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SUBSTITUTION RELATIONSHIPS BETWEEN FORAGE AND
GRAIN IN MILK PRODUCTION1
CARL WENDELL ALLEN2
Department of Economics and Sociology
Three distinct but related production functions {regression equations) were studied
in order to derive estimates of the substitution rates between forage and grain in producing m'-lk. Contour {equal product) equations were derived from two of the production
functions to indicate the various combinations of grain and forage required· to produce
a given quantity of milk under specified conditions of inherent ability and geographic
location. Contour "maps" of milk production computed from the more complex production function are shown for five situations ranging from{l)a low inherent ability cow at
a low station to (2) a high inherent ability cow at a high station. These contour maps
indicate that the rate of substitution between forage and grain is different for various
points on any given contour and that the rate of substitution varies between contours.
The majority of the contours indicate a diminishing marginal rate of substitution of
forage for grain in milk production. A portion of the contours in the middle area of the
date have a negative slope (concave to the origin) and do not conform to production logic.
The conclusion is that the negative contours were due to the nature of the production
function fitted and that the true relationship between grain and forage in the area of the
negative contours is approximately linear.
The first two production functions {regression equations) extended the number of independent variables by interaction terms and polynomials of the three original independent variables-inherent ability, forage consumed, and grain consumed. The third
and more complex production function introduced a new concept by bringing estimates
of the dependent variable from an earlier analysis into the right hand side of the equation as independent variables. Both linear and quadratic expressions of this estimate
of the dependent variable were included to allow the contour value to vary with contour
height. The reduction in the error sum of squares for this special method was considered significant. The method merits consideration in other problems where the rate
of substitution between factors is a function of l~vel of output.
It is not argued that the estimated forage-grain combinations {and subsequent substitution rates)are the final answers. Perhaps the precise substitution rates between forage and grain await data from further experiments designed specifically for the problem.

1Doctoral thesis no. 1558, submitted June 7, 1954. Chairman of Committee, Earl
Heady, Department of Economics and Sociology.
2B.s., University of Kentucky, Lexington, Ky., 1939. M.s., Ibid., 1941.
Research. Assistant!
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CHARACTERIZATION OF SOIL PHOSPHORUS BY EXCHANGE
RESIN ADSORPTION AND pl• EQUILIBRATION1
FATH! MOHAMED AMER 2
Department of Agronomy
The ultimate objective of this investigation was to develop a method for estimating the
availability of soil inorganic phosphorus to plants through the use of an anion exchange
resin. An investigation of phosphorus adsorption from solutions by the resin Dowex l
showed that small quantities of phosphorus were adsorbed almost quantitatively over a
pH range covering that encountered in agricultural soils. Where complete removal
was not attained a percentage of the added phosphorus was removed. Further, the rate
of phosphorus removal by the resin was found to be controlled by the concentration of
phosphorus at surface of the resin particles, and not by a resin characteristic such as

1Doctoral thesis no. 1428, submitted June 22, 1953. Chairman of Committee, c.A. Black,
Department of Agronomy.
2 B.s., Fouad I University, Egypt, 1944. M.s., IOl'IB. State College, Ames, Iowa, 1949.
Graduate Assistant.
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internal diffusion. These results indicate that with a sufficient number of resin particles in a'.n agitated aqueous suspension of soil and resin, the rate of phosphorus removed
by the resin should be a measure of the rate of phosphorus release from soil.
In experiments with soil , the rate of phosphorus adsorption by the resin was measured by determining the phosphate content of the resin after wet sieving to eliminate the
soil. It was found. that phosphorus removal by resin adsorption increased with the ratio
of resin to soil up to a value of 1 :1 by weight. A further increase to a ration of 2:1 resulted in no further increase in phosphorus removal. Thus, beyond a ratio of 1 part of
r .esin to 1 part of soil, the rate of phosphorus removal from the soil was presumably
independent of the ratio and instead was a function of the rate of release from the soil.
Phosphorus removed from soil by the resin increased with time, rapidly at first
and the n more slowly. A similar behavior was obtained by m easuring the rate of exchange between soil phosphorus and F3 2 • The quantities of soil phosphorus adsorbed by
the resin during a given time were below the quantities equilibrated with F3 2 during the
same interval of time. The num e rical values are nevertheless remarkably similar in
comparison with the wide differences in absolute values commonly obtained by conventional tests for soil phosphorus availab.i lity. It appears that the similarity in numerical
value obtained by the two processes results from their similarity in action and their
independence of the accessory characteristics of soils. Both methods involve exchange
of soil phosphate and some other anion. It is presumed that with each method the rate
of exchange is a function of degree of dissociation of the phosphate and accessibility to
the solution.
When the data for the amount of soil phosphorus adsorbed by the resin after different
intervals of time were plotted on a log-log scale, the rate curve for each soil became
two straight lines. This behavior suggests the existence of two distinct reactions differing° in rate. The time at which the lines intersected was found to range from 56 to
90 minutes.
·
The values of resin-adsorbed phosphorus for estimating availability of soil inorganic
phosphorus was investigated using a group of 16 soils. One gm. of Dowex 2 resin of>
32-mesh size was shaken 2 hours with 1 gm: of < 100-mesh soil and 100 ml. of water.
The resin was then separated from the soil by pouring the suspension through 82-mesh
sie¥e cloth. To extract the adsorbed phosphorus, the separated resin was leached with
10 per cent sodium chloride solution.
The values for phosphorus adsorbed in Z hours gave a correlation of O. 94 with Fried
and Dean llA" values obtained in a greenhouse experiment. The correlation between the
Bray test and"A"values was 0.87. The high correlation between resin-adsorbed phosphorus and "A" values suggests that the phosphorus measured by this technique provides
a good estimate of the availability of soil phosphorus to plants.

GENETIC RELATIONS BETWEEN CARCASS CHARACTERS,
RATE AND ECONOMY OF GAIN IN SWINE 1
DAVIDE. ANDERSON2
Departments of Animal Husbandry and of Genetics
This study was undertaken (1) to measure the effects that certain extraneous factors
had on carcass composition (2) to obtain estimates of heritability and (3) to obtain estimates of phenotypic and genetic correlations between rate and economy of gain with
carcass composition, particularly the correlations between rate and economy of gain
and carcass fatness.
The data were based on the feed and gain records and carcass yields and measurements of 550 pigs fed in the Record of Performance feeding trials at the. Iowa Agricultural Experiment Station. The pigs from which data were obtained included 41 PolandChinaand 14 Landrace inbreds, 94Poland-Landracecrossbreds, 167Poland linecrosses,
168 Poland multiple linecrosses and 66 multiple crossbred pigs. These were from 344
1Doctoral thesis no. 1518, submitted March 15, 1954. Chairmen of Committee, John w.
Gowen, Department of Genetics, and LoNo Hazel, Department of Animal Husbandry.
2 B.s., University of Massachusetts, Amherst, Maes., 1950. M.s., University of Connecticut, Storrs, Conn., 1952. Graduate Assistant, Agricultural Experiment Station.

ABSTRACTS OF DOCTORAL THESES, 1953-54

363

litters and 195 sires. The data were corrected for differences in sex and carcass
weight, i.e., to a basis of barrow carcasses weighing 165-169 pounds prior to the
analyses of variance and covariance by constants obtained from a least squares analysis.
Males were 0. 2 inch shorter in body length and 0.1 inch longer in leg length than
females. Males also yielded 1.2 percentage points . more of fat cuts, with 0.2 inch
thicker backfat than that of females . Males also yielded 1.4 less percentage points of
lean cuts but weighed 8.3 pounds more at 154 days of age than females.
Weight increases caused a response in all the carcass traits. A five-pound increase
in carcass weight resulted in an average increase of 0.18 inch in body length, 0.11
inch in leg length, 0. 73 per cent more fat cuts, 0.18 · inch of backfat and per cent
lean cuts decreased 0.55 pt!r cent. These changes in carcass composition with weight
attained high statistical significance.
The components of variance for litters and litter mates were indicative of a consistent but varying maternal environmental influence affecting all traits, but being most
extreme for per cent of lean .c uts and rate of gain. The components were also indicative of maternal and individual environmental influences being roughly in the same proportion for the various traits.
Estimates of heritability of within line differences in a population inbred no more
than the foundation stock from which the lines were derived were as follows:
Body length
Leg length
Per cent of fat cuts
Backfat thickness
Per cent of lean cuts
Economy ' of gain
154-day weight

0.48
0.73
.0.69
0.40
0.15
0.26
0.19

Dominance and maternal environmental influences were considered to have an important effect on per cent of lean cuts and rate of gain. Body length was affected more
by maternal and individual environmental influences than leg length. Backfat thickness
was affected very little by maternal influences but considerably by environmental effects.
The estimate for feed economy was considered only an approximation.
The genetic correlations between 154-day weight and per cent of fat cuts, backfat
thickness and per cent of lean cuts were 0.56, 0.02, and -0.26, respectively. Those
between feed economy {feed requirements) and the same traits were 0.05, -0.15, and
0.28.respectively. These correlations indicate that the genes responsible for rapid
and economical gains in swine are concerned with increasing fat deposition and decreasing leanness slightly. Consequently, effective selection for rapid and economical
gains would result in slightly fatter carcasses than if gaining ability and fatness were
not associated genetically .
Possible methods of circumventing the relation between fatness and gaining ability
are as follows : (1) to base selection more on feed economy (low feed· requirements)
than on rate of gain since the genetic correlations between the former trait and fatness
were considered to be smaller than those between rate of gain and fatness; (2) to practice selection for rate of gain at ll2 days of age when bone and muscle growth are more
pronounced than fat growth; (3) to practice selection for rate of gain at 154-day weight
and against backfat thickness as determined by a "probing" technique; (4) to base selection on a selection index utilizing a proper weighing of the above factors along with an
indication of dam productivity, body length and other factors measurable on the live
animal; and (5) to develop new combinations of genes by the judicious crossing of lines
and breeds.
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EVALUATION OF CATALYSTS FOR HYDROCARBON OXIDATION'
JOHN ERNEST ANDERSON'
Department of Chemical Engineering

The partial oxidation of propane to useful organic chamicals is economically attractive, with products possible which are worth from 6 to 22 times the cost of the raw
materials. Present commercial processes use a combination of high temperatures and
pressures to produce a mixture of products. Previous investigators have been troubled
with temperature control and with the reaction proceeding to form carbon monoxide and
caC""bon dioxide.

The present investigation was carried out to evaluate catalysts which might provide
a high yield of useful organic products, preferably with one compound predominating.
The reaction was carried out in a fluidized catalyst bed to improve temperature control.
Oxygen was used as the oxidizing gas for the reaction carried out at essentially atmospheric pressure.

The apparatus used consisted of equipment to meter and preheat separately propane
and oxygen, a 2-inch pipe reactor to contact the gases with the catalyst and a condenser
and absorbers to collect the products.
Thirty-one runs are reported, including twelve using Celite, and from one to three
runs each on V,05 -K,S04 -silica gel, silica-alumina, activated alumina, CuO-Celite,
La,03 -Celite, CeO,-Celite, and MoO,-Celite. The runs were made at flow rates from
3000 cc. per minute to 6500 cc. per minute (14. 7 pounds per square inch absolute,
10• F. ), with oxygen concentrations from 10 per cent to 30 per cent and temperatures
from 650°F. to 950°F.
The best catalyst investigated was MoO,-Celite, which converted from 6.1 to 9.5
per cent of the oxygen fed to useful organic products. These products consisted of
70-80 per cent aldehydes and ketones, 20-25 per cent alcohols, and 2-6 per cent acids.
The per cent of the oxygen reacted converted to useful products in the presence of
MoO,-Celite was also higher than that with any of the other catalysts. In one run with
MoO,-Celite catalyst, the estimated conversion of fresh carbon feed, based on the recycling of all unreacted propane, would be about 38 per cent to useful organic products,
19 per cent to oxides of carbon, and 43 per cent to unsaturated hydrocarbons.
Operating the reactor without catalyst produced yields up to 7.0-13.4 per cent of
the oxygen fed converted to useful organic products. The distribution of products was
similar to that obtained with MoO,-Celite.
Conversion of the oxygen fed to all types of products was greater with activated
alumina, silica-alumina, and CeOz-Celite than without a catalyst present. The other
catalysts produced less total conversion of oxygen than was done without a catalyst
present.
The fluidized bed apparatus was found capable of handling the large heats of reaction
of the oxidation, providing the heat was not released immediately at the bottom of the
bed.
1 Doctoral

thesis · no. 1471, submitted November 11, 1953.
Beyer, Department of Chemical Engineering.
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Chairman of Committee, G. H.

New Mexico College of Agricultural and Mechanic Arts, State College, N.M., 1948.

California Institute of Technology, Pasadena, Calif., 1952. M.s. Iowa State
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CULTURAL AND HARVESTING PRACTICES AFFECTING SEED
YIELDS OF BIRDSFOOT TREFOIL, LOTUS CORNICULATUS L. 1
STANLEY ROBERT ANDERSON 2
Departments of Agronomy and of Botany and Plant Pathology
Broadleaf birdsfoot trefoil, Lotus corniculatus L., is comparatively new as a forage
legume in North America. In the last decade much has been said in its favor for use in
improving permanent pastures in the humid and sub-humid northern United States.
One of the major limiting factors in the use of domestic birdsfoot trefoil is the low
yield of seed. Two reasons, inherent in the plant, have been major contributing factors,
namely indefinite flowering and ripening of pods and the shattering of seeds from ripened
pods. Observations show that seed pods are produced profusely, therefore seed yields
potentially could be high.
The purpose of this investigation was to study basic factors in seed and pod development as related to stage of maturity for harvesting, to measure seed losses caused by
pod dehiscence during harvesting and curing, and to isolate other factors related to
seed yields. Experiments with the Empire strain were conducted from 1949 to 1952 at
the Southern Iowa Pasture Farm in Monroe County, Iowa, and in 1952 and 1953 at the
Agronomy Farm, Ames, Iowa, to study these factors.
Detailed studies on the development of the pods and seeds show that maximum pod
length was attained within twenty- one days following fertilization. Definite changes in
pod color were noted during maturation.
The waxy, deep green color of the pods
changed to purple about one week following full bloom, a week later it was dark green
and then watery, light green about three to three and one-half weeks following full
bloom. After three or four additional days, the pods changed to an oily, light brown
color. In subsequent four day intervals, pods changed to dark brown and then black,
respectively. Umbels set early in the season produced more pods and usually more
seeds per pod than those set later in the seasoi..
Seeds attained morphological maturity within twenty-seven days following full bloom.
At this time the pods were light brown in color. Seeds harvested from light green,
light brown, dark brown, and black pods were of high quality in regard to germination
and size. Seed yields at these color stages were similar. Dark green pods were immature, had less viable seeds, and yielded less than pods more advanced in maturity.
From this phase of the study it may be concluded that birdsfoot trefoil should be harvested when the maximum number of pods are light brown in color to obtain high yields
of good quality seed.
Seeds normally ripened on the plant have a high percentage of hard seeds. Hard
seed content was greatly reduced by threshing and scarification.
Spring and early summer clipping of birdsfoot trefoil greatly reduced seed yields in
comparison with unclipped stands.
Birdsfoot trefoil produced more seed per acre when grown in association with Kentucky bluegrass, orchardgrass, and timothy than when grown alone. Larger seed yields
were obtained in association with Kentucky bluegrass than with orchardgrass or timothy.
Fewer birdsfoot trefoil plants remained in the stand two years following establishment
when grown alone than. when grown in association with either of the grasses. Increases
in seed yield, however, were attributed to reduced lodging effected by the grasses,
especially Kentucky bluegrass.
ln a limited trial, the use of chemical defoliation increased pod dehiscence and was
not generally satisfactory.
Seed losses from pod dehiscence either prior to harvest of mature stands or in
mowed and curing herbage were found to be high if relative humidity dropped below 50
per cent. Seed losses were higher during swath curing than during windrow curing and
increased progressively as the herbage dried.
The data from this study show that high seed losses may be expected when birdsfoot
trefoil is harvested later than necessary (pods light brown in color). But even when
harvested at the proper stage of maturity, seed losses due to pod dehiscence may occur
in the swath or windrow when the relative humidity falls below 50 per cent. The most
1Doctoral thesis no. 1509, submitted March 9, 1954. Chairmen of Committee, W.H. Bragonier, Department of Botany and Plant Pathology, and I.J. Johnson, Department of
Agronomy.
2 B.s., Michigan State College, East Lansing, Mich., 1946. M.s., Ibid., 1949. Instructor
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effective way to increase seed yield is by growing birds!oot trefoil with a grass and
especially with Kentucky bluegrass. In addition, from the results of this study, it is
indicated that seed production of this legume may be limited to areas where high relative humidity is prevalent at harvest time.

SOLVENT EXTRACTION OF MEAT AND FISH OFFAL1
HAROLD CARL ARVIDSON, JR. 2
Department of Chemical Engineering
The application of solvent extraction to the removal of oil from vegetable oil s"eds
has been extensively studied, but similar investigations have not been carried out on
either meat and bone scrap or fish meal. Meat and bone scrap is the dry cooked waste
from meat packing operations, whereas fish meal is the wet cooked scrap from the fish
industry. The tallow obtained from the meat offal is used in the manufacture of soap
and the residue is used as a hog feed supplement. The oil removed from the fish offal
is used for paint and varnish and the residue is used as a poultry feed additive.
The two raw materials, meat and fish offal, were investigated to determine the effects of the various operating variables on the solvent extraction of them and the requirements for the successful processing of these in the Iowa State College extractor.
These studies were carried out both in glassware in the laboratory and in a pilot plant
model of the Iowa State College continuous countercurrent extractor.
The variables that were investigated in laboratory rate extractions were temperature, moisture, particle size, and the effect of wetting agents. In the pilot plant the
effects of miscella concentration, extraction time, temperature, moisture, particle
size, and wetting agents were studied. The solvent used in most of the work was trichloroethylene although some pilot plant data were obtained with commercial hexane.
In the pilot plant extractions, it was found that extraction efficiencies as high as
91.6 per cent and 98.3 per cent are attainable for fish and meat offal, respectively. In
conformity with general opinion, trichloroethylene was found to extract more fat or oil
than hexane in a given extraction period and was, therefore, the preferred solvent.
From the study of the effects of the various operating variables on the extraction of
meat offal, it appeared that the extraction did not take place by a diffusion mechanism
but solely by a washing process. This postulate was supported by the fact that there
was little change in the miscella concentration in the horizontal section of the extractor
and that extraction times in excess of 25 minutes did not reduce, within the limits of
experimental accuracy, the residual extractables.
A similar study for fish offal showed that the extraction process although mainly a
washing operation had coupled with it a diffusional process that was effective for extraction times in excess of 25 minutes.
The effect of temperature was greater in the pilot plant than in the laboratory for
the extraction of meat and fish offal. This was believed to be due to the greater effect
of temperature on the viscosity and density of the miscella. In the laboratory these
effects are much smaller since the miscella is almost pure solvent.
Moisture was found to have a profound effect upon the extraction of meat and fish
offal in the laboratory. For meat and bone scrap, the effect of moisture data gave a
minimum residual extractable at a moisture of 7 per cent. With fish meal, the minimum occurred at a moisture of 20 per cent. Some of the fish meal tested in the laboratory had a moisture content as high as 45 per cent and it was found that wetting agents
improved the degree of extraction. In the pilot plant, the improvement due to wetting
agents was not confirmed.
A possible relation between laboratory and pilot plant data was suggested for meat
and bone scrap, but inadequate data were available for fish meal for complete confirmation of this correlation. The relation was not found to hold for the extraction of
cottonseed.

1Doctoral thesis no. 1500, submitted January 9, 1954. ChairlD8Jl o! COlll!littse, Lo K.
Arnold, Departln8nt o! Chemical Engineering.
2 B.s., Iowa State College, Ames, Iowa, 1943. v.s., Chrysler Institute, Detroit,
llichigan, 1947 • Graduate Assistant, Engineering Experiment Station.
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In the study of meat offal, it was discovered that the satisfactory operation of the
pilot plant extractor was attained only if the bones were removed from the extractor at
its lowest point. The addition of a settling chamber and a continuously operating screw
proved to be inadequate for the bone removal.

STATISTICAL APPROACH IN PLANNING PRODUCTION PROGRAMS
FOR INTERDEPENDENT ACTIVITIES 1
MADAN MOHAN BABBAR2
Department of Economics and Sociology
Recently developed techniques of input-output analysis and linear programming can
be used for planning production programs at the level of a firm, an organization, or an
economy. In this dissertation it was proposed to develop statistical procedures to predict the deviation of the outputs realized from the amounts planned, if the technological
relationships between inputs and outputs (the input coefficients) used to apply these
techniques, were liable to vary at the time of production.
First of all, it is shown that a nondegenerate solution of a programming problem
occurs as a solution of m nonhornogeneous linear equations in rn variables; in matrix
notation:
B

X

(m•m) (m•l)

Q

(m·l)

The elements of matrix B represent the input coefficients. The elements of vector X
represent the planned levels of activities (productive or disposal) which enter in the
production program. Q is an m-column vector of constant elements. It is assumed
that, at the time of operation of the program, the above model may be subject to certain
random errors. In matrix notations, the model in operation may be represented as
(B + b )X = ( Q + ) where the elements of the (m • m) matrix b and the m-column vectors
e are small random errors. The problem thus reduces itself to finding approximate
probability distributions of the elements of X, if the elements of b and e have known
probability distributions.
It was also proposed to derive the probability distributions of a linear function of the
slsments of X since it could be identified with the objective function which the program
was expected to maximize.
At this stage the treatment is purely mathematical so that the results may be applicable in any other applied field. The problem is simplified by ignoring second and
higher order cross-products of the errors involved in the expressions for a general
element of X and a linear function of these eleI?Ents. Then, with the assumption that
the errors are normally distributed with means zero and known variances, the distributions for the general element of X and the linear function are derived. However,
these distributions cease to be useful for practical purposes unless their cumulative
distributions could be tabulated. This is difficult because of the nature of the probability distributions.
Some indirect procedures involving very convenient computations were presented to
make statistical predictions. For example, one may obtain the 95 per cent confidence
limits between which a particular element of X would fall. One may also compute the
probability that the linear function of the elements of X will not be less than a prescribed number. In production economics these results seem to be very important.
If the assumptions involved in this approach are approximately satisfied, one can compute, for example, the probability that the profit realized (if that is the objective function used in planning the program) will not be less than a particular sum of money.
Also, in certain applications of linear programming techniques, one may obtain more
than one optimum solution. The highest lower limit of the linear objective function,
for the same confidence probability, will give a criterion for the choice among alternative programs.
1 Doctoral

thesis no. 1495, subnitted December 15, 1953. Chairman or Col!1111ittee, Gerhard
Tintner, Department of. Economics and Sociology.
2 B.A., Punjab Univer8ity, India, 1943. M.A., Ibid., 1945. Instructor. Cooperator,
Agricultural Experiment Station.
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An empirical example was presented in order to make an application of the above
analysis. An optimum production program for a model family farm in Iowa, with fixed
capital, land and labor resources, was determined.
Corn, soybeans, oats, flax, and wheat were the five crops considered. The relevant
input coefficients were computed for each year separately, over the period 1928-1952.
The average values were used as expected values in order to draw the optimum program.
The production program, thus derived, included production of corn on about 79 acres
and flax on about 64 acres, leaving about 5 acres of the total farm acreage (148)unused.
The program was expected to yield 3464 bushels of corn, 687 bushels of flax anda gross
monetary return of ,$'8021 with the Iowa average prices during the year 1952.
To apply the probability approach for predicting the possible variations of these results, the unbiased estimates of the variances of the input coefficients relevant to the
optimum program were computed from the corresponding series over the same period,
1928-1952. By the use of these estimated variances, the following 95 per cent confidence limits (with equal probability on either tail) were obtained:
Lower limit
Upper limit
Corn (bush~ls)
2088
10282
Flax (bushels)
46
1625
Cross profit (bushels)
6298
18866
These results checked very closely with those obtained by the alternative procedure
(cumulative distributions).

RESPONSE OF LACTOBACILLUS ARABINOS_US TO _E-FLUOROPHENYLALANINE 1
ROBERT SWAIN BAKER 2
Department of Chemistry
Studies were made with Lactobacillus arabinosus to ascertain if _E-fluorophenylalanine is incorporated into proteins of the organism under conditions in which this compound causes increased growth of the organism. In L. arabinosus at limiting concentrations of phenylalanine, subinhibitory quantities of the analogue were found to increase
the amount of growth as compared to controls lacking the analogue. The amino acid
composition of the organism was investigated since a hypothetical explanation for the
increased growth was the substitution of _E-fluorophenylalanine for phenylalanine in the
proteins. Special procedures were instituted to remove free amino acids which might
lead to erroneous conclusions if present.
L. arabinosus I (ATCC No. 8014) was grown on a synthetic medium for 48 hours at
37•c. In a typical experiment, 30 liters of synthetic medium contained 39.6 mg. of
DL-phenylalanine and 98.9 mg. of DL-E_-fluorophenylalanine. The cells were harvested
by centrifuging and by repeated washing with physiological saline solution. A cytolyzate
was prepared from the harvested cells by cytolysis with ether and sand.
In Experiment 1, the cytolyzate was treated with phenylisothiocyanate in 50 per cent
aqueous pyridine at 3 7• C. This method was used to block the free amino acids in the
cytolyzate, since such amino acids might be construed to be incorporated into proteins
of the organism. The cytolyzate was refluxed with 6 N hydrochloric acid for 24 hours,
and after removing the acid by distillation, the hydroi;;.zate was suspended in distilled
water. Preferential adsorption of the aromatic amino acids was attempted by treating
the hydrolyzate with activated charcoal. The amino acids were eluted with 20 per cent
aqueous acetic acid containing 5 per cent phenol. The eluate was extracted with ether
and concentrated. The pH was adjusted to 6. A portion of the solution was chromatographed on Whatman No. 1 filter paper. The solvent for the chromatograms was tertiary-butanol, m 'ethyl ethyl ketone, and water. The proportions were 4:4:1. 5 by volume. Ninhydrin was used to locate the amino adid spots on the chromatogram. The
results showed that E_-fluorophenylalanine was present in the protein hydrolyzate of
L. arabinosus I.

1Doctoral thesis no. 1474, submitted December 7, 1953. Chairman of Committee, Sidney
w. Fox, Department of Chemistry.
2 B.s., Purdus University, Lafayette, Indiana, 1949. M.s., Iowa State College, Ames,
Iowa, 1951. Graduate Assistant, Industrial Science Research Institute.
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Experiment 2 consisted of three controls for the phenylisothiocyanate treatment of
cytolyzate . In this experiment, the cytolyzate was L. arabinosus I cells grown on a
complete synthetic medium without the addition of .I':-fluorophenylalanine. In the first
control, labelled G, ..['-fluorophenylalanine was added to the cytolyzate before treatment
with phenylisothiocyanate. The cytolyzate was processed as in Experiment 1, and the
chromatographic analysis indicated that the added E_-fluorophenylalanine had been completely blocked by the phenylisothiocyanate. The results indicated that free amino acids
cou ld be removed by phenylisothiocyanate treatment.
Using a biological inhibition test for p-fluorophenylalanine, which is sensitive to
smaller amounts than the ninhydrin reage;rt, a small amount of free p-fluorophenylalanine was present as indicated by a zone of inhibition. A mutant of Tue parent strain,
~· arabinosus PT 1 , which does not require an exogenous source of phenylalanine and
tyrosine was used for biological assay.
In the third control, labelled I, no p-fluorophenylalanine was added to the cytolyzate.
After treating the cytolyzate as G, the chromatographic analysis indicated that no other
cellular constituents which react with ninhydrin have the same Rf value as E_-fluorophenylalanine.
Since in Experiment 2, control G, the evidenc e from the biological assay indicated
that the blocking of the free amino acids with phenylisothiocyanate was incomplete, two
additional experiments were performed to check the result. In Experiment 3, E_-fluorophenylalanine was treated with phenylisothiocyanate which was followed by treatment
w i th 6 N hydrochloric acid. The acid was removed by distillation, and the pH was adjusted
6 . Quantitative paper chromatography showed that approximately 10 per cent
of the ..['-fluorophenylalanine was not blocked by the phenylisothiocyanate treatment.
InExperiment 4, E_-fluorophenylalanine was added to a cytolyzate of~. arabinosus I.
The organism had been grown in a complete synthetic medium without ..['-fluorophenylalanine. The cytolyzate was treated with phenylisothiocyanate, and refluxed with 6 N
hydrochloric acid for 24 hours. The hydrolyzate was processed as in Experiment 3:
Good resolution of the hydrolyzate was not obtained by chromatography. The area in
which E_-fluorophenylalanine occurred was cut into four strips three-fourths inches wide
and assayed by biological inhibition. The results indicated that 16 per cent of the..['fluorophenylalanine was present in the hydrolyzate .
In Experiment 5, the cytolyzate of cells, grown in the presence of _£-fluorophenylalanine as in Experiment 1, w as treated with concentrated hydrochloric acid at 3 7 • C
for 3 days to hydrolyze the proteins to peptides. A portion of the partial hydrolyzate
was treated with phenylisothiocyanate and then hydrolyzed with 6 N hydrochloric acid
in a sealed tube at 100°C for 15 hours . The acid was removed by ;;,aporation, and the
hydrolyzate neutralized with ammonium hydrozide. Paper chromatography failed to
resolve the mixture of amino acids, but with the aid of biological assay the E_-fluorophenylalanine was identified. Utilizing another portion of the partial hydrolyzate which
was completely hydrolyzed with 6 ~ hydrochloric acid, the total amount of E_-fluorophenylalanine was estimated by paper chromatography and by biological assay. In the
cytolyzate, a total of 15 mg. of E_-fluorophenylalanine was estimated to be present by
paper chromatography and 12 mg. by biological assay.
After phenylisothiocyanate
treatment, 7. 5 mg. of E_-fluorophenylalanine were estimated to be present in the cytolyzate by paper chromatography and 9. 7 mg. by biological assay. This corresponds to
50 per cent and 81 per cent recovery of the fluoro analogue which is present as aminosubstituted ..[' - fluorophenylalanine. The amount of the amino- substituted fluoro analogue
recovered was greater than the 10 to 16 per cent expected from incomplete reaction
with phenylisothiocyanate. Although values obtained by the two methods in Experiment
5 are not in complete agreement, the same qualitative conclusion that..['-fluorophenylalanine is incorporated into proteins of L. arabinosus I can be deduced from each set
of data.
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EFFECTS OF SOIL CONSERVATION AND SOIL IMPROVEMENT
PRACTICES ON FARM PROFITS AND MANAGEMENT 1
A. GORDON BALL 2
Department of Economics and Sociology

The specific objectives of this study were:
(1) To examine the relative erosion control of different practices and, if possible, to
rate them on this basis.
(2) To indicate the difference in practices in terms of the conservation realized per
dollar invested.
(3) To specify the implications of making payments for practices which are substitutes and those which are complements.
(4) To determine the cost of adopting various practices and the effects of their adoption on income from the acres on which the practice is applied and from the farm
as a whole.
(5) To provide information on the capital required for conservation practices, the
return on that capital investment over time and its relationship to the use and
availability of credit.
(6) To illustrate the importance of whole farm planning in the establishment of an
efficient and effective conservation program.
Experimental data from the Western Iowa and Page County Experimental Farms
indicated that conservation practices differ in their effects on yield, their ability to
control erosion and in costs of adoption . A very approximate and tentative ordering
of individual practices, on the basis of their ability to save soil, follows.
On slopes
which exceed 12 per cent, lister contouring appears most effective followed by terracing, surface contouring and rotations in that order. On lower slopes, the order suggested by the data presented is terracing followed by lister contouring, rotations and
surface contouring.
On rotations which do not include meadow, surface contouring and contour listing
rank highest in terms of soil saved per dollar invested. On slopes of 2 to 20 per cent,
contour listing combined with a rotation including first year meadow would, perhaps,
give the greatest control of soil movement at least cost. Where contour listing is not
advisable for a specific soil or location, surface contouring should be used instead. As
compared to surface contouring, contour listing and rotations, terraces represent the
most costly method of controlling erosion.
If practices ~re complementary, it means that used alone they do not conserve soil
but give conservation results only if used in combination. In such cases payment should
only be made for one and then only if the other practice is used in combination with it.
If practices are competing in the sense that they represent alternative ways of accomplishing a specified level of erosion control, payments should be made only for one
alternative.
Using three case farms in Western Iowa, ten livestock-crop programs were worked
out for each over a 15-year period, 1952 to 1967. Assumptions were made of steady
prices at the 1952 level and of declining prices from the 1952 level to a level of 225 per
cent of 1910-1914 by 1958, remaining steady thereafter . The minimum time required
for a soil conservation plan to provide a higher annual net farm income than extension
of the present plan was 4 years under the assumption of steady pr~ces and 5 years under
the assumption of declining prices. The minimum time required for accumulated net
farm income under a conservation plan to exceed accumulated net farm income under
the present plan was 7 years when future incomes were not discounted and a longer
period when they were discounted.
The additional capital required for each of 15 years after a conservation plan is
adopted for a farm is not greatest at the time the plan is started but 5 to 8 years later.
Increased capital needs vary from year to year after a plan is started and most are due
to a greater investment in livestock. Indirect costs associated with a conservation
plan, such as those for ·livestock, often exceed the direct costs of the conservation
practices. The use of fertilizer when a conservation plan is begun helps to overcome

1Doctoral thesis no. 1541, submitted June 2, 1954. Chairman of Committee, Earl o.
Heady, Department of Economics and Sociology.
2 s.s.A., University of Toronto, Canada, 1949. M.s., Iowa State College, Amos, Iowa,
1950. Assistant Professor. Cooperator, Agri cultural Experiment Station.
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the drop in net farm income which ordinarily occurs. Credit should be made available
not only for the conservation practices themselves but for related costs incurred.
Credit is required in varying amounts for a number of years after a conservation is
started. Loans for fertilizer, tiling, and other practices which are profitable but nonconservational would help to maintain farm incomes and increase the adoption of conservation practices.
Overall farm planning for conservation is necessary if practices which control erosion are to gain general acceptance. Education must play an important role. Farmers
must become convinced that conservation farming will not lessen their satisfaction.
They must want to adopt the practices and contend with them over a period of years.
Conservationists must recognize the ramifications of proposed conservation plane on
the farm business as a whole. The land, human and capital resources are unique for
each farm situation. They must be considered on an individual farm business basis as
they function simultaneously.

RELATIONSHIPS OF VALUES AND PROCESS CONCEPTS OF
SELECTED STUDENTS TO GENERALIZATIONS IN NUTRITION'
(

HELEN FRANCES BARBOUR 2
Departments of Vocational Education and of Foods and Nutrition
Limited research has been done to determine the motivating forces behind changes
in food habits through education. The present study had its basis on the belief that the
student could become interested in nutrition and could be motivated to maintain himself
in an optimum state in relation to it. There was no evidence in the literature to indicate
that values, goals, and process concepts of students had been used consciously and
concurrently in nutrition education. The present study was made to discover whether
process concepts of a selected group of seventh-grade students changed as they learned
and applied principles and facts. In this manner nutrition facts and principles were
related to goals and values of students. It was believed that consideration of process
concepts and values in relation to valid factual generalizations comprises a basis of an
effective nutrition education program .
Approximately 292 different statements of generalizations which were evaluated by
a jury of nutritionists at Iowa State College, a specialist in scientific writing, and two
junior high school teachers were approved and retained in a compilation of Generalizations for Teachers of Students Who Have Had No Chemistry.
The statements were classified according to the developmental tasks of late childhood and early adolescence. It was assumed that learning nutrition principles and facts
related to, these tasks would be strongly motivated if they were recognized as being
instrumental in satisfying physiological, personal, and social needs.
One reason for ineffective teaching in the area of nutrition may be that teachers untrained in nutrition have difficulty in evaluating the conflicting information in the field
and hence are insecure in the subject matter they present. This list of classified
statements may serve as a reliable guide according to the present status of nutrition
research. From this compilation teachers of students in the fifth through the thirteenth
grades can select information most pertinent to the needs of their students. After the
selection of the generalizations the information can be presented in a manner preferred
by the individual teacher. In the same manner the statements may serve as so11rce
material for teachers of public-health nutrition, student nurses, and adult groups.
Although statements were kept simple, 32 terms were defined or explained because
they were checked by two junior high school teachers as difficult to interpret to their
students, or were considered by the investigator to need clarification.
Source materials used in compiling and validating nutrition information were listed
in an alphabetical bibliography of authors for the convenience of teachers who might

1Doctoral thesis no. 1451, submitted July 22, 1953. Chairmen of Committee, Mattie
Pattison, Department of Vocational Education, and Eroel s. Eppright, Department of
Foods and Nutrition.
2B.s., University of Oklahoma, Norman, Okla., 1933. M.H.Ec.Ed., Ibid., 1939. M.s.,
Iowa State College, Ames, Iowa, 1948. Instructor.
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wish to read background information with which to broaden their understanding of the
generalizations.
Criteria for the statement of facts and principles in the form of generalizations were
suggested.
Seventh-grade students at Story City, Iowa, and freshmen women at Iowa State College, Ames, Iowa, composed two classes in nutrition taught by the investigator in order
to ascertain the ability of students to state generalizations. Thus it was possible to
make a comparison of the statements which were obtained at the two grade levels. One
student-stated generalization from each classification in three areas of subject matter,
randomly sampled from the material taught during the seventh- and thirteenth-grade
classes in nutrition, was classified and analyzed in the present study. Neither the
number of students nor the subject matter used in the teaching were the same for the
two age groups. However, the generalizations stated by the students were classified
by a common method.
Findings reported in the present study were based on a small population which composed the samples studied and apply only to these small groups.
More than half of the generalizations stated by both seventh- and thirteenth-grade
students were accurate. The seventh-grade students usually gave statements which
contained one idea stated in simple words. They almost always made statements which
could be applied to their areas of interest. The thirtee!!th-grade students often included
facts and principles of interest~ !!.!:..• not necessarily applicable to the solution of
their immediate problems. The advantage of relating generalizations to developmental
tasks was evident when students in both classes displayed a keen interest in the subject
matter presented and wished to discuss their personal problems as related to the generalizations they were asked to write. The older students displayed this tendency more
than the younger ones. Badly confused ideas among the statements were few in number.
Confused wording was more evident than confused ideas. Criteria for presenting generalizations to students were suggested.
A variety of methods was used to teach generalizations. Learning was facilitated
when principles and generalizations were accompanied by moving pictures, animalfeeding experiments, demonstrations in which actual foods were used, graphs of the
student's own growth, individual dietary records and other classroom activities which
brought the principles into the realm of the student's experience.
Value patterns for girls, for boys and for the entire grades five, seven, nine, and
thirteen were compared to discover differences that might be used as guides in planning
curriculum content. Values studied for the fifth-grade students were not identical with
those studied for the other three groups, but when possible the values of the four age
groups were compared. The test of Hawkes was given to two sections of the fifth grade
which included 14 girls and 21 boys. The test of Di Vesta was used in the seventh grade
which included 14 girls and nine boys. The same test was given to 13 girls and 11 boys
in the ninth grade. Forty freshmen men and 40 freshmen women were given the test of
Di Vesta also.
Values for the seventh- and thirteenth-grade students were determined in two ways,
the values of tests and the process concepts. Values tests were given to obtain background for teaching the nutrition unit. Process concepts were obtained in response to
interview questions related to nutrition and the values they seemed to imply were assigned to discover the goals and values related to nutrition. The values obtained by the
two methods are not comparable because of the lack of refinement of the interview
technique. Further development of this procedure is recommended.
When values were analyzed for each grade as a whole, it was noted that in all foor
grades distinctive differences existed between the values of boys and girls. These differences should be recognized in motivation in nutrition education. The differences in
the values for each grade as a whole were also distinctive and could serve as one basis
for selection of subject matter to be presented as well as the method to be used in
presenting it.
Process concepts of students were determined by use of two sets of interview questions related to facts and principles in nutrition which were designed for use with
seventh- and thirteenth-grade students. Interviews were recorded on wire and were
transcribed in type for classification and analysis of process concepts obtained in the
responses to the questions.
An interview technique was developed which involved the use of 62 questions related
to nutrition facts and principles for seventh-grade students and 67 questions for thirteenth-grade students. Of these questions approximately 43 yielded process concepts
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of students which were related to nutrition. The other questions were used to lead up
to the more difficult ones which required independent thinking. Goals and values implied
by the process concepts were assigned by the investigator and were ranked according
to the mean number of process concepts related to each value and goal.
The kind of questions used in the interview appears to be the basic factor in the
worth of the process concepts obtained. Criteria for formulation of interview questions
in nutrition, included in the present study, are based on experience obtained in this
exploratory res e arch.
Concepts obtained by interviews were classified under five headings: physical characteristics; food preferences and practices; relations with peers; relations with adults;
and performance in work and play. After the process concepts were classified, goals
and values which the investigator judged the concepts to imply were assigned to them.
There were 14 values and three goals which seemed to be implied in the responses to
the interview questions.
Many process concepts of seventh- and thirteenth-grade students were very similar
as determined to responses to questions related to physical characteristics, food preferences and practices and performance in work and play, but they varied considerably
in responses to questions related to peers and in relations with adul ts. The thirteenthgrade students gave a much freer response than the younger students to the interview
questions in all the classifications.
The large number of responses to interview questions which seemed to imply the
goal, health, indicated that it was prominent in the list of goals and values related to
nutrition. A comparison of process concepts of seventh- and thirteenth-grade stude nts
related to health is included in the present study.

PANTOTHENIC ACID REQUIREMENT OF WEANLING PIGS ON A PURIFIED RATION1
CHARLES E. BARNHAR T 2
Department of Animal Husbandry
Forty-eight Duroc x Poland China x Landrace crossbred pigs w e re allotted according to outcome groups to 12 different ration treatments to study the pantothenic acid
requirement of weanling pigs. A purified ration composed of starch, cerelose, Drackett pr otein, woodflock, corn oil, minerals, vitamins, and DL-methionine with levels
of 2, 3, 4, 5, 6, and 7 mg. of pantothenic acid with and without chlortetracycline was
fed. The average initial weight of the pigs was 25 pounds and they were fed to a final
weight of approximately 100 pounds. _The pigs were confined to wire floored individual
crates for the entire feeding period.
A 48 hour collection of u~ine was made from each pig immediately prior to placing
the pigs on the experimental ration treatments and again when each pig weighed approxirna tely 7 5 pounds. The volume of urine from each pig was measured and an aliquot
was stored for a pantothenic acid assay. Blood samples were drawn when the pigs
weighed 75 pounds and hemoglobin, red and white blood cell counts, differential white
cell counts, h e matocrit and clotting time were all determined. F ecal samples were
collected on two days and microbiological plate counts were made.
There were not significant differences in the rate of gain, daily feed consumed, or
feed required for a pound of gain between the pigs being fed the different ration treatments. Neither were there any significant differences in hemoglobin, red blood cell
count, white blood cell count, differential white blood cell count, hematocrit, or clotting time between the pigs on the 12 ration treatments. The amount of calcium pantothenate excreted when the pigs weighed 75 pounds was found to be closely related to the
level of pantothenic acid the pigs were receiving in their ration.
There were fewer lactobacilli, molds, yeast, fungi, and anaerobes and the total
count was less in the feces from pigs fed the antibiotics . •However, the coliforms and
the streptococci organisms were in larger numbers in the feces of antibiotic fed pigs.
Molds, yeasts, fungi, streptococci, 3.nti coliforms were fewer in numbers in fecal
samples produced by pigs fed 7 mg. of pantothenic acid than in samples from pigs fed

1Doctoral thesis no. 1533, submitted May 28, 1954. Chai rman of Conmtlttee, Damon Catron,
Department of Animal Husbandry.
2 B.s., Purdue University, Lafa yette, Ind., 1945. M. 5., Iowa State College, Ames, 1948.
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lower levels of the vitamin. However, these differences in numbers of microorganisms
in the feces apparently had little or no influence upon the performance of the pigs since
these differences cannot be correlated with any differences in gain, feed efficiency or
deficiency symptoms.
No apparent deficiency symptoms developed in any of the pigs during the course of
the experiment . The pigs fed the 2 and 3 mg. levels of pantothenic acid with chlortetracycline did develop rougher hair coats thandid the pigs on the same levels of pantothenic acid without the antibiotic . A post mortem examination of one pig fed the 2 mg.
level of pantothenic acid was made. No internal symptoms of a pantothenic acid deficiency was found.
Considering the renal excretion levels of calcium pantothenate, growth rate, feed
efficiency and the failure to detect any of the deficiency symptoms of a pantothenic acid
deficiency, 2 to 4 mg. of pantothenic acid per pound of feed appeared to be adequate for
normal growth of pigs under the conditions of this experiment.

HISTOLOGY OF THE MAIZE PLANT IN RELATION
TO CORN BORER INFESTATION 1
MAX E. BELL 2
Department of Botany and Plant Pathology
This study was undertaken to study some anatomical features of the corn plant in
relation to invasion by the corn borer. The inbred lines and hybrids used in the study
represent extremes of resistance and susceptibility .
Corn borer larvae do not survive on very small plants. Larvae began to survive on
the ninth day after emergence of the plant from the soil in 1952, and on the eighth day
in 1953. At this time plants of susceptible line WF-9 had six emerged leaves and an
average height of 26 cm. The resistant line L-317 had four or five emerged leaves and
an average height of 16 cm. The survival of larvae continued to be high after this time.
After the ultimate number of leaves is initiated, the vegetative apex elongates and
becomes a transition type apex. The earliest transition apices were found six days
after the plants emerged from the soil. The first floral initiation was found on the
eleventh day. Plants comparable to those found to be in transition were the first to
become capable of supporting young corn borer larvae. When the plants were in the
vegetative, leaf-producing phase, the larvae did not become established.
Tissue differentiation of leaves in the whorl was found to be least advanced below
the moist area, and more advanced distally . Leaves of susceptible lines WF-9 and
M-14 differentiate at a lower level than the resistant lines L-317 and W-22.
Larvae are found to feed almost entirely from the upper surface of the leaves in the
moist area, and the bulliform cells were found to be the locus of attack. The dissimilar staining reactions of the walls of the bulliform cells of resistant and susceptible
lines indicate undetermined chemical differences. Total outer cell wall thickness of
the fundamental type epidermal cells was greater than of the bulliform cells. Lines
M-14 and WF-9 have a wider bulliform group than L-317 or W-22.
Resistant lines have pin- hole lesions involving relatively few cells. The susceptible
lines have larger lesions, in proportion to the degree of susceptibility and the size of
the larvae. The position and shape of bulliform cell groups regulate the shape of the
lesions.
Larvae enter the midribs of the moist area from the upper side and feed in the parenchyma of the mature midrib. Hypodermal strands of sclerenchyma offer resistance
to the borer invasion at the edges of the midrib. Continuous hypodermal sclerenchyma
is found in the midregion of the rib. Resistant midribs have sclerenchyma strands
close together and have less parenchyma than susceptible midribs.
Plugging of the vascular tissues by microorganisms in the region of attack was noted.
Cell proliferation was also found in the region of attack.
thssis no. 1545, aulmdtted June 3, 1954. Chairman of CO!llllittee, John E. Sass,
Department of Botany and Plant Pathology.
2 B.s., Parsons College, Fairfield, I011&, 1950. v.s., Iowa State College, .Ames, Iowa,
1952. Graduate A•aistant, Agricultural Experiment Station.
1 Doatoral
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Resistance in the collar was found to be associated with the close spacing of major
bundles and of the sclerenchyma sheath, and with the total thickness of the collar. The
larvae feed upon the parenchyma between the vascular elements.
Resistance in the leaf sheath is associated with the distance between sclerenchyma
strands on the adaxial side, and with total thickness of the sheath in the feeding area .
The larvae feed upon the parenchyma between and under the sclerenchyma strands.
The larvae may enter the parenchyma in the thick midregion, and some surface feeding
may occur in the margins where the parenchyma is not thick enough to allow entry.

DIFFERENTIAL CHARACTERISTICS· RELATED TO LATER OCCUPATION OF
GRADUATES FROM THE DIVISION OF AGRICULTURE AT IOWA STATE COLLEGE!
MERLE E. BETTS2
Department of Vocational Education
The purpose of this study was twofold . Graduates of the Iowa State College Division
of Agriculture were studied (1) to determine characteristics related to success in later
occupation as measured by earned income, and (2) to determine characteristics related
to occupational choice of agricultural college graduates.
The study was limited to 500 graduates of the Iowa State College Division of Agriculture during the period 1932 to 1952, inclusive. One hundred graduates in each of
the occupational areas of sales, journalism, extension, farming, and college teaching
and research were included. Names of graduates and such information as their occupations, earned income, and certain other characteristics were obtained from questionnaires returned in 1952 by these same graduates for another study. Additional information concerning the graduates was obtained from college records. From these
sources, information was secured regarding characteristics believed to bear some relationship to either occupational success or occupational choice. The characteristics
were (1) college grade average, (2) agriculture grade differential, (3) science grade
differential, (4) social science grade differential, (5) communications grade differential, (6) high school average, (7) scholastic aptitude, (8) extracurricular activities,
(9) height,and (10) farm or non-farm residence before college matri.culation. Grade
differential was the designation given to the difference between the average grade in one
subject matter area and the average in three other areas.
The use of earned income as a criterion of occupational success was based on availability of that information and the lack of other criteria of success. A quadratic equation of the form Y = -aX2 + 60aX + C was obtained by the method of least squares and
solved for earned income and number of years since graduation for each occupation.
Solution of the equation provided an adjusted median income for from one to twenty-one
years after graduation which was used to separate graduates within the occupations into
"above average" and "below average" earned income groups. Although it was not an
express purpose of this "study to compare earned income of the various occupations, it
was noted that solution of the quadratic equations yielded widely varying earned income
values for graduates in the five occupations. Predicted maximum earned income 3 0
years after graduation varied from 5, 577 dollars for graduates in extension to 9, 374
dollars for graduates in journalism.
In the analysis of characteristics related to earned income, the technique of biserial
correlation was used to determine the relationship of each of the characteristics chosen
to high-low earned income. The t-test was used to test for significance of the difference between high and low earned income groups in each occupation for each of the
characteristics. The only characteristics which were revealed to have a significant
relationship to earned income were college grade average • and communications grade
differential. For graduates engaged in college teaching and research, those with higher
college grade average had a tendency to be in the higher earned income group with an
rbis of 0.2433 and at-value of 1.974 which was significant at the five per cent level.
A negative correlation of -0.2867 and at-value of 2.3530 was found between communi-

1Doctoral theaiB no. 1470, submitted November 13, 1SS3. Chairman of Conmrl.ttee, James
:&:. Ylert, Department of Vocational Education.
2B.s., Iowa State College, Ames, Iowa, 1947. w.s., Ibid., 1952.
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cations grade differential and earned income for graduates engaged in extension work.
The negative correlation indicated that those graduates who did less well in communications subjects have a tendency to have higher earned incomes than the graduates who
do better in communications than in other subjects. None of the other characteristics
was significantly different between high and low earned income groups in the five occupations considered.
Chi square was used to determine the significance of differences between high and
low earned income groups with regard to farm or non-farm residence prior to college
matriculation. All chi square values were nonsignificant, indicating that no differences
could be shown between high and low earned income groups with regard to farm or nonfarm residence prior to college.
Multiple classification analysis of variance was used as a more sensitive test of
significance, whereby variations among the occupations could be controlled. No significant differences between high and low income groups could be demonstrated when
occupational classification was controlled. Highly significant differences among occupations without regard to earned income groups were obtained for the characteristics
(1) college grade average, (2) agriculture grade differential, (3) science grade differenyial, (4) communications grade differential, (5) high school average, (6) scholastic
aptitude, and (7) extracurricular activities. Hence, the usefulness of the characteristics appeared to lie in the realm of occupational choice rather than in distinguishing
between higher income and lower income graduates.
Discriminant analysis provided a technique for evaluating the similarity of an individual to graduates established in the five occupations considered in this study. Six
characteristics for use in the discriminant equations were selected on the basis of significance of F-values for analysis of variance. The characteristics were (1) college
grade average, (2) agriculture grade differential, (3) science grade differential,
(4) communications grade differential, (5) scholastic aptitude, and (6) extracurricular
activities.
The discriminant equations were used to compute multiple biserial correlations
which showed the relationship between the six characteristics and tendency for graduates to be in one occupation rather than another. Magnitude of the correlations, varying from 0.1289 to 0. 7166, indicated that the characteristics chosen provide a reasonable basis for discriminating such occupations as college teaching and journalism from
any of the other occupations studied. The same characteristics were found to be of
less value, however, for discriminating the occupations of sales, farming, and extension.
To provide a scoring key by which similarity of characteristics of an indicidual to
occupational pattern could be obtained, equations were solved to discriminate each occupation from the other four studied. The equation for any one occupational pattern
was obatined by averaging the coefficients which were found for that pattern as contrasted to each of the other four. A series of tables were prepared from which a counselor could obtain scores for an individual, evaluating similarity to graduates already
established in occupations. To obtain evidence concerning the usefulness of the scoring system, each of the 500 graduates included in the study were scored for similarity
to occupational pattern . It was recognized that the degree of usefulness revealed by
scoring the individuals with whom the system was devised would be an over-estimate
of the value of the scoring system.
Similarity scores for the 500 graduates gave further indication that the equations
discriminate the occupations of journalism and college teaching from sales, extension,
and farming, as well as from •each other. The system did not appear to be satisfactory,
however, for discriminating sales, extension, and farming.
It was suggested that information concerning interests and personality traits ·of students could be assembled as college routine. That information, incorporated in discriminant equations with the characteristics used in this study, might provide a more
accurate method of determining similarity of agricultural college graduates to occupational pattern.
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SEQUENCES OF AMINO ACID RESIDUES IN INSULIN1
DONALD J. BLANEY'
Department of Chemistry
The literature dealing with the chemical structure of insulin has been reviewed. By
means of fragmentation of the molecule, Sanger has proposed a sequence purported to
account for all amino acid residues present in the protein (1, 2). There are, in the literature, reports which support and some which contradict his findings.
The purpose of the present investigation was to examine the insulin structure by an
independent method. A quantitative amino acid residue sequence procedure which could
be applied without prior fragmentation of the protein (3) was employed. In order to
obtain information about the terminal amino acids, electrophoretically pure crystalline
bovine insulin was treated first with phenylisothiocyanate and then with 6 N hydrochloric
acid. To investigate positions other than terminal, the 6 N hydrochloric acid hydrolysis
was replaced by treatment with dry dioxane saturated with hydrochloric acid gas. Microbiological assay of the amino acids before and after the treatments revealed decrements in the amount of those acids that had reacted with phenylisothiocyanate. The
following data, most of which are in agreement with Sanger, were collected.
In an insulin sample of molecular weight 12, 000, there are six phenylalanine residues, two of these having free amino groups. Valine and two or three isoleucine residues occupy second positions; two isoleucine and two valine residues were found in this
position by Sanger. In third positions are aspartic acid and two valine residues, and
an undetermined number of glutamic acid residues occur as fourth amino acid from the
arninoid terminus of the insulin peptide chains.
Contrary to the results of Sanger (2) and Fromageot (4) and in accord with those of
Brand (5) and Tristram ( 6 ), three isoleucine residues per molecule of insulin were found
in three determinations.
With a view toward developing a more direct sequence procedure, some of the properties of phenylthiohydantoins were investigated.
The phenylthiohydantoins derived
from eleven common amino acids were found to dissolve slowly in ether, the extracting
solvent commonly employed, whereas they were found to be readily soluble in N, N-dimethylforrnarnide and pyridine. When the phenylthiohydantoin of valine was added to
buffered solutions of bovine serum albumin, it could be recovered quantitatively by ten
ether extractions at pH 2. 2, 4, 6, and 8 but not at pH l 0. a. -Napthylisocyanate reacted
with valine and isoleucine more rapidly than phenylisothiocyanate, but the hydantoin
produced on acid treatment was more insoluble in ether. Octadecylisocyanate reacted
more slowly than phenylisothiocyanate. The estimation of phenylthiohydantoins by
means of their conversion to amino acids is not entirely satisfactory since the conversion is only seventy-five per cent cornpl~te. H"wever, the estimation of the hydantoins
by means of the optical density of their solutions at 268 mlL is unaffected by pH and is
satisfactory if other ultraviolet-absorbing materials are absent.
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CHIPPING QUALITY OF IOWA GROWN POT.ATOES 1
FRANKLIN LEWIS BLANKENBURG'
Department of Horticulture

The chipping quality of 65 potato varieties and seedling selections was evaluated.
Specific gravity of tubers, yield of chips, per cent oil absorption of chips, reducing
sugar content of the raw potatoes and color rating of chips were studied. Correlation
coefficients were computed for the following:
1. Specific gravity of tubers and yield of chips.
2. Specific gravity of tubers and per cent oil absorption of chips.
3. Specific gravity of tubers and reducing sugar content of the raw potato.
4. Specific gravity of tubers and color rating of chips.
5. Reducing sugar content of the raw potato and color rating of chips.
Regression coefficients were also computed for the above factor and regression
lines presented graphically.
The correlation coefficient for specific gravity and chip yield was 0. 847 and for
specific gravity and oil absorption it was -0.614. These relationships are sufficiently
rigid to permit the chip manufacturer to estimate yield of chips and oil absorption on
the basis of the specific gravity of his raw potatoes.
Reducing sugar content and color rating of chips appeared to be largely inherent in
the variety. .Although the correlations of specific gravity with reducing sugar content
and with color rating of chips were significant, the regressions were of little use in
making estimates.
The highest correlations obtained were between color rating of chips and reducing
sugar content of raw potatoes {r = 0. 747, 0.883, and 0.877). When the sugar content
of raw potatoes was below 0. 05 per cent the color rating of chips · was generally good
with color values being below {lighter than) those expected on the basis of the regression. When the s.ugar content of the raw potatoes increased above 0.2 per cent the
actual regression was more in evidence. Chips produced from potatoes with a reducing
sugar content of 0. 2 to 0. 5 per cent were on the borderline of being acceptable for color.
Two years' results of the effect of foliar sprays of 2, 4-D and maleic hydrazide upon
the chipping quality of Kennebec, Pontiac, and Cobbler varieties are also presented.
The effect of these chemicals upon the specific gravity of tubers, reducing sugar content and color of chips from these varieties was negligible.
The results of a 2,4-'D experiment involving different formulations on the variety
S e bag o did indicate that foliar sprays on the vines resulted in lower reducing sugar
content and improved color of chips after storage and conditioning the potatoes.
On the basis ·of these experiments it is suggested that the effect of both 2, 4-D and
maleic hydrazide may depend upon varietal response and possibly upon environmental
conditions. Need for further study on varietal response to these chemicals is indicated.
1"

Doctoral thesis no. 1510, submitted llarch 10, 1954. Chairman ot Committee, c. E.
Peterson, Department of Horticulture.
2B.s., ID11'tl State College, Ames, ID11'tl, 1950. Cooperator, Agricultural Experiment
Station.
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ROOSTING OF BRONZED GRACKLES AND AVIAN ASSOCIATES AT AMES, IOWA'
JOHN C. W. BLIESE 2
Department of Zoology and Entomology
The roosting of bronzed grackles and avian associates, the starlings, cowbirds, and
robins, and their evening flights to the roost in residential areas in Ames, Iowa, were
kept under observation from August, 1949, through November, 1952. Objectives of the
study were as follows: (a) to learn whether or not certain readily measurable features
of the roosting sites were correlated with the extent to which they ~ere used by the
birds; (b) to learn whether or not readily measurable weather phenomena were correlated with the behavior of the birds; (c) to observe the responses of the birds to interference by people; and (d) to add to our knowledge of the natural history of the bronzed
grackles and their associates.
Roosting began in Ames during June and ended in November. It was primarily noted
in the relatively abundant American elms and hard maples, but it also occurred in
rather high percentage among green ashes, box-elders, cottonwoods, hackberries, and
silver maples, all of which were present in small numbers. Roosting early in June
soon spread from hard maples to other deciduous trees, and thereafter there was no
evidence of any consistent seasonal change in the use of species of trees.
In general, the percentage of trees used as roost places varied directly with the
diameters of trunks at breast height. With only four exceptions, trees less than seven
inches in trunk diameter were not used by the birds, and the lowest value observed was
four inches.
Except for the American elms which showed no consistent trend, the degree of use
given the trees (light, moderate, or heavy) varied directly with the mean diameter of
the trunk at breast height. The mean diameters of hard maple roost trees were considerably less than those of other tree species.
Both on numerical and on percentage bases the birds used far more street trees than
back yard trees. A decided tendency of the birds to roost in closely grouped trees may
have been the reason, for there were few c~ose groupings of roost-size trees in back
yards.
In general, the degree of use given the trees varied with the amount of cover provided by the crowns, but variations in the extremely dense hard maples did not result
in differential use by the birds. The rather open crowns of many species of trees may
have been a major reason why more of them did not serve as roost places.
Most efforts at roost control in Ames by individual citizens were of a desultory
nature. Noise-making and beams of light apparently were at least partly responsible
for several shifts in roost sites. Firecrackers thrown among the roosting birds cleared
one extensive roost site, and the use of one shotgun for three nights moved 20, 000 birds
at another. Supersonic frequencies had no noticeable effect.
Four major flights entered Ames each evening, with the birds present in approximately the following percentages: grackles, 74; starlings, 22; cowbirds, 3; and robins,
1. Grackles and robins usually flew at tree-top height, starlings at two or more times
grackle altitude, and cowbirds flew slightly abote the grackles. Mixed flocks flew at
the level of the most abundant species, though none were ever seen at the higher altitudes used by the starlings. As the season advanced the flight lines broadened until
three of them were seven or more blocks wide, but the birds were not uniformly distributed throughout. The broadening was correlated with the growth of the roost and
with shifts to new sites therein. Although total numbers of birds in the flights were
low in June, they increased until August or September, accompanied by a growth of the
size of the flocks. An estimated peak of over 69, 000 birds, which roosted on a total
of 120 city blocks during the season, was reached in 1950. Progressive decreases
followed during the next two years.
Grackles were the first birds to begin the daily flights to the roost, starlings second,
and cowbirds were third. For flight peaks and endings the order was reversed: cowbirds, starlings, grackles. Robins were always the last to ,e nter the roost. As the
season advanced the beginnings and peaks of the flights of grackles, starlings, and

1Doctoral thesis no. 1431, submitted July 8, 1953. Chairman of Committee, George o.
2Hendrickson, Department of Zoology and Entomology.
B.A., IO?la State Teachers College, Cedar Falls, Iowa, 1935. M.A., Columbia University,
New York, N.Y., 1936. Instructor.
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cowbirds tended to occur closer to sunset time. The same was true for flight endings
for grackles, but starlings and cowbirds showed little seasonal change therein. As the
season advanced the total duration of the flights decreased.
Effects of various weather elements and time of year on the daily variations in flight
peak time for grackles and starlings of two flights were tested by the method of multiple
linear regression. Results of the analysis showed the following: grackles of one flight
were affected primarily by wind velocity, cloudiness, and season; grackles from the
other flight responded chiefly to zenith light, cloudiness, and wind velocity; starlings
from both flights were influenced chiefly by season, zenith light, and cloudiness. Regression coefficients for season were negative, and those for the other factors were
positive. The higher light values obtained when skies were moderately cloudy than
when clear caused the regression coefficient for zenith light to have a positive value
rather than a negative one.
Thunderstorms caused locally gathered birds to rush to the roost when a storm
struck, but had no effect on birds that were some distance away. Light precipitation
had no noticeable direct effect.
When populations of the same flight were compared on successive days, the total
numbers of birds to come to the roost were less with tail winds of 500 or less feet per
minute velocity than with comparable head winds. The effect of stronger head winds
and tail winds on the populations of the same flight on successive days was not studied.
The birds frequently performed a maneuver which was called "dipping" in the thesis.
It involved a sudden drop in altitude, flight at the new level for a distance, then a return to the original level. No stimulus was found to cause the behaviorism. It increased in frequency and intensity as the season progressed, though it was not seen
every evening.
The birds never crossed moving trains or standing, noisy engines. Airplanes flying
at moderate heights over the birds had no noticeable effect on them.
Suggested methods of control included selective cutting of trees to eliminate close
groupings, and the use of the shotgun on the incoming flights early in the season.

SEPARATION OF INDIVIDUAL RARE EARTHS BY LIQUID-LIQUID
EXTRACTION FROM MULTICOMPONENT MONAZITE RARE EARTH NITRATES 1
JULIUS H . BOCHINSKl2
Department of Chemical Engineering
A liquid-liquid extraction process was developed for the separation of the light rare
earths. The research consisted of experimental determination of equilibrium data,
development of a method for correlating important process variables, countercurrent
liquid-liquid extraction on a small scale, design and testing of a pilot plant mixersettler unit, and proving that the rare earths can be separated inexpensively by liquidliquid extraction.
Unique equilibrium conditions were found for the rare earth nitrates-tributyl phosphate-water systems. The equilibrium curves for individual pure light rare earths
practically coincide. The equilibrium curves for light rare earth mixtures coincide
with the equilibrium curves for the pure rare earths . Nitric acid decreases the solubility of rare earths in the organic phase. The separation factors increase with increasing rare earth concentration. The separation factors are almost independent of
the composition of the rare earth mixture.
It is advantageous to operate a rare earth extractor at high rare earth concentrations
where the separation factors are the highest, since the separation factors decrease
markedly with decreasing rare earth concentration.
A calculation method was developed that takes advantage of the unique equilibrium
relations and permits the operation of any number of stages at high rare earth concentrations where the separation factors are the highest. The calculation method correlates

1Doctoral thesis no. 1501, submitted January 11, 1954. Chairman ot Committee, Morton
Smutz, Department or Chemical Engine.e ring.
2B.Ch.E., l.JniTereity or Detroit, Detroit, Michigan, 1950. Research Assistant,
Institute tor Atomic Research.
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all the important process variables encountered in the rare earth extraction system.
The concept of the reflux ratio, frequently employed in other separation processes, was
employed as a parameter for the following variables: number of theoretical stages;
flow rates of the three liquid streams entering the extraction system; and the concentration of the solutes in the incoming feed stream. The calculation method was tested
with a simulated extraction unit and a pilot plant mixer-settler unit and was found to be
valid.
The performance of the mixer-settler unit was predicted with considerable
accuracy.
A simple pilot plant mixer-settler was designed to handle liquids of high density and
viscosity. The interface level in each settler was controlled independently of all other
stages by means of a si'.mple adjustment. This mixer-settler was employed in pilot
plant studies with monazite rare earth nitrates.
Significant separations of the rare earths were made on a pilot plant scale. A binary
cerium-lanthanum mixture containing about O. 6 per cent heavier rare earths was prepared from a monazite rare earth mixture in a 14-stage extractor. A binary praseo dymium-neodymium mixture containing less than 0.05 per cent samarium and gadolinium was prepared from a feed mixture containing 15 per cent praseodymium, 75 per
cent neodymium, 6 per cent samarium and 4 per cent gadolinium. The above binary
praseodymium-neodymium mixture was used as feed for preparing a neodymium fraction containing l per cent praseodymium and 6 per cent heavier rare earths. The pilot
plant run in this last step did not reach steady state due to a lack of enough feed material.
A preliminary cost estimate . was made of a liquid-liquid extraction process to purify
rare earths from monazite rare earth nitrates. The estimated conversion cost for 99
per cent lanthanum and 99 per cent cerium was about 7 cents per pound when based on
a production rate of 16, 000 pounds of monazite rare earth nitrates per day.

CHANGES IN KNOWLEDGE AND OPINION OF BUSINESS AND
PROFESSIONAL PEOPLE ABOUT COOPERATIVE ASSOCIA TIONS 1
JOE MERL BOHLEN2
Department of Economics and Sociology
This is an exploratory study of differences in knowledge and op1mons of business
and professional persons about agricultural cooperative associations before and after
a public relations campaign designed to influence their knowledge and opinions. The
campaign was conducted during 1950-1951 using printed materials only.
The Joint
Committee of Cooperatives in Iowa Falls, Iowa, sponsored a series of 13 advertisements
in the Iowa Falls Citizen and published a pamphlet which they distributed to the business
people and part of the professional people in Iowa Falls. Also, the Iowa Associated
Businessmen Inc. of Ames, Iowa, sponsored a series of eight advertisements opposing
cooperatives which were printed in the same newspaper.
The research project was conducted under the auspices of the Iowa State Agricultural
Experiment Station.
The purposes of this study were:
1. To determine if changes in knowledge and opinions took place during the period
when the public relations campaign was being carried on.
Z. To determine personal and social factors related to seeing and reading of printed
materials used in the public relations campaign.
3. To determine personal and social factors related to differences in knowledge and
opinions of agricultural cooperatives.
The population studied was the business managers and professional people in Iowa
Falls and similar communities in the Midwest. Similar samples from this population
living in Iowa Falls were interviewed, one before and the other after the public relations campaign.
Scores were devised to measure levels of knowledge and favorableness of opinions.

1Doctorai thesis no. 1559, submitted June 7, 1954. Chairman of Committee, Ray E.
Wakeley, Department of Economics and Sociology.
2B.s., Iowa state College, 'Ames, Iowa, 1947. M.s., Ibid., 1948. Assistant Professor.
Cooperator, Agricultural E::i;periment Station.
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N o significant differences were found between the before and the after samples in
level of knowledge about the structure and operation of cooperatives and the level of
knowledge about the tax responsibilities of cooperatives.
No significant difference
was found between the two samples in the favorableness of opinion toward cooperatives.
Favorableness of opinion was the only factor significantly related to seeing and
reading of the printed materials. A greater proportion of those who were less favorable toward cooperatives had read the advertisements in the local newspaper.
Ministers and school teachers had more favorable opinions toward cooperatives than
others. Those people with more than 12 years of formal education had more favorable
opinions toward cooperatives. Those who had discussed cooperatives with others had
less favorable opinions.
Each of the personal and social factors tested was related to knowledge about the
structure and operation of cooperatives. A greater proportion of those who had more
know ledge about the structure and operation of cooperatives had more than 12 years of
formal education, had farm backgrounds, were engaged in professions, were 39 years
of age or younger, had dis.cussed cooperatives with others and had more favorable
opinion toward cooperatives.
Age, education, and occupation were not related to knowledge of the tax responsibilities of cooperatives. Those with farm background knew more about tax responsibilities
of cooperatives . Those who had discussed cooperatives with others had less knowledge
of the tax responsibilities of cooperatives.
Knowledge about cooperatives was limited among the people represented in this study.

PRODUCTION PLANNING OF CROPS FOR IOWA FARMS - USING
ACTIVITY ANALYSIS AND LINEAR PROGRAMMING1
BERNARD JOSEPH BOWLEN 2
Department of Economics and Sociology
The main objective of this study has been the determination of the crop production
program which maximizes total revenue for different soil areas in Iowa and for different levels of resource ownership. The analysis was carried out by the use of the simplex method of the linear programming technique. Accordingly, an optimum (revenue
maximizing) crop program was determined for fourteen main soil associations. Six
resource quantities were considered for each and the analysis was repeated for a second price period. In all, 168 situations were considered. Only one production technique or process was used in the analysis. That is, only one combination of resource
inputs per unit of product was considered for each crop and each area. The analytical
method lends itself well to considering several production techniques. However, the
lack of yield data which reflect the results of different techniques accurately made this
extension inadvisable.
The analysis has substantiated the hypothesis that the optimum plan will differ from
farm to farm, even on the same soil type, if the quantity of resources available for
production is different. This optimum plan will vary between areas due to relative
differences in crop yields. Changes in price ratios over time may cause the optimum
production plan of one period to be relatively less favorable in another price period.
Therefore, no one combination of crops can be considered optimum for all farms, nor
is the program which was optimum at one time necessarily optimum at some time in
the future.
The results obtained in Logan Township demonstrate the findings of the study. Corn
and flax were the most profitable combination of crops for part of the land ( 1948-1952
average price levels were used) and part of the acreage was not planted, when capital
was severely limitational. As the quantity of available capital was increased, part of
the unused acreage and part of the flax acreage were planted to corn. With unlimited
capital the most remunerative use of resources was found to be in the production of

!Doctoral thesis no. 1546, eubmitted June 3, 1954. Chairman of Committee, Earl o.
Heady, Department of Economics and Sociology.
2B.Sc., University of Alberta, Edmonton, Canada, 1949. v.s., Kansas State College,
llenhettan, Kans., 1951. Research Associate, Agricultural Experiment Station.
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corn exclusively. The average price of oats and soybeans during 1941-1944 was more
favorable, relative to the price of corn, than during 1948-1952. Using 1941-1944
price ratios, soybeans were included in the optimum plan in Washington Township.
However, their inclusion was associated with low available capital. As the capital
quantity was increased soybeans were replaced by corn, in spite of the relatively favorable price of the former crop in 1941-1944. Labor tended to be limitational in Logan
Township although the restriction imposed in this township was less severe than in
areas where a large dairy enterprise was typical.
The selection of the program which results in maximum revenue may not be the
farmer's only concern. It is, however, of very real importance in the decision making
process, if for nothing more than permitting the farmer to know the opportunity cost of
choosing some other objective.
Most farmers probably do a type of budgeting to arrive at an optimum program given
their individual objectives. They take stock of their resource supply and then determine the levels at which the several crop enterprises may be carried on. The method
is laborious since a very large number of crop combinations or programs exist for even
a relatively small farm enterprise. The possibility also exists that the optimum plan
will never be considered, since there is nothing in the budgeting technique which provides for all alternatives being considered.
Linear programming is an alternative to the budgeting technique in individual farm
analysis. The method is exact. It cannot fail to lead the investigator to the optimum
plan; that is, all possibilities will be considered. Several internal checking methods
are available which cause arithmetic errors to be obvious. The determination of the
optimum plan can be carried out quickly with linear programming.
The development of linear programming and its application to agricultural economics
greatly enhance the opportunity of carrying on individual farm planning. While the resource situations which have been included in this analysis are considered to be applicable to many Iowa farms, individual farm analysis might result in the recommended
program being somewhat different in many instances. Unlike many of the research
tools which have been available to agricultural economists, linear programming lends
itself well to individual farm analysis. Budgeting has been the main exception. Either
analytical method requires that the research worker be able to specify resource quantities, production opportunities which are approximately equally profitable, production
techniques and the quantity of product which may result from each. Price expectations
must also be formulated before the relative emphasis which should be given each opportunity in a revenue maximizing program can be determined. None of these requirements is unrealistic. Resource quantities, prices and techniques change orer time,
however, and new opportunities become available. Therefore, the necessity for program revision is apparent. Because of the relative ease with which the optimum program may be determined linear programming is a considerable improvement over
budgeting.

A NEW APPROACH TO DIRECT-READING SPECTROCHEMICAL ANALYSIS1

RICHARD KEITH BREHM
Department of Chemistry
The use of spectrochemistry as a means of industrial process control has increased
sharply in recent years. In many cases spectroscopy has largely replaced chemical
techniques for routine analytical work.
Photographic spectroscopy for quantitative
work has given way to the direct intensity measuring instruments in cases where very
rapid, accurate analyses must be performed.
Modern direct intensity measuring equipment, in which spectral intensities are
measured by multiplier phototubes, have several drawbacks. The most important of
these include the use of separate exit-slit, phototube assemblies for each spectral line

1Doctorsl thesis no. 1475, submitted Dece•iber 5, 1953. Chairman of Co1111littee, V. E.
Fsssel, Department or Chemistry.
2 B.s., llarquette University, l.111-ukee, Wisconsin, 1949. Research Assistant,
Institute for Atomic Research.
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whose intensity is of interest. Since multiplier phototubes vary in their characteristics
from tube to tube and from time to time, frequent calibration runs must be made to
preserve analytical accuracy.
In the research which lead to this thesis a new method of direct spectral intensity
measuring was investigated. In the instrument using this technique a single multiplier
phototube was used to measure the intensities of all spectral lines of interest. An arrangement was used whereby the spectrum from a converted Jarrell-Ash 1. 5 meter
Wadsworth mounting spectrograph was scanned rapidly and repeatedly past a single
exit-slit, phototube assembly. An alternating-current system was used throughout so
that dark current from the phototube did not interfere with the spectral intensity measurements.

An oscillograph was synchronized with the spectrum scan, and the output of the
phototube was fed to the vertical amplifier so that the spectrum could be visually monitored at all times. Synchronization of the oscillograph (and associated equipment) was
accomplished by a slotted disk mounted on the spectrum scanning mechanism. Light
from a small bulb passed through the slot to a germanium phototube (Sylvania IN77).
The resulting pulse was sharpened and fed to the external synchronization input of the
oscillograph.
The spectral intensities were measured by placing a grid of 50 opaque lines on the
face of a cathode-ray tube with P-5 phosphor. Vertical deflection voltages were obtained from the monitor oscillograph, and no horizontal deflection was provided. A
multiplier phototube in a light tight box was mounted over the screen of the cathode-ray
tube. Thus, as the electron beam was deflected, the "spot" alternately was covered
and uncovered by the grid lines producing a pulse wave-form in the phototube output
such that the n u mber of pulses was proportional to the degree of def~ection. As the
electron beam moved in response to the signal from the spectrum-detecting phctotube,
"bursts" of pulses were produced which contained pulses of a number proportional to
the intensity of the spectrum lines .
In order to separate the pulse bursts corresponding to the spectral lines of interest
from the general spectrum, synchronized gates were used. The same pulse which
triggered the sweep oscillator of the monitor oscillograph triggered delayunivibrators
whose delay period was adjustable. A separate delay uni vibrator was provided for
each spectral line which was measured. The delay univibrator in turn supplied a trigger pulse which tripped a gate univibrator, again one for each spectral line of interest.
The gate univibrators supplied a square wave which activated gating amplifiers. Only
at the time that the gating pulse was applied to the gating amplifiers would a signal be
passed. When the general pulse burst spectrum was applied to the gating amplifiers,
those spectral lines of interest were separated.
The time that the gating pulse was applied to the gating amplifiers was determined
by resistance-capacitance values in the gating univibrator circuit. A stepped selector
switch allowed adjustment of the gating period over a range of values. The instant that
the gating pulse occurred was observed visually by injecting a portion of the gating
signal onto the control grid of the cathode-ray tube in the monitor oscillograph. Thus,
when the gating pulse occurred, the trace was brightened. In order to set the gates to
coincide in time with spectral lines whose intensities were to be measured, the delay
univibrators were adjusted until the bright portion of the trace just covered the spectral lines as viewed on the monitor oscillograph.
The pulse bursts, containing the spectral line intensity information, were evaluated ·
after gating by high speed scalers. By noting the number of counts on the scaler registers, the total, time-integrated intensities of the spectral lines were determined.
In spectrochemical analysis it is necessary to determine ratios of integrated inten:..
sities rather than absolute intensities. Therefore, a computing unit was built which
would accumulate the integrals of the intensities on multiturn potentiometers. After
the exposure period the computer measured the ratios of resistances (equivalent to
determining ratios of integrated intensitie s) and recorded these ratios on a special
strip chart recorder. In practice, a series of standards, containing various known
amounts of impurity in a matrix, waa run, and the deflections on the recorder were
correlated with the percent composition .
The direct intensity measuring instrument exhibited a precision of analysis of
1
per cent. In all cases the errors contributed by the instrument were smaller than
errors which were due to difficulty in controlling source variations. Operation with
continuous discharge sources, such as flames and the D.C. arc, was satisfactory, but
it was not possible to make_intensity ~easurements of spectra excited in either high-
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frequency or synchronized spark discharges with the instrument in its present form.
This is rather unfortunate because· these sources show much better analytical precision
than the D.C. arc.
It was s!'own, however, that spectral lines scanned past a single multiplier phototube, exit-slit assembly, could be isolated and their intensities evaluated andintegrated
with good precision. It is hoped that further experimentation will make it possible to
use controlled spark discharge of a type which is arc-like in character so that the high
inherent precision of the direct- reader can be realized.

A COMPARISON OF CYTOPLASMIC-GENOTYPIC INTERACTIONS IN A
GROUP OF CYTOPLASMIC MALE STERILE CORN TYPES'
LELAND W. BRIGGLE 2 .
Department of Agronomy
Decided interest has arisen in the application of cytoplasmic male- sterility to the
commercial production of hybrid seed corn. Utilization of this genetic contribution
would presumably allow discontinuance of the detasseling procedure, a somewhat costly
and laborious operation entailed in the production of hybrid seed corn under conventional methods.
Any type of cytoplasmic male-sterility, in order to be suitable for use as a commercial production program, must remain stable in expression of sterility under a
wide range of environmental conditions.
The mode of inheritance must be simple
enough to facilitate transfer to other lines, and effective fertility restorer genes must
be available. The male-sterile character cannot have any adverse effect on yield or
other agronomic characters.
In this investigation a total of eight cytoplasmic male-sterile corn types, each from
a different source, was collected for purposes of comparison and evaluation. An indirect method, that of crossing each to a series of tester lines serving as fertility differentials, had to be adopted to test differ"ences between types of male-sterility. Within
the limits of test crosses made, the U.S . D.A., Brazilian, Vg, and Reid sources were
not greatly different in the cytoplasmic-genotypic interactions involved. The Vg and
Reid types originated from the Iowa Agricultural Experiment Station breeding and genetic material., The Texas form of male-sterility was distinctly different from each of
the other seven sources, as was also the Kye type. Two male-sterile single crosses
were included in the collection tested, M1984 x M14 and J.C.33-16 x MolRF. Although
difficult to compare with the others, the tests made indicate that the two types differ
from each other, and are unlike any of the other sources observed.
In order to compare the various sources of cytoplasmic male- sterility in degree of
environmental influence, each type was planted at three different dates, approximately
two weeks apart. Single crosses involving each of the eight sources with the series of
fertility differential tester lines were included in the date of planting experiment. The
single cross Ml 984 x Ml4 was the only one of the original cytoplasmic male-sterile
stocks to showa.ny significant variability in expressionof male-sterility over the three
planting dates. When the same male-sterile stocks were crossed with the series of
fertility differential testers, a number of the F 1 populations proved to be markedly influenced in expression of the male-sterile character by date of planting.
An experiment was conducted to test individual plants of lines Hy and C .1. 7 for
presence of reported relic heterozygosity of fertility restoring genes. No evidence
for heterozygosity at such loci was found in any of the Hy or C .1. 7 plants outcrossed
to male-sterile inbred lines.
A compa rative morphological study of the incompletely male-sterile single cross
Ml 984 x Ml4 with the fertile reciprocal cross Ml4 x Ml 984 indicated that approximately eight days following meiosis a marked depression occurred in the growth rate
of the anthers of the incompletely male-sterile single cross, both in length and in width.

1Doctoral thesis no. 1502, sulmdttacl January 14, 1954. Chairman of CoDJDittee, G. F.
Sprague, Department of Agronomy.
2B.s., North Dakota State College, Fargo, N.D., 1949. M.s., Ibid., 1951.
Graduate Assistant, Agri_cultural Experiment Station.
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At the same period there was a significant difference between pollen grain diameter in
the two crosses. Further growth and development ceased in about one-half of the pollen
grains in Ml984 x Ml4.
An hypothesis was formulated whereby the incomplete male- sterility of Ml 984 x Ml4
. was explained as the expression of a single gene in conjunction with a specific cytoplasmic factor. The gene is apparently pleiotropic in effect, one expression of which
is the reduced growth and development of the anthers, and the second being the cessation of growth and development of microspores bearing the dominant allele. Deviations
from expectation encountered in the F 2 and backcross populations are attributed to the
action of modifier genes, which apparently have a marked effect on the expression of
the male-sterile character.
The Vg and the Reid sources of cytoplasmic male- sterility seemed to have a similar
interaction of the cytoplasmic components with the genotype of six lines chosen as possible fertility restorers. On the basis of preliminary genetic investigations, a working
hypothesis is presented, assuming that a male- sterile plant involving either the Vg or
Reid type is of the genotype SS or Ss accompanied by the cytoplasmic factor. An inbred
line which restores fertility in theF 1 generation bears a dominant allele designated as
S'. Some type of selective fertilization is involved when using the heterozygote of the
genotype SS' as the pollen parent.
Further genetic studies are suggested on the manner of inheritance of the maleste rile character in the Ml 984 x Ml4 single cross and in the Vg and Reid sources of
cytoplasmic male-sterility.

NUCLEATION OF CRYSTALS OF SPARINGLY SOLUBLE SALTS1
LOUIS MILTON BROWN2
Department of Chemistry
Volmer considered the crystal nucleus to be the agglomerate of ions or molecules
of just sufficient size to be stable in a separate phase in contact with solution of a given
degree of supersaturation. By using reasonable values of interfacial tensions, it is
calculated that crystal nuclei consist of one-hundred or more molecules.
Recent w o rk, based on the kinetics of precipitation, has led to the conclusion that a
v e ry small nurriber of ions is involve d in the nucleus of silver chromate, calcium fluoride , and barium sulfate. In every investigation to the present time, nucleation has
been treated as a process totally separable from the growth process. This assumption
is based on the association of nucleation with the induction period in precipitation
reactions.
In this work the ·formation of crystal nuclei is considered to be a process competitive with growth of these nuclei. The size of the nucleus is defined by the kinetic order
in ions or molecules of the nucleation reaction. The relative rates of nucleation and
growth are estimated by counting the number of crystals obtained from a given supersaturated solution. Effects of variation in degree of supersaturation on the number of
crystals obtained allows a determination of the number of each kind of ion per nucleus
providing a growth rate is known or assumed. Variation of the number of crystals with
te mperature allows determination of the relative activation energies for nucleation and
growth.
The theory outlined above has been tested with three different compounds: tetraphenylarsonium permanganate, tetraphenylarsonium perchlorate and nickel nioxime.
The results for nickel nioxime are the most complete, and they show that either the
nucleation mechanism, or the growth mechanism, or both, is dependent on which precipitating reagent is in excess. The values of 6 Hdiff obtained from experiments with
tetraphenylarsonium perchlorate indicate that the above fact is also true for that salt.
The results obtained from data concerning tetraphenylarsonium permanganate are not
considered reliable because of evidence of side reactions during the precipitations.
1Doctoral t hesis no. 1489, submitted December 14, 1953. Chairman of Committee,
Frederick R. Duke, Department of Chemistry.
2 B.s., University of Oklahoma, Norman, Okla., 1950. Research Assistant, Institute
f or Atomic Research.
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The method of estimating the number of crystals produced in precipitation of nickel
nioxime was different from that used for the other two salts.
In runs producing the tetraphenylarsonium salts, the number of crystals per liter
was found from the average volume per crystal. With nickel nioxime, N was found by
direct count of the crystals in an aliquot of reaction mixture. The later procedure is
much better,, for it eliminates many errors which occur in the former.

THE FREE ENERGIES OF COMPLEX FORMATION AND OF ACTIVATION
FOR THE REACTION OF PERIODATE ION WITH GLYCOL 1
VERNON C. BULGRIN 2
Department of Chemistry
The kinetics of the periodic acid cleavage of ethylene, propylene, meso- and levobutylene and trimethylethylene glycols, and of pinacol were investigated, with the following objectives:
1. To determine the rate and equilibrium constants for a series of glycols, and the
thermodynamic functions for complex formation and for activation.
2. To investigate the variation in rate of reaction with pH, in an attempt to explain
the previously reported anomalous behavior of pinacol.
3. To ascertain whether or not a relationship might exist between the equilibrium
constant for complex formation and the rate constant for disproportionation of
of the complex.
4. To obtain more information about the nature of the reactive species.
Rate s of oxidation of the above glycols were determined at o"c and another temperature. The analytical technique used in most cases involved quenching a reaction aliquot
in a bicarbonate-buffered solution of potassium iodide containing excess standard sodium arsenite. The excess arsenite was titrated with standard iodine solution to determine the total periodate, PT' at the time .of sampling.
All of the glycols except pinacol reacted according to the mechanism:

ro..

K

+ Glycol

~

rapid

k

Complex

slow

Products.

The variation of rate wi,.th acidity for these glycols was demonstrated to be explainable on the basis of the availability of negative periodate ion, presumably 104 - •
Rate {k) and equilibrium {K) constants were determined, and the thermodynamic
functions at 0° C calculated and tabulated. There appeared to be no systematic relationship between the rate and equilibrium constants .
The rate of oxidation of pinacol in acid solution was shown to be given by the expression:

Rate constants k 0 and kH were determined at two temperatures and the activation energies estimated on the basis of a bimolecular reaction between a glycol species and
1
It was suggested that the pinacol oxidation proceeds through preliminary formation of a mono-periodate ester.

o,-.

1Doctore.l thesis no. 1437, suhnitted July 15, 1953. Chairman of Committee, Frederick
R. Duke, Department of Chemistry.
2 B.s., University of Akron, Akron, Ohio, 1948. Research Assistant, Industrial Science
Research Institute.
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TITRATIONS INVOLVING COBALT IN ETHYLENEDIAMINE SOLUTION'
JOHN PARKMAN BUTLER 2
Department of Chemistry

Of the various volumetric methods for the determination of cobalt, probably the
most widely used is the ferricyanide titration using ammonia as the complexing agent
for the cobaltic ion. The method has been applied with success to the analysis of steels,
ores, and non-ferrous alloys. In practice, the titration is followed potentiometrically
and the back titration of excess ferricyanide with cobalt nitrate is recommended. The
potential break at the equivalence point is about 0. 2 v. and citrate must be added to
prevent the precipitation of various other metal hydroxides. Manganese is the principle
interfering element.
The present thesis is concerned with an improvement on the ferricyanide titration of
cobalt by replacement of ammonia with ethylenediamine.
The advantages in using
ethylenediamine in place of ammonia were readily apparent. The cobaltous-ethylenediamine complex is a stronger reducing agent by some O. 5 v. than the corresponding
ammonia-cobalt system; the potential break at the equivalence point in the titration is
thus augmented by a similar amount. The determination can be carried out as a direct
titration in most cases. If a suitable complexing agent is used cobalt may be determined in the presence of manganese.
As in the titration using ammonia, the presence of the salt as well as the free amine
is essential. If ethylenediamine alone is present the potential drifts seriously; when
both free diamine and its salt are present the potential rapidly reaches a steady state.
The ethylenediammonium salt is conveniently formed in situ by neutralizing the acid
remaining after dissolution of the sample.
The experimental procedure calls for dissolution of the sample in nitric and hydrochloric a c ids, and subsequent fuming with perchloric acid to remove nitric acid. The
residue is then cooled, diluted, and boiled for several minutes. If chromium is present
hydrogen peroxide is added to reduce this element to the chromous ion; excess peroxide
is removed by boiling. The cooled solution is transferred to the titration vessel and
either citrate or sulfosalicylate added as required. Nitrogen is bubbled through the
solution for 15 minutes to remove dissolved oxygen. Ethylenediamine is then added
and the solution titrated with 0.01 N potassium ferricyanide. The titration is followed
potentiometrically using platinum and saturated calomel electrodes.
The prese~t metho d was applied with success to a representative stainless steel and
to a series of cobalt bronzes.. The direct titration was applicable in all cases except
that of a silver-bearing cobalt bronze . In this instance it was found that the cobaltousethylenediamine complex reduced silver to the metal, and redissolution of the silver
during the titration with ferricyanide gave erratic results. For this reason the back
titration of excess ferricyanide with cobalt sulfate was used.
The choice of complexing agent for ferric iron is dependent on the composition of
the sample. If manganese is absent, citrate may be used to prevent the precipitation
of metal hydroxides in alkaline solution. In the presence of manganese, however, citrate cannot be used; the ma.nganese-citrate complex is oxidized by ferricyanide and this
oxidation occurs concomitantly with that ot the cobaltous-ethylenediamine complex.
Sulfosalicylic acid effectively complexes ferric iron and permits the successive titration of cobalt and manganese in the same sample; manganese is oxidized to the trivalent
state in the process.
The determination of cobalt in Bureau of Standards 153 steel was studied extensively.
This steel contains macro amounts of chromium, vanadium, molybdenum, tungsten,
and cobalt, and smaller amounts of manganese and phosphorus. The peroxide reduction
of chromium could not be used due to the formation of stable peroxy acids of tungsten
and molybdenum which interfered in the titration. Use of sulfosalicylate was ruled out
since this reagent reacted with dichromate in acid solution. Furthermore, the direct
titration procedure was inapplicable due to the interference of three-component mixtures of tungsten, vanadium, and chromium. The partial solution to the problem of
determining cobalt in this steel was to use citrate as the complexing agent and back
1Doctoral thesis no. 1542, submitted June 2, 1954. Chairman of Committee, Harvey
Diehl, Department of Chemistry.
·
2 A.B., Amherst College, Amherst, l!sssachusetts, 1950. M.s., Iowa State College, Ames,
Iowa, 1952. Research Fellow, Industrial Science Research Institute.
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titrate excess ferricyanide with cobalt sulfate. Fair precision was obtained by this
method. No separations were necessary prior to the titration and the method is rapid.
The complex nature of the steel would account for the failure to obtain better precision ;
results ranging from 8 .18-8 . 51 per cent cobalt were obtained, while the accepted value
is given as 8 .45 per cent.
The second part of this thesis was concerned with the use of ethylenediamine solutions of cobalt sulfate as reducing agents for organic and inorganic compounds. The
formal reduction potential for the cobaltous - cobaltic couple in ethylenediamine solution
was found to be approximately -0. ZS v. Hence, cobalt sulfate in ethylenediamine solution was expected to reduce dichromate, permanganate, and other similar oxidizing
agents.
No reaction was observed between ethylenediamine solutions of cobalt sulfate and the
following anions: chromate, molybdate, vanadate, stannate, uranate, and arsenate.
The titrations with cobalt sulfate were run .at room temperature and were followed potentiometrically . In the case of chromate, a calculation indicated that a reaction should
have occurred; apparently kinetic phenomena are involved. The reduction potentials of
the other anions studied are so lowered in alkaline solution as to render reduction by
the cobaltous-ethylenediamine complex unlikely.
Permanganate was found to react with cobalt sulfate in ethylenediamine solution .
Some oxidation of organic matter was observed and results for permanganate were not
stoichiometric. A solution to this problem was found by adding permanganate to an
acid soluti on of ferricyanide and back titrating the ferricyanide so produced . Phosphate
was added to prevent the reoxidation of manganous ion by ferricyanide in alkaline solution.
No reaction was observed between copper or m e rcury and cobalt sulfate in ethylenediamine solution . Apparently the bivalent complexes of these metals with ethylenediamine were not reduced to the corresponding monovalent complexes. Reduction of m e rcury to the free metal by treatment with cobalt sulfate in ethylenediamine solution was
likewise ineffective . Silver was reduced to the metal, but the reaction was so slow as
to be useless as an analytical method.
The attempted reduction of organic nitro compounds with cobalt sulfate in ethylenediamine solution met with failure. Picric acid and .e_-nitrophenol failed to react with
this reagent at reflux temperatures. The cause of this is thought to lie with the pH
dependence of organic reductions.

SPECTROPHOTOMETRIC DETERMINATION OF THORIUM WITH THE
TRISODIUM SALT OF Z-(Z-HYDROXY-3, 6-DISULFO-l-NAPHTHYLAZO)BENZENEARSONIC ACID AND SOME PROPERTIES OF COMPLEXES INVOLVED 1
CAROL HUNTER BYRD2
Department of Chemistry
The sodium salt of Z·-(Z-hydroxy-3, 6-disulfo-l-naphthylazo)-benzenearsonic acid,
hereinafter referred to as thorin, has been extensively employed as a reagent for the
spectrophotometric determination of thorium in recent years. No studies of the nature
of the reaction between thorin and thorium have been reported. In this work, an examination of some properties of the complexes involved has been initiated.
An investigation of the change in the absorption spectrum of the thorin with pH
showed that as the hydrogens are removed from the arsono group the equilibrium is
shifted toward the hydrazone form of the dye. Solutions of the reagent are stable at
low pH, but at neutral and high pH values there is a change with time. Corrected pK
values for the dissociation of the hydrogens of the arsonic acid were obtained from the
data. The values were 3 .36 and 7. 9Z, about O. 5 lower than. the potentiometrically determined values. The pH change of the absorption spectrum of the predominant complex in excess reagent showed that the maximum difference between the reagent and

1Doctoral theais no. 1380, su'llaitted April 9, 1953. Chain.n ot Coaaittee, Charles w.
Banks, Department ot Chemistry.
2B.s., Southeast Missouri State College, Cape Girardeau, Mo., 1947. Research Assistant,
Institute tor AtOlllic Research.
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complex absorption occurs at low pH values, in the vicinity of 1. 00, and in the region
of 540 mµ.. Subsequent studies were made at pH of 1. 00. At neutral and higher pH
values, the absorbance changed with time. At a low pH the solutions were stable.
A time study on a series of solutions prepared according to Job's method of continuous variations was carried out. The concentrations employed were 10-5 to lo-• M.
On standing the absorbance increased slightly at first, then levelled off for several
days, and finally a precipitate developed in all solutions in which the molar ratio of
thorin to thorium was less than four to one. Apparently this several day interval of
constant absorbance was a metastable equilibrium state.
A Job's plot of the data indicated the predominant species was one having a ligand
to metal ratio of 3 :2 . Titration of thorium solutions with th or in solutions, at concentrations of approximately 10-z M, to the point of solution of the precipitate initially
formed also indicated this ratio. Failure to obtain identical molar absorptivities in an
excess of either reactant suggested the presence of several complexes. The charge on
all complexes appeared to be negative, but the results were not cmclusive.
Plots of absorbance data from series of solutions prepared according to the molar
ratio method were made. Efforts to fit dissociation constants for several postulated
equilibria to these data were unsuccessful.
The precipitate was isolated, dried at 105 ° C for several days, and analyzed for
thorium, nitrogen, and water. The results showed it to be a compound containing two
waters of crystallization in which the molar ratio of thorin to thorium was 1: 1.
The optimum conditions for the spectrophotometric method were established. Methods for determining from 20 to 2, 000 µ.g thoria were developed. The principal cation
interferences are iron(Ill), bixmuth(III), rare earths, uranium(IV and VI), titanium(IV),
and chromium (Ill). Principal anion interferences are phosphate and sulfate.
A rapid method for the determination of thorium in monazite sands was developed.
The procedure involves (1) fusion of the sand with potassium hydrogen fluoride and
separation of the insoluble rare earth and thorium fluorides by centrifugal action,
(2) solution of the fluorides in a saturated aluminum nitrate solution acidified with
nitric acid, (3) extraction of the thorium into mesityl oxide and reextraction into water,
and (4) the spectrophotometric determination of the thorium in the extract with thorin.

SOCIOMETRIC SCORES OF HIGH SCHOOL STUDENTS AND THEIR
RELATIONSHIP TO SELECTED VARIABLES OF FAMILY LIVING1
KENNETH LYNN CANNON2
Department of Economics and Sociology
This study was an exploratory study of social acceptance scores and their relationships to the family variables of socioeconomic status and place or residence (farm or
town). The study was designed to contribute to the development of a North Central
Region Cooperative Study on "Family influences on personality development."
In this research answers were sought to specific questions, including: 1. What is
the degree of stability of the · high school group' e acceptance of its members over periods of one, two, and three years; 2. What is the relation between the student's acceptance by the high school group and: (a) the socioeconomic statue of his family, (b) level
of educational maturity, (c) place of residence and sex, (d) place of residence and sex
with socioeconomic status and level of educational maturity held constant, and (e)
socioeconomic status and level of educational maturity by place of residence and sex·.
Method of Procedure
The study was conducted in a rural high school located in a small town in Eastern
Nebraska, which had been selected on the basis of criteria designed to insure the typicality of the school and community. The student enrollment approximated 100, and the

1Doctoral thesis no. 1563, submitted June 8, 1954. Chairman o! Committee, Ray Eo
Wakeley, Department o! Economics and Sociology.
2B.s., Brigham Young UniTersity, ProTo, Utah, 1935. M.s., Iowa State College, Ames,
Iowa, 1948.
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town population, l, 000. Slightly over one-half of the students lived on farms and had
attended the first eight grades in one-room rural schools.
A four-item sociometric test developed by Dr. Ruth Staples was used to measure
the group's acceptance of the students. The number of choices on each item was not
limited. The test was given at yearly intervals during four consecutive school years,
1949-50 to 1952-53.
·
The family socioeconomic status rating was the composite of the ratings made by
four residents of the community selected to act as judges. The Hermann Socioeconomic
Status Scale was used for one year, but was found unsuitable for the purposes of this
research. A zero order correlation coefficient between the ratings by the judges and
the Hermann Scale produced an r of 0.430 (N = 103, l per cent level). The r obtained
between the Hermann ratings and social acceptance scores of 103 students was 0.021.
Coefficients ranging from 0. 314 to 0. 681 were obtained between ratings by the individual judges, (N = 125, 1 per cent level).
To measure the degree of stability of social acceptance scores zero order correlation was used. The significance of the changes in mean scores between the ~-a:rious
grades was determined through the use of the "t" test.
Statistical analysis was simplified by dividing students into four sub-groups: f~m
girls, farm boys, town girls, and town boys, and the number in each group was rc:..sluced
to 79 through sampling (the number of students in the sub-groups ranged -from 79~t3'-ll4).
Other statistical measures used included partial and multiple correlation, chi square,
and covariance.
Findings
In spite of a general tendency for social acceptance scores to increase as students
progressed through the high school (several of the differences between class means
were statistically significant), the degree of stability of the acceptance scores was high
as measured by zero order correlation. Scores received by the members of nine classes on tests given a year apart produced r's which ranged from O. 706 to O. 934. For
an interval of two years, the r's for four classes ranged from 0. 607 to 0. 907. The r
obtained for one class between scores on tests given three years apart was O. 835.
Social acceptance scores and family socioeconomic status were positively and significantly related for the total student group when level of educational maturity was
held constant through partial correlation. The r equaled 0.388 (N = 316, l per cent
level) . However, distinct differences were found between farm and town students with
respect to this relationship which was significant for farm students but not for town
students. The r values were town girls 0 . 575, town boys 0.501, farm boys 0.127, and
farm girls 0.056 (N :' 79 for each subgroup) .
The acceptance scores averaged for the 158 farm students 16.9, for the 158 town
students 24. 5, for 158 girls 21. 8, and for 158 boys 19. 6. Covariance was used to hold
socioeconomic status and level of educational maturity constant. The differences between the scores received by farm and town students and boys and girls were statistically significant .
Farm girls received a smaller proportion of their acceptance choices from boys
than town girls, and farm boys received a smaller proportion of their acceptance
choices from girls than town boys . Chi square analysis produced significant differences .
Social acceptance and level of educational maturity were significantly related for
the total group, farm boys, and town boys, but not for farm and town girls. Partial
correlation was used to hold socioeconomic status constant. The r's were: total group
0.223, farm boys 0.308, town boys 0 . 277.
The relationship between social acceptance, socioeconomic status, and level of educational maturity was determined through the use of multiple correlation. The r's obtained were statistically significant for the total group 0.439, town girls O. 607, town
boys 0.543, farm boys 0.335, and farm girls 0.223.
Discussion of Findings
The substantial relationship found between the social acceptance scores for periods
of one, two, and three years may reflect the effect of the size of the high school and
the community, on the basis of the extent to which the school and community approach
the concept of the primary group . The apparent paradox of significant changes in the
means of class scores between grades and the high degree of stability as measured by
correlation is resolved when it is realized that correlation is essentially a measure of
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ratio of two variables and that scores can increase proportionally from one year to the
next and hence maintain a high stability in the sense of relatedness of scores, even
though substantial changes have occurred in the actual social acceptance scores. The
unlimited number of choices allowed students on the tests and the fact that the test contained more than one or two items may have contributed to the degree of stability found.
The difference between boys and girls in respect to social acceptance is statistically
significant but the actual difference is so small that it probably lacks social significance. The substantial difference between farm and town students illustrates the difference in their situation when they enter high school. This difference may also reflect
the more limited opportunity which farm students have for association with their age
mates in the rural school.
The distinct differences between farm and town students with respect to the relationship of social acceptance and socioeconomic status suggests the possibility that the farm
student is more on his own in the high school and that awareness or lack of awareness
of the farm student's family socioeconomic status may be the factor involved.
CONCLUSIONS

The conclusions directly apply to the students, the high school, and the community
included in this study. The possibility that similar results would be discovered in additional studies conducted under like conditions is suggested by the fact that the high
school and rural community where this study was made are typical of high schools and
rural communities of comparable size and composition in Nebraska and other parts of
the Middle West. Each conclusion is supported by statistical findings of the study.
1. The acceptance scores of high school students increase as the students progress
through high school. In spite of the changes over time, the stability of the group's
acceptance of its members persists for periods of one, two, and three years.
2. The acceptance of town students by the high school group is positively related to
the socioeconomic status of their families.
3. The acceptance of farm students by the high school group is not related to the
socioeconomic status of their families.
4. Farm students are !es swell-accepted by the high school group than town students.
5. Boys are less well accepted than girls by the high school group.
6. Farm students received a smaller proportion of their acceptance choices than
did farm students from members of the opposite sex.
7. The acceptance of students by the high school group, the socioeconomic status of
their families, and their level of educational maturity were positively related.
This relationship was also found for the sub-groups of farm girls, farm boys,
town girls, and town boys.

CYTO-HISTOLOGICAL RESPONSES OF PLANT MERISTEMS
TO MALEIC HYDRAZIDEl
JOHN BERNARD CARLSON2
Department of Botany and Plant Pathology
This study was undertaken to investigate the morphological responses of the seedling meristems of three crop species: oats, Avena sativa L., var. Shelby; m~ize,
Zea mays L., yellow, dent hybrid Ohio C-92; and soybeans, Glycine ~x (L) Merr.,
var. Hawkeye, to maleic hydrazide (MH).
Seeds of these plants were treated by soaking in aqueous solutions of O. 025, 0. 05,
0 .1, and 0. 2 per cent MH at 8 • C. Some seeds were soaked in water as checks. Oats
and maize were soaked 48 hours, and soybeans 24 hours.
After soaking, the seeds were germinated by one of two methods. Some seeds were
planted in pots filled with a fertilized loam and placed in the greenhouse. Seeds were

1Doctoral thesis no. 1432, submitted July 12, 1953. Chail'llllll1 of COlllllittee, John E.
Sass, Department of Botany and Plant Pathology.
2B.A., St. Olaf College, Northfield, Minnesota, 1950. Graduate Assistant.
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also planted in moist Sphagnum moss in plastic germination chambers and placed into
a 20-30°C gerrninator.
No decrease in germination percentage results from MH treatment at the concentrations used, but there is a one or two day delay in the emergence of the radicles and
shoots of the treated seeds. Both root and shoot growth are much retarded, and root
growth is inhibited more than shoot growth.
An increase in size occurs in root and plurnular organs. Many root tips become bulbous, and shoots become much enlarged. Thickening of the coleoptile, seminal leaves
and stern apex of oats and maize occurs. A similar thickening occurs in the seminal
leaves and stern apex of soybeans. This enlargement of the organs of the three species
is due to an extensive vacuolation and enlargement of the cells of all tissues of the
seedling, associated with an increase in inter cellular space. The nuclei of the enlarged
cells are also abnormally large.
Some starch is normally present in the leaves, sterns and roots of untreated plants
of oats, maize and soybeans, except at oat roots. In treated plants a considerable
accumulation of starch is present in these tissues. Starch is also found in the youngest
cells of the stern and root apices of treated plants.
Roots may develop hairs to the tip and have. mature vascular tissues up to 0.1 mm.
of the tip. Mature vascular tissues occur also in leaf prirnordia. Soybean stern tips
have epidermal hairs on the tunica of the youngest leaf and on the apical rneristern.
The apices of the stern and root lose their rneristernatic function and produce no new
tissues or organs.
For several days after the germination of seeds treated with 0 .1 per cent MH, the
growth of the seedlings is evidently due entirely to enlargement of the cells which were
present in the dormant embryo. No mitosis was noted up to seven days in maize, or
up to ten days in soybeans. Mitosis did resume to a limited extent in oats at four to
five days.
When mitosis is resumed in oats, mitotic abnormalities become apparent. Extensive breakage of chromosomes occurs. Chromosomes and fragments of chromosomes
are lost on the spindle or move into the cytoplasm where they form rnicronuclei. Many
bridges are formed, which may indicate ch_rornosorne stickiness. Chromosome breakage may be due in part to this stickiness. Cytokinesis app~ars to be normal, however,
the daughter cells are rnultinucleate.
The foregoing observations describe the responses of s·eedlings developing from
seeds treated while dormant. For comparison, an experiment was designed to investigate the effects of MH on tissues that were treated ·during active growth. Seeds of
oats, maize, and soybeans were germinated on wet blotting paper at room temperature.
When the primary roots were about two centimeters in length, the seeds were transferred to germination chambers kept at z5"c and containing blotters wet with 0.05 per
cent MH. Collections for cytological study were made periodically.
Mitosis is inhibited by MH treatment. Frequency of mitosis in actively growing
tissues drops very quickly after exposure to MH. After four hours of exposure to MH,
mitotic frequency in root tips drops to 30-40 per cent of the check, and by 48 hours,
mitotic activity ceases completely. Chromosome breakage and bridges occur.
The volume of the nucleoli of root tip tissues increases greatly after exposure to
MH ••This increase in volume is attributed to an increase in the food supply of the root
tip, as shown by starch accumulation. Persisting nucleoli are found throughout the
entire mitotic cycle, presumably a direct result of the increased nucleolar volume.
There are no visible changes in the mitochondria after MH treatment.
Extensive cell enlargement, the formation of root hairs to the extreme tip, and
"precocious" vaacularization become evident, similar to the responses of seedlings
developing from seeds treated while dormant.
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SOME STUDIES ON THE URANIUM-THORIUM-ZIRCONIUM
TERNARY ALLOY SYSTEM1
OSCAR NORMAN CARLSON'
Department of Chemistry

Alloys of the uranium-thorium-zirconium system have been investigated by thermal,
microscopic and X-ray methods. The uranium-thorium binary system has been studied
and a phase diagram proposed. In this system there is a eutectic at 1086 ° C and 3 weight
per cent thorium. A region of liquid immiscibility. exists above 13 75 ° C between the
compositions 8 weight per cent and 72 weight per cent thorium. A method of determining the boundary of the liquid area has been described. This method consisted, briefly,
of maintaining the alloys at a constant temperature allowing the two liquid layers to
separate and determining the composition of each layer by chemical analysis. The
thorium liquidus, which rises sharply from the eutectic, was determined in a similar
manner. Excess solid thorium was immersed in molten uranium at fixed, elevated
temperatures until equilibrium was established. From chemical analysis the amount
of thorium dissolved was ascertained establishing a point on the liquidus curve. No
solid solubility was observed in either component and no intermetallic compounds were
found.
The thorium-zirconium binary system has also been investigated and a phase diagram, likewise, has been proposed. There is a minimum in the solidus-liquidus curves
at 1275°C and 25 weight per cent zirconium. The solid solubility of zirconium in thorium has been estimated from X-ray measurements and from microstructures to be about
5 weight per cent zirconium. The solubility of thorium in alpha zirconium appears to
be negligible. Above 900°C in the region of beta zirconium the solid solubility in either
component is more extensive. Microscopic examination of alloys quenched from above
900°C indicates that .a continuous solid solution region lies beneath the solidus line.
Some evidence for a high temperature allotropic form of thorium has been presented
and its possible existence discussed. There is eutectoid at 70 weight per cent zirconium and 645 ° C. No compounds which are stable at room temperature were observed.
The literature of the uranium-zirconium system has been reviewed. Beta zirconium
and gamma uranium have been reported to exhibit extensive solid solubility in one
another.
Present investigations indicate that a eutectoid point exists at 687° C and
approximately 10 weight per cent zirconium.
A preliminary survey of the ternary alloy system has failed to reveal a minimum in
the liquidus of the three component system.
1 Doctoral thesis no. 1051, submitted June 5 0 1850. Chairman of Committee, Harley A.
Wilhelm, Department of Cl:emietry.
2 B.P., Yankton College, Yankton, South Dakota, 1943. Research Assistant, Institute
for Atomic Research.

HISTOCHEMICAL REACTIONS IN VERTEBRATE TESTES 1
LARRY FRED CAVAZOS'
Department of Zoology and Entomol<>«Y
A comparative histochemical study of vertebrate testes was carried out on sexually
rliature males representing the classes Mammalia, Aves, Reptilia, Amphibia, and
Pisces. Lipid and periodic-reactive carbohydrate distribution were examined as to
their morphological localization in the bull, ram, rat, guinea pig, rooster, the horned
lizard, Phrynosoma cornutum (Harlan), the frog, ~ pipiens, and the bluegill fish,
Lepomis macrochirus Rafinesque.
In order to dernonsrate the lipid components of the vertebrates studied, the follow-

1 ooctoral thesis no. 1529, submitted May 18 0 1954. Chairman of COllllllittee, Robert M.
Melampy, Department of Animal Husbandry.
2 B.A., Texas Technological College, Lubbock, Texas, 1949. M.A., Ibid., 1951.
Associate, Industrial Science Research Institute.
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ing methods were employed: Sudan black B, oil red 0, the Ashbel-Seligman reaction,
the Schultz test for cholesterol, polarization microscopy after digitonin treatment, and
Baker's acid hematin test for phospholipids. For the localization of periodic acidreactive carbohydrates, the staining technique was the periodic acid-Schiff method(PAS~
Following use of the Sudan dyes, lipids were noted in the interstitial cell cytoplasm,
the basement membrane, and the cytoplasm of the Sertoli cells, spermatogonia, spermatocytes, and spermatids of all species studied with the exception of the bluegill fish.
In the bluegill, lipids were visible in the germ cells and in the interlobular connective
tissue sheath. A positive Ashbel-Seligman reaction was obtained in the Leydig cells of
all species examined, except in the case of the rooster and the fish. With the aid of
Baker's acid hematin test, phospholipid was found in the testicular cell types of the
species studied . This method was not applied to the bluegill fish testis. Schultz-positive material was noted in the Leydig cells of the bovine, ram, rat, guinea pig, horned
lizard, and frog. Birefringent crystals were present in the Leydig cells and seminiferous tubules of the frog.
In this investigation, the comparable results obtained as to lipid localization in the
various species studied suggest the possible widespread distribution of these substances
in the Leydig, Sertoli, and germ cells of closely related species as well as those which
are even more distant in taxonomic classification.
The chemical nature of substances giving a positive PAS reaction has been discussed.
With the aid of the PAS technique, glycogen was identified in the tunica albuginea of
Phrynosoma cornutum; in the Leydig, Sertoli, and germ cells of the lizard and frog,
as well as in the connective tissue sheath on the bluegill fish testis. Schiff-positive
material was localized in the interstitial cells, walls of blood vessels, basement membrane, and the cytoplasm of the Sertoli and germ cells of the various species examined
with exception of the fish. In the case of the latter species, PAS-positive staining was
visible in the interlobular connective tissue. The acrosomic system, arising in the
idiosome and forming the acrosome of spermatozoa, was described in the bovine, ram,
rat, guinea pig, chicken, and horned lizard.
The possibility is suggested that the four phases of spermiogenesis, as observed
with the PAS technique (Golgi, cap, acrosome, and maturation phase), might be found
in even more diversified species than those studied in this investigation.

THE METABOLISM OF GLUCOSE BY PSEUDOMONAS AERUGINOSA 1
CHARLES ALFRED CLARIDGE 2
Department of Bacteriology
Washed cells of Pseudomonas aeruginosa oxidize glucose, gluconate and 2-ketogluconate to a comparable degree. Iodoacetate and fluoride do not influence these oxidations at concentrations which inhibit the oxidation of glucose and gluconate by Escherichia coli. The difference in activity of these inhibitors reflects a difference in the
metabolism of these compounds by these two organisms. Low concentrations of fluoride actually stimulate the uptake of 0 with glucose and gluconate by Pseudomonas
aeruginosa sufficiently to account for the complete oxidation of these two compounds.
Pseudomonas aeroginosa will not form acid anaerobically from glucose or 2-ketogluconate, whereas Eschericia coli will form acid from glucose. This may be taken
as indication of the absence of -;-g1ycolytic scheme in Pseudomonas aeruginosa and
shows a difference from Escherichia coli which is known to possess such a scheme.
Cell-free extracts of Pseudomonas-;;;-ruginosa will form 2-ketogluconate from glucose and gluconate. 2-Ketogluconate is not metabolized. With radioactive glucose as
a substrate, gluconate has been shown as an intermediate in the conversion to 2-ketogluconate. No other products were detected by paper chromatographic and radioautographic techniques. This conversion does not involve phosphorylated intermediates.
The cell-free extracts will metabolize glucose-6-phosphate, but the activity on this

1Doctoral thesis no. 1465, sullnitted Deoember l, 1953. Chairman or COlllDittee, c. H,
Werkman, Department of Bacteriology.
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compound can be removed by extensive dialysis leaving the system forming 2-ketogluconate from glucose intact. No coenzyme or cofactor requirements have been demonstrated. The oxidation of glucose and gluconate occurs at an optimum of pH 6. 5 to
6.8. Cyanide is a powerful inhibitor of this reaction giving evidence for the possible
presence of a cytochrome-type carrier.
Pseudomonas aeruginosa cell-free extracts will phosphorylate glucose and gluconate
which indicates the presence of the enzymes hexokinase and gluconokinase. However,
kinases for the compounds galactose, mannose, fructose, Z-ketogluconate, ribose,
xylose, and arabinose are absent. In addition to the twokinases, the glycolytic enzymes
aldolase and triosephosphate dehydrogenase were found. The optimum activity for aldolase was at pH 8. 3.
Coenzyme I was reduced in the presence of hexose-diphosphate, glycose-6-phosphate,
ribose-5-phosphate, and fructose-6-phosphate but not withgluxose-1-phosphate, gluconate, 2-ketogluconate, glucose, ribose, or arabinose. A similar situation occurred
with Coenzyme II except that in the presence of hexose-diphosphate the reduction was
almost instantaneous and with ribose-5-phosphate there was no reduction.
Because cell-free extracts are inactive upon 2-ketogluconate, whole cells were used
to study the further metabolism of this compound . Radioactive glucose was prepared
by photosynthesis and then converted to 2-ketogluconate by the cell-free preparation of
Pseudomonas aeruginosa. The 2-ketogluc onate was separated by paper chromatography
and radioautography. Whole cells were allowed to metabolize the labelled 2-ketogluconate for varying periods of time, the reaction stopped and deproteinizetl with acid, then
the supernatant concentrated, separated into neutral, cationic and antionic fractions
with ion exchange columns, and chromatographed on Whatman No. 1 filter paper. From
the multitude of radioactive spots that appeared the following radioactive compounds
.have been identified: arginine, glutamic acid, alanine, lysine, histidine, cysteine, a
leucine, citrate, succinate, lactate, furnarate, malate, · Ct -ketoglutarate, pyruvate,
malonate, dihydroxyacetone, glucose, phosphate, a nucleotide and other phosphate esters.
In addition, several other radioactive compounds remain unidentified.
The identification of the amino acids is strong evidence for an assimilatory mechanism operative during the oxidation of 2-ketogluconate. The presence of the organic
acids indicates the possibility of a tricarboxylic acid cycle for terminal respiration.
The formation of malonate is interesting in the light of its role as an inhibitor of succinate oxidation.
The unidentified radioactive compounds do not appear to be common intermediates
in known pathways of glucose metabolism. Their identification should prove of importance in the formulation of a mechanism for 2-ketogluconate oxidation. It is apparent
that the metabolism of glucose by Pseudomonas aeruginosa is quite different from the
accepted Embden-Meyerhof pathway known to be possessed by many organisms. However, several encymes of this latter pathway have been detected and the possibility
exists that more than· one type of glucose degradation occurs in.this organism.

HISTORY OF AGRONOMY AT THE IOWA STATE COLLEGE1
ROBERT M. COLLINS'
Department of Vocational Education
The work in agronomy at the Iowa State College has made many notable contributions
to the science and art of agriculture in Iowa and in the nation. The present study traces
the development of these contributions from the opening of the college in 1869 to the
present, 1953. · The history of resident teaching in agronomy constitutes the main
theme of the study.
The first faculty of the Iowa Agricultural College and Farm consisted of nine persons. From 1869 until 1891 there was usually one staff member in agriculture, and
the largest number of bachelor's degrees granted in this field in a single year before
1900 was 14.
1

.
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In the early years of the college there was no organized body of agricultural knowledge that could be systematically taught. Very few people anywhere in the United States
were trained in the science of agriculture but a number of persons had received degrees in chemistry, physics, and other sciences. As a result there was a tendency to
emphasize the sciences in the new agricultural curricula. However, two of the early
professors of agriculture at the Iowa Agricultural College were employed because they
had been successful as practical farmers.
The value of research in expanding the knowledge of agriculture was recognized
early by individuals and groups in Iowa. The Iowa State Horticultural Society was especially vocal in urging that the college conduct research.
Agricultural research
started soon after the opening of the college. The passage of the federal Hatch Act in
1887 and the establishment of the Iowa Agricultural Experiment Station in 1888 gave
great impetus to research work in agriculture.
From 1891 the number of staff members fo. agriculture gradually increased . In 1897
students in the senior year in agriculture were permitted to select courses from any
one of four groups in the curriculum in agriculture. The following year, agriculture
was made a division of the college and was subdivided into the five departments; namely,
Practical Agricultura, Dairying, Animal Husbandry, Horticulture, and Agricultural
Chemistry.
The Department of Agronomy, established in 1902, was the outgrowth of the Department of Practical Agriculture although work of an agronomic nature had also been included in other areas, particularly in the Department of Agricultural Chemistry.
Work in agronomy had not been especially emphasized at the college prior to 1891.
From 1891 to 1902 the emphasis on work in this area increased. The new Agronomy
Department started with prestige due to the appointment of P. G. Holden as head.
Holden came to the college with a national reputation which he had made from his work
in Illinois. He remained as the Head of the Department, which included work in farm
crops , soils, farm mechanics, and farm management during that time, until 1906 when
he became head of the extension work at the college.
M. L. Bowmanwasinchargeoftheworkinfarmcropsfroml906to 1909 . W. H.
Stevenson was in charge of the work in soils during this time. In 1909, Stevenson was
designated the Head of the Agronomy Department and continued in this capacity until
1931 . P.E. Brown succeeded to the headship and served until his death in 1937. W .H.
Pierre has been the Head of the Department from 1938 until the present (1953~ H. D.
Hughes headed the work in farm crops from 1910 until 1947 when he retired from administrative responsibilities and was succeeded by I. J. Johnson who is presently serving in this capacity.
The farm crops and soils work was located in the first Hall of Agriculture (now Botany Hall) from 1902 to 1909. In the latter year the department moved to the new Hall
of Agriculture (now Curtiss Hall). The department remained in this location until the
completion of the new Agronomy Building in 1952.
The total number of farm crops and soils courses changed frequently during the
years between 1902 and 1931. Since 1931 the agronomy cc>.irses have been more stable
and the tendency has been for a small amount of expansion in the number of courses
rather than the substitution of one course for another. Throughout the years from
1902 to 1953 the content of courses has been revised in order to integrate the new
knowledge gained from research.
Students in agronomy were members of the Agricultural Club during the early years
of the department. This club included students from the entire Division of Agriculture.
About 1915 the Agronomy Club was established. In 1932 this organization became the
Student Section of the American Society of Agronomy.
Short courses have been an important part of the work in agronomy at the Iowa State
College. In the first year of the department (1902) a short course in corn and grain
judging was held. After 1925 short courses were offered in a great er number of specialized fields. The Soil Management and Land Valuation Short Course has been conducted continuously since 1925 with the exception of two years "during World War 11.
From 1910 to 1930, noncollegiate work in agronomy played an important part in the
work of the Division of Agriculture. A number of noncollegiate courses in farm crops
and soils were offered during these years. Usually one noncollegiate course in agronomy ha• been offered since 1930.
The first master's degrees in farm crops and soils were granted in 1905. Agronomy
was one of the departments authorized to give work leading to the degree of Doctor of
Philosophy when the Iowa State College was authorized to grant this degree in 1915. By
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July, 1952, the total number of doctor of philosophy degrees that had been granted in
all areas by the Iowa State College was 1, 330 . Of this number, 156, or 11. 7 per cent,
had been granted in agronomy. Graduate work by members of the staff was initiated in
1914. The first research fellow in agronomy was appointed in 1916.
The resident teaching staff in agronomy has been characterized by the relatively
long tenure of its members during the years from 1902 to 1953. During the early years
of the twentieth century it was a policy in the Division of Agriculture that staff members
should devote full time in one of the areas of teaching, research, or extension. This
polic y gradually changed and for the last 20 years the majority of resident teaching
staff m e mbers in agronomy have also been on the staff of the Iowa Agricultural Experi ment Station.

CHROMOSOMAL ABERRATIONS IN OATS , AVENA SATIVA L.

1

LUIS COSTA-RODRIGUES 2
Department of Genetics
The uses for monosomic and nullisomic stocks in genetics has made desirable the
testing of methods for securing whole-chromosome deficiencies in usable and repeat able frequenc.ies. The methods which have been used are not generally applicable, because they are associated with unusual properties of the species in which they have
been used.
The method used by Clausen in Nicotiana tabacum requires that the species in which
the monosomics are desired form fertile hybr~hich univalent chromosomes occur
at meiosis , or that an asynaptic strain be available. Such a strain was available in a
mutant, pale-sterile .
The hybrid used was between ~. tabacum and ~. sylvestris.
Such conditions are not to be had in most species in which the monosomics could be
useful.
The other method which has had success is that of pollinating a haploid plant with
pollen from a normal plant. This is the method used by Sears in Triticum aestivum
(!_. vulgare ) . The haploid is partially fertile owing to the formation of some type of
restitution nucleus . Such eggs as do function, however, are not wholly normal because
the restitution process is not perfect. Deficient eggs are formed and these produce,
when united with normal sperm, zygotes which are monosomic for one or more chromosomes. This method cannot be used with all species because haploids are generally
rare and cannot be produced at will. With few exceptions haploidy may be considered a
wholly fortuitous occurrence.
What is needed is a method which can be used on any species which can tolerate
whole-chromosome deficiency. The method used in these experiments was based on
the production of dicentric chromosomes with the use of X-rays. Since the material
used was cultivated oats, Avena sativa L., the method could not be used in conjunction
with emasculation of the fl-;;;e;-s, oat flowers being most difficult to manipulate successfully in artificial pollinations in adequate numbers.
The method as finally used
consisted in treating mature panicles just before anthesis with 300 r units. This treatment was a treatment of the egg nucleus and the sperm nucleus . The monosomes produced could have come from the induction of a dicentric chromosome in either nucleus.
Most of the detected effect probably occurred in egg nuclei, since affected pollen grains
certainly could have no advantage over unaffected grains, and probably were at a disadvantage in competition. The seed produced by the irradiated panicles was grown and·
its chromosome constitution determined by direct examination of the microsporocytes.
The plants determined to be monosomic were retained and allowed to set seed by selfpollination. The progenies of these plants were examined for normal, monosomic, and
nullisornic members.
The final yield, after irrelevant cytological anomalies such as inversions and translocations had been discarded, was twenty monosomes. This represented a yield of
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approximately seven per cent. The treatment is most probably not the optimum treatment for the purpose. It is, however, a practical one and should serve as the basis
for attempts to discover a more efficient dosage. This, for the present purpose, may
be defined as that dose which will produce the greatest ratio of monosomes to other
cytological anomalies.

A STUDY OF ORGANOSILICON FREE RADICALSl

JAY STEPHEN CURTICE 2
Department of Chemistry
The chemistry of organic free radicals has received intensive study, but reports of
organosilicon free radicals are relatively rare. The radical induced addition of substituted silanes to olefins has been reported (1). Accordingly, organosilicon free radicals were studied in this work in their role as reactive intermediates in order to gain
information as to the similarities and differences in the reactivities of silicon and carbon free radicals.
The chain transfer constants of triethylsilane and triphenylsilane in the thermal
polymerization of styrene were determined by the method of Mayo (2 ). At 70. 00 °, the
chain transfer constant for triethylsilane was 2.44 + 0.12; for triphenylsilane, 33.4 +
1.2 . At80.05°, values of l.3-2.7 and 36.8 + l.8-were obtained for triethylsilaneand triphenylsilane, respectively. These values show a high reactivity of substituted
silanes in chain transfer activity, and the appreciable differences in the chain transfer
constants of triethylsilane and triphenylsilane suggest an appreciable reorganization
energy of the triphenylsilyl free radical.
Oxidation of triphenylsilane to triphenylsilanol at 80 ° in benzene was found to be effected by benzoyl peroxide as the initiator . No peroxides or hydroperoxides were isolated from the reaction. The kinetics of the oxidation ol. triphenylsilane in chlorobenzene at 62. 5 and 74 .4 ° were studied by measuring the rate of oxygen uptake. Azo--bisisobutyronitrile was used as the initiator. The rates were found to fall off from first
order dependence on triphenylsilane as the reaction proceeded; this effect became more
noticeable at the higher temperature, and at higher initial concentrations of triphenylsilane. The observation led to the formulation of a mechanism for the oxidation in
which triphenylsilanol was isolated as the major product.
X· +Oz
X· (or XOz·) +RH
R· +Oz
ROz +RH
R• + ROzH
R0 2 H
RO· +RH

--;>-

x.

~

XOz•
HX +R·
R0 2 •
R0 2 H + R·
RO · +ROH
RO· +·OH
ROH+ R·

~

--;:>
--;>
--;>--~

--;:>

The reaction of di-tert-butyl peroxide, triphenylsilane and chlorobenzene at temperatures of 128-137°-;;;,s studied under a variety of conditions. The major product
of this reaction proved to be triphenylchlorosilane. A mixture of ~-chlorobiphenyl and
.e_-chlorobiphenyl was identified as a product of this reaction by infrared spectroscopy.
No evidence for a chain reaction of any .length was found, since the reaction required
equimolar quantities of the peroxide for highest conversions to triphenylchlorosilane.
The rate of production of triphenylchloroailane was found to fall off from the rate of
decomposition of the peroxide as the reaction progressed; removal of volatile products
during the reaction increased the yield of triphenylchlorosilane; introduction of benzophenone into the reaction mixture decreased the amount of tripbenylchlorosilane formed.
These observations suggest a process in which a triphenylsilyl radical is formed by
hydrogen abstraction, and reacts with chlorobenzene to give a phenyl radical and
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triphenylchlorosilane. The phenyl radical may then react with chlorobenzene to form
the isomeric biphenyls. The inhibiting action of the reaction products and benzophenone
suggests that these species compete with chlorobenzene for the triphenylsilyl radical.
Similar reactions with fluorobenzene and bromobenzene as solvents gave products which
hydrolyzed to produce acid; presumably these products were triphenylbromosilane and
triphenylfluorosilane formed by a process analogous to the one suggested above. No
hexaphenyldisilane was found as a product of any of the reactions listed above.
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THE VAPOR PRESSURES OF LANTHANUM AND PRASEODYMIUM1 ·
ADRIAN HILL DAANE 2
Department of Chemistry
A technique for preparing rare earth metals was devised in which their chlorides
were reduced by calcium in tantalum vessels ; the resulting metal was cast in tantalum
molds to remove volatile impurities. Lanthanum and praseodymium were prepared in
20 gram batches with yields of 100 + l per cent; a 90 + 5 per cent yield of lanthanum
was obtained on a 250 mg. scale. it was not possible to prepare samarium metal by
reducing samaric chloride with calcium under the same conditions which were successful with lanthanum and praseodymium.
Gadolinium chloride, containing l. 7 per cent samaric chloride and 0. 23 per cent
europic chloride, was reduced with calcium to produce a 96 per cent yield of metal;
samarium and eruopium were not detected in the product. This separation of samarium
and europium from gadolinium is more convenient than are the ordinary chemical methods.
A technique for measuring vapor pressures of materials of low volatility was devised;
this consisted of modifying Knudsen's effusion method by placing a quartz fiber balance
inside of the vacuum apparatus to measure weight losses from the effusion vessel. To
test this technique, the vapor pressures of copper and silver were measured; the results are in reasonable agreement with the accepted values in the literature.
The vapor pressures of lanthanum and praseodymium were determined over the
range 10-2 to 10-4 mm Hg using the above technique. For lanthanum, the vapor pressure equation is

log p = -17753
T

.±. 308

+ 6.816+o;166;
-

the heat of vaporization and extrapolated normal boiling point of lanthanum may be obtained from this equation, and are, respectively, -81.0 + 1.4 Kcal. mole- 1 and 4515•
150.K. For praseodymium the vapor pressure equation-is

.±.

logP= -17188_:!:243 +8.098_:t0.156;
T
the heat vaporization and extrapolated normal boiling point are, respectively, -79.5
1.1 Kcal. mole- 1 and 3290
9o•K.

.±.

1Doctoral thesis no. 1136, submitted December 14, 1950. ChairlllllJI ot Committee, r. H.
Spedding, Department ot Chemistry.
2B.s., UniTersity ot Florida, Ge.ineeTille, Fla., 1941. ReHarth Auietant, Institute
tor Atoaic Research.

.±.

ABSTRACTS OF DOCTORAL THESES, 1953-54

401

PREPARATION OF PERBROMATES1
Wesley F. DeCoursey 2
Department of Chemistry
Perchlorates and periodates may be prepared by oxidation of chlorates and iodates
with a number of commonly used oxidation methods. It would follow that perbromates,
as indicated by well known facts about the halogen family, could be prepared by similar
oxidation methods; however, this has never been accomplished. It has been suggested
that the perbromates are too unstable to be made, or that the oxidation potential required to form them is extraordinarily high. However, no sound theoretical reasons
have been found, as yet, that offer any explanation for the nonexistence of perbromates.
The methods of analysis for the detection or determination of the perbromate ion,
although unknown, were assumed to be similar to well known tests for the perchlorate
and periodate ions. The tests used for these ions, as well as the other halate or halide
1ons, include : (1) precipitation of insoluble inorganic salts - silver halides, silver
bromate and iodate, silver periodate, and potassium perchlorate; (2) the liberation of
iodine from potassium iodide and its subsequent titration with a thiosulfate solution,
and (3) a number of organic reagents that are known to detect perchlorates and periodates . These organic reagents are methylene blue, Zwikker 1 s reagent, brucine, nitron,
benzidine, morphine, strychnin~, tetraphenylarsonium chloride, 5-nitro-l, 10 phenanthroline ferrous sulfate, and manganous sulfate in phosphoric acid. These reagents
were used as spot tests under a microscope, and occasionally polarized light was used
to detect anisotropic cryst'a ls. The mixtures of chloride, chlorate, and perchlorate
ions were analyzed by titrating the chloride with silver nitrate in one portion of the
solution, in a second portion the chlorate was reduced with sulfur dioxide and the resulting chloride titrated, and a third portion was fused with sodium carbonate and the
total chloride determined by titrating with silver nitrate.
In this work, attempts were made to prepare perbromates by oxidation with fluorine
gas, ozone, chlorine gas, potassium and ammonium peroxydisulfates, sodium bismuthate, potassium and barium superoxides, sodium and potassium peroxides, and 90 per
cent hydrogen peroxide. Anodic oxidatio~ and autoxidation were also tride. Silver and
cobalt ions were used as catalysts. Oxidation was attempted in aqueous solutions,
liquid ammonia, ethyl alcohol, acetone, dioxane, ethyl acetate, and other organic solvents. The general procedure was to prepare peridates andperchlorates by the oxidation method to be used, and then attempt to prepare perbromates in a like manner.
Elemental fluorine gas, though difficult to handle, has the highest oxidation potential
of any oxidizing agent. Fluorine passed into halate solutions readily formed periodates
and perchlorates, but no perbromates were found. Under these conditions fluorine
readily oxidized manganese to permanganates, sulfates toperoxydisulfates, and chromium to dichromates. The silver and cobalt ions were used as catalysts in part of the
experiments with fluorine oxidation. Fluorine produced numerous luminous explosions
as it reacted with the aqueous solutions. This, along with the ease with which fluorine
reacts with water, caused some difficulty in using fluorine as an oxidizing agent.
Ozone was used in liquid ammonia, organic solvents, and aqueous solutions in attempts to oxidize the halates to the perhalates . Oxidation was slow due to the low concentration of ozone available, the slow reaction rates at the temperature of liquid ammonia, and the low solubilitY of salts in organic liquids. Methods of analysis were
simplified with the use of ozone since excess ozone is easily removed by bubbling oxygen through the solutions.
Potassium and ammonium pe.roxydisulfates were heated with the halates in the dry
state, boiled with the halates using the silver ion as a catalyst, and warmed with the
halates in organic solvents. In the dry state, peroxydisulfates readily reduce the halates to the free halogen. Although perchlorate& and periodates were formed, no perbromates could be detected.
A similar series of experiments were made using sodium bismuthate, sodium and
potassium peroxides, barium and. potassium superoxides, and 90 per cent hydrogen
peroxide. In most o~ these experiments the excess peroxide content was difficult to
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remove and limited the methods of analysis to spot tests and microscopic examination.
Hydrogen peroxide reduces periodates and bromates readily and proved to be an unsuitable oxidizing agent for the halates.
A high concentration of fluoride ion was maintained in the anolyte in the experiments
with anodic oxidation . This, in conjunction with a smooth platinum electrode, was used
to develop a high oxygen overvoltage and helped produce optimum oxidizing conditions.
Perbromates were not found to be formed by anodic oxidation.
Autoxidation of bromates was attempted and an automatic recording balance was
used to follow the course of the reaction. Potassium chlorate was found to be completely oxidized to perchlorate by heating with sodium bromate. Some easily decomposed oxygen compounds were heated with brornates in a similar manner in order to
form perbromates.
No evidence was found in any of the experiments to indicate the formation of perbromates; neither was any evidence found to support the conclusion that perbromates
cannot be made.
Perbromates might possibly be formed by· oxidation under conditions such/ as:
(1) oxidation in nonaqueous solvents, since perbromates may be unstable toward water;
(2) oxidation with an oxidizing agent with an extremely high oxidation potential;
(3) oxidation in the fused state with substances which liberate oxygen at a lower
temperature than that at which the bromate decomposes - very high pressures
of oxygen over the reaction mixtu.re might be of value in this connection; or
(4) oxidation at low temperatures, sincd the perbromate may be stable only at
low temperatures.

THE NIOBIUM-THORIUM AND THE NIOBIUM-VANADIUM ALLOY SYSTEMS1
JAMES M. DICKINSON'
Department of Chemistry
The niobium-thorium and the niobium-vanadium alloy systems were investigated by
thermal, microscopic, X-ray, and electrical resistance methods. On the basis of the
data obtained from these studies a phase diagram has been proposed for the niobiumthorium alloy system, and a phase diagram has been proposed for the niobium-vanadium
alloy system.
A eutectic is formed between niobium and thorium at about 1435 "c and 8 per cent
niobium. There are no intermediate phases formed in the niobium-thorium alloy system. The extent of tei;minal solid solubility at room temperature was determined by
X-ray diffraction studies. The solubility of niobium in alpha thorium is less than 0.1
per cent and the solid solubility of thorium in niobium is considered negligible. Since
eutectic structure and a eutectic melting point were observed on a 1 per cent niobium
alloy, the solid solubility of niobium in beta tborium is evidently less than 1 per cent.
The addition of niobium to thorium lowers the reported alpha to beta transfo.rmation
temperature (1400°C) of thorium slightly. This lowering might be due to a scavenging
effect .o f niobium or to the formation of a eutectoid in that region of the phase diagram
involving less than 1 per cent niobium. Although no microscopic evidence could be
retained in these alloys, the possibility of a eutectoid is not ruled out.
Niobium forms a complete series of solid solutions with vanadium. The solidus
curve of the niobium-vanadium alloy system has a long, nearly flat section extending
from about 10 to 50 per cent niobium. The curve passes through a minimum at about
35 per cent niobium and the minimum temperature is approximately 1805°C. The
liquidus curve lies very close to the solidus curve throughout the entire alloy system.
In no instance was a temperature difference of more than 50°C observed between the
solidus and the liquidus for the same alloy. Over a rather wide percentage range near
the minimum, the liquidus curve appears to be almost identical with the solidus curve.
Niobium-vanadium alloys that were prepared using ductile niobium and vanadium
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were very easy to machine or to cold work. The alloys could be cold rolled to thin
sheet without annealing and without serious edge cracking. Niobium-vanadium alloys
have a slow rate of corrosion to hot distilled water at temperatur e s at least as high as
330°C. The corrosion rate of the alloys appears to be slower than the corrosion rate
of vanadium.
A method of correcting X-ray films for linear and nonlinear shrinkage is described.
Briefly, this method consists of measuring the change in position, upon processing, of
a series of small holes that have b e en punched in the film by a calibrated film punch.

PREDICTING PERFORMANCE OF SINGLE AND MULTIPLE
CROSSES FROM PERFORMANCE OF INBRED LINES OF SWINE 1
CHRISTIAN ALFRED DINKEL 2
Departments of Animal Husbandry and of Gene tics
The primary purpose of the present investigation was to determine how accurately
the performance of single crosses and multiple crosses could b e predicted from knowing the performance of the inbred lines. The characteristic studied in greatest detail
was 154-day weight of the individual pig, with some attention being given to total litter
weight at the same age. The data used in this study came from the 12 Poland China
lines maintained by the Iowa Agricultural Experiment Station in cooperation with the
U.S. D. A. Regional Swine Breeding Laboratory. They were collected during the period
from the fall of 1942 through the spring of 1950, and they consisted of 3541 inbred pigs
and 1399 single cross pigs.
In order to study the predictive value of a line's own performance in predicting
single and multiple cross performance, various correlations were calculated using
both individual and litter weight at 154 days of age. Similar correlations were made to
determine if single cross data would predict multiple cross performance more accurately than inbred line data. The correlation between inbred line average and average
of all single crosses involving that line was 0. 57. The correlation between inbred line
performance and multiple cross performance was 0.50, while the same correlation
between single cross and multiple cross was 0. 38. The results of this study indicate
that an inbred line's own performance is useful as a basis for culling the very poorest
lines. For this sample of lines very little was gained from including single cross data
in the prediction of multiple croas performance.
A path coefficient analysis of the source of the correlation between the average of
an inbred line and the average of all single crosses involving .that line indicated that
epistasis contributed very little, if at all, to such a correlation.
Although a test of significance of differences between the lines for maternal eifects
was not made, considerable evidence was accumulated which indicated that these effects
are large enough to be important. This evidence emphasizes the importance of considering mothering ability in the selection of lines and in the planning of single and multiple crosses.
The following plan is suggested as appropriate for the production of ihbred lines and
their crosses. (1) Start many small inbred lines up to a maximum of about twice the
number that can be tested. (2) Inbreed as rapidly as possible without slowing this rate
in order to increase selection pressure. (3) Cull the lines on the basis of their own
performance and mothering ability to the number that can be tested. (4) Perform the
test crosses and cull again on this basis.
Since the best test cross may depend upon the mode of gene action affecting the trait,
a constant parent regression analysis was made to determine if the effects of overdominance were important. Although the constant parent method was developed for
homozygous lines, the analysis indicated that it can be effective with lines less highly
inbred if a sufficient range in gene frequencies between lines can be assumed . The

1Doctoral thesis no. 1478, submitted December 9, 1953. Cheirmen of Committee, L.N.
Hazel, Department of Animal Husbandry, and J .w. Gowen, Department of Genetics.
2 B.s., Iowa State College, Ames, Iowa, 1948. M.s., South Dakota State College,
Brookings, S.D., 1949. Instructor.
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results of this analysis did not show any evidence for over dominance. However, the
data are not sufficient to be conclusive on this point. All of the crosses were within the
Poland China breed, and the level of heterosis was low in comparison to line crosses
between breeds. Many more such analyses are needed involving different lines and
lines from different breeds.

DETERMINATION OF STRESS-STRAIN CHARACTERISTICS
OF MATERIALS SUBJECTED TO DYNAMIC LOADING 1
RICHARD C. DOVE 2
Department of Theoretical and Applied Mechanics
Research to find new materials and new designs which will permit greater use of
existing materials is handicapped by a lack of understanding of how materials behave
when they are subjected to dynamic loads. The special aspect of material behavior
considered in this investigation was the stress-strain characteristics of the material.
This investigation was confined to the determination of stress-strain characteristics in
those cases for which the dynamic loading produces either simple tension or simple
compression.
A method for predicting the stress-strain diagram for a material subjected to a
dynamic load was developed. This method involves the concept of unrelaxed and relaxed stresses within the material as well as the concept of a material property which
determines how the relaxation of stress progresses with time. Theoretical background
for these concepts was presented. A general differential equation which relates stress,
strain, and time was discussed in detail. This equation involves a modulus of elasticity
associated with unrelaxed stresses (the unrelaxed elastic modulus), a modulus of elasticity associated with relaxed stresses (the relaxed elastic modulus), and a stress relaxation constant.
This general differential equation relating stress, strain, and time was solved for
four strain-time curves.
1. Strain increases from zero to some maximum value at a constant rate and then
remains constant.
Z. Strain increases from zero to s orne maximum value at a constant rate and then
decreases back to zero at the same constant rate.
3. Strain increases from zero to a maximum value so that the strain-time curve is
the first 90 degrees of a sine wave. The maximum value of strain is maintained.
4. Strain increases· from zero to a maximum value and then decreases to zero so
that the strain-time curve is the first 180 degrees of a sine wave.
An experimental technique for evaluating the unrelaxed elastic modulus, the relaxed
elastic modulus, and the relaxation constant was developed. The test equipment which
was designed and constructed for the purpose of evaluating these two moduli and the
relaxation constant was described in detail. This test equipment waa used to evaluate
the two moduli and th~ relaxation constant for a single type of natural rubber. The
moduli and relaxation constant thus determined were substituted into two of the theoretical equations previously developed in order to predict the shape of the stress-strain
curve associated with various constant rates of increasing strain and with constant rate
strain cycling. The predicted strees-strain curves were compared with experimentally
determined curves.
The velocity of strain wave propagation was studied experimentally to establish what,
if any, relationship exists between the unrelaxed elastic modulus and the velocity of
strain wave propagation. The same natural rubber was used in these wave propagation
tests as was used in the constant rate of straining and strain cycling tests.
The agreement between the theoretical stress-strain curves and the experimental
curves justifies the following conclusion: For the material used in these tests and
within the range of strains (zero to five per cent in compression) and strain rates

1Doctoral thesis no. 1527, submitted llay 10, 1954. Chairman of Colllllittee, Glenn Murphy,
Department of Theoretical and Applied Mechanics.
2 B.s., Iowa State College, Ames, Iowa, 1947. K.s., Ibid., 1949.
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(up to 34 per cent/second) investigated the proposed method is suitable for predicting
how the rate of straining will affect the stress-strain diagram. In the author's opinion
the results obtained in applying the proposed method to rubber justify study of other
materials.
The experimental study on the velocity of strain wave propagation indicated that the
velocity of propagation is definitely related to the unrelaxed elastic modulus. It was
pointed out how wave propagation tests might be used to evaluate the unrelaxe<l;modulus,
the relaxed modulus, and the relaxation constant.

PILOT PLANT STUDIES OF QUICK-CURING OF SUPERPHOSPHATEl
WALTER .DROBOT 2
Department of Chemical and Mining Engineering
Pilot plant studies were c"a rried out on the quick-curing of superphosphate made by
acidulating ground Florida pebble phosphate rock with 55 per cent sulfuric acid using
an acidulation of 1. 81 pounds of H 2 SO• per pound of P 20 5 •
The quick-curing operation was performed in a pilot plant Rote-Louver dryer 6 feet
long and 13 inches average inside diameter. The drying air was heated in a furnace
fired with natural gas. The acidulation step was carried out batch-wise and after a
block of superphosphate had been formed in a den it was continuously disintegrated by
a Sturtevant-type cutter mechanism. This material was continuously fed into the dryer
where it was quick-cured.
The fresh superphosphate could be disintegrated and conveyed without difficulty
provided no excessive pressure was exerted on the material. The time of mixing in
the acidulation step greatly influenced the cutting and conveying characteristics of the
raw superphosphate.
Quick-curing in the Rote-Louver dryer achieved a maximum conversion to available
P 2 0 5 at a relatively high moisture content. As drying progressed, the conversion decreased but th~ available P 2 0 5 content increased to an essentially constant level. The
free acid content decreased as conversion increased.
The effect of inlet air temperature on the quick-cured product composition was
studied. At a given air temperature a product composition based on the maximum value
of available P 20 5 content reckoned to the lowest whole number of per cent could be determined. This maximum composition was found to vary with air temperature in a
characteristic manner.
Inlet air temperatures from 400° to 114l 0F were studied. For a given product
moisture, the capacity of the dryer appeared to be directly proportional to the air temperature. However, the moisture content at the maximum available P 20 5 content increased with air temperatures over 800° F, sharply raising the dryer capacity at these
higher temperature levels by reducing the heat load per unit feed of the dryer.
Laboratory studies showed that the degree of hydration of superphosphates increased
with decreasing sulfuric acid concentration. Most of this hydration was attributed to
the calcium sulfate formed by the reaction of sulfuric acid with phosphate rock. The
amount of hydration present in fresh and storage-cured superphosphates had a marked
effect on their physical properties. Though some of the storage-cured euperphosphates
had moisture contents as high as 14 per cent, they appeared to be as dry as some
superphosphates of only 3 per cent moisture content.
The choice of the optimum operating conditions involves an economic balance between the factors of decreased production costs at higher air temperatures and increased conversion at lower air temperatures. The economic feasibility of the process
for quick-curing of superphosphate appears promising.

1Doctoral thesis no. 1485, subnitted December 12, 1953. Chairman of Committee, G. L.
Bridger, Department of Chemical and l(ining Engineering.
2B.Sc. Drexel Institute of Technology, Philadelphia, Penn., 1944. M.Sc., Kansas State
College, Manhattan, Kansas. 1950. Graduate Aaaistant, Engineering Experiment Station.
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INTERRELATIONS OF PLANT POPULATIONS, FERTILITY LEVELS
AND HYBRIDS IN CORN PRODUCTION1
ELWIN RAYMOND DUNCAN 2
Department of Agronomy

Wluences of soil fertility and plant population levels on selected corn hybrids of
different m 'aturity ratings were studied at four widely separated locations with different soil types and levels of past management in 1952. Two fertility levels, five plant
population levels and three hybrids were combined in a split- split plot design with six
replications at each location. The growing season was favorable at all locations,
Corn grain yields were increased by an application of commercial fertilizer, assumed to be adequate, at all locations. The degree of response to applied fertilizer
was determined by the plant population, the initial fertility level of the soil and to a
lesser extent by the hybrids. Yield increases attributable to applied fertilizer ranged
from 7. 5 bushels to 101. 9 bushels per acre.
Yields were increased at all locations by increasing plant populations upward from
the 8, 000 per acre level under conditions of high fertility. Yields were unchanged or
decreased by increasing plant population levels under conditions of low soil fertility.
Yield differences attributable to increasing plant populations from 8, 000 to 24, 000
plants per acre ranged from a decrease of 22. 7 bushels per acre at the lowest fertility
level to an increase of 64. 8 bushels on the high fertility level. .
The late hybrid usually outyielded the adapted and early hybrids at comparable populations, up to 16, 000 plants per acre on the high fertility level. At the low fertility
level the tendency was the same, but was less markedand not consistent. At the lowest
level the late hybrid yielded more than the adapted and early hybrids, but did so in only
one case at the highest population level.
Plant population and soil fertility differences also affected plant characteristics.
Maturity of all hybrids was advanced by the addition of commercial fertilizer to
soild with low initial fertility. Maturity was not consistently altered by additions of
fertilizer to soils of moderate initial fertility. Increasing plant populations at less than
adequate fertility levels delayed maturity.
Per cent of barren plants increased sharply on low fertility soils as populations
were increased above 12, 000 plants per acre. It was also increased, but more slowly,
above the 16, 000 plant level when soil fertility was high.
Ear height was increased by the addition of commercial fertilizer on all hybrids at
all locations. The increase was greater . at high than at low plant population levels.
There was little influence on ear height at different plant populations on the low fertility
level.
Plant height was increased by the addition of commercial fertilizer at all population
levels, but the increase was more evident at the higher levels. At low fertility levels
plant height was not appreciably influenced by changes in plant population levels.
Stalk lodging was not consistently influenced by changes in fertility level. It was
erratically greater as plant populations were increased above the 8, 000 plant per acre
level.
Multiple ear plants were not observed on moderate and low fertility levels, but were
observed up to the 16, 000 population level when commercial fertilizer was added.
Tillering was evident at only one of the four fields and there only at the low population and high fertility level.
Weight of stover was increased by added commercial fertilizer and by increasing
plant populations at all fertility levels. Stover weight of the late hybrid was greatest
and was lowest for the early hybrid at comparable fertility and plant population levels;
Differences in plant population and soil fertility level also influenced ear characteristics of hybrids at all location a.
Mean ear weight was increased at any population level by the addition of commercial
fertilizer. It was decreased at both fertility levels as populations were increased from
the 8, 000 to the 24, 000 plant per acre level. Ear weight of the early hybrid was lesa
than those of the adapted and late hybrid• at low population and high fertility levels.

1Doatoral thesis no. 1517, 1111bmitted !larch 14, 1954. Chairman ot COlllldttee, I. J.
Johnson, Departlll8nt of Agroncmy.
2B.s., Iowa State College, Ames, Iowa, 1939. K.s., Ibid., 1943. Aasiatant Protaaaor.
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There was no apparent difference in ear weight between hybrids at high population and
low fertility levels. Maximum yields on low fertility levels were made with 0.3 to 0.4
pound ears and on high fertility levels with 0.4 to O. 5 pound ears.
Mean ear diameter was decreased on low fertility levels and to a lesser degree at
high fertility levels as plant populations were increased above 8, 000 plants per acre.
Ear diameter was increased by use of commercial fertilizer only at the field with the
lowest initial fertility.
Ear length was increased by using fertilizer; greateT increases occurred on fields
with low initial fertility level. It was decreased as population levels were increased at
both fertility levels.
Shelling percentage was decreased at low fertility levels when plant populations were
increased. The greatest decrease occurred at the lowest initial fertility levels. Shelling percentage tended to be greater on the high fertility level as plant populations were
increased from 8, 000 to some higher level.
Observations were made and readings taken on evidence of corn borer attack, light
penetration at different locations with respect to the corn plant, and on weed growth at
all locations. Chemical leaf analyses also were made. Since these were supplemental
observations and were made to facilitate interpretation of pertinent data, no conclusions
were drawn. Readings also were taken on dropped ears, root lodging, smut incidence
and army worm damage, but no readings averaged as much as one per cent and the
data are not reported.
This study has emphasized the need for continued investigations by showing the possibilities of studying interrelationships in corn production practices. Partly as a result of this study, several new types of experiments are already underway and methods
have been modified in other experiments to take advantage of certain of the findings in
the present study.

A THEORETICAL STUDY OF THE ELECTRONIC STRUCTURE OF WATER•
FRANK O. ELLISON 2
Department of Chemistry
The molecular orbital (MO) approximation is one of the important methods which is
utilized for dealing with problems of molecular electronic structure. It represents the
natural extension of well-known atomic concepts to the molecular domain. In practice,
the MO approach has found a large degree of success on qualitative and semi-empirical
grounds. Recently, C. C. J. Roothaan (1) has outlined a rigorous, yet straightforward,
mathematical formulation of self-consistent field (SCF) MO theory, into which he has
incorporated the linear-combination-of-atomic-orbitalsTLCAO) approximation. The
SCF method secures the best possible wave function for a ~ule within the scope of
fuMO treatment. The availability of such a systematic approach has encouraged application to a variety of molecules, but it can hardly be said that the limitations have
been sufficiently determined. The main objective of the present research has been to
determine the ten-electron LCAO SCF MO wave function for the H 2 0 molecule.
Results are reported for ~experi,;entally observed 0-H distance of 0.958 angstroms, and for six values of the H-0-H bond angle: 90, 100, 105, 110, 120 and 180 degrees. Orthogonalized Slater orbitals with the usual Slater effective nuclear charges
were used. Two calculations were performed for each bond angle: a complete treatment which permitted full ls-2s-2p mixing; and, approximate treatment which contained the conventional approximation of replacing the molecular innermost shell by an
oxygen ls Slater orbital, and allowing no ls mixing in the outer shells. The MO's of
the latter calculation are not completely orthogonal as they are in the former.
All integrals involved in the calculations were computed . to four- and five-place
accuracy with the exception of two small two-center exchange integrals, four of the
five three-center nuclear field attraction integrals, and the remaining three-center

1Doctoral thesis no. 1446, sulmdtted July 17, 1953.
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electronic repulsion integrals. Individual study of all approximated terms was carried
out by the usual as well as by new methods in order to insure reliable values.
The LC.AO MO's were found to be in relatively good agreement with qualitative considerations of the electronic structure of H,O as well as with the results of semi-empirical methods. The computed ionization potentials agreed with experiment within + 1. 3
electron volts (approximately 10 per cent), the order of their assignment being determined quite conclusively. Significant differences between the approximate and complete
treatments were found both for the MO's and ionization potentials.
The calculated total molecular e;;;rgy was found to have a minimum for an H-0-H
bond angle somewhat greater than 120 degrees. Possible explanations for this disagreement with the observed 105 degree equilibrium bond angle are discussed. The
effect of error in the approximated three-center integrals was found to be .of significance with respect to the total energy calculation.
The wave function computed according to the complete treatment yielded a dipole
moment. of 1. 5 D, which is in good agreement with the observed 1. 84 D. The dipole is
directed in the sense Hz +o-.
Configuration interaction· using SCF excited orbitals was found to be unimportant
with respect to the MO ground state-;;ave function. Calculations of excitation frequencies and electronic transition probabilities ' indicated, however, that the L.ACO forms
for the excited MO'e should contain higher energy .AO's.
The SCF calculations are supplemented by a rather extensive survey of the previous
theoretical studies of H,O. Numerical applications of the Principle of Maximum Overlap (2,3) and Mulliken's magic formula (4) are carried out. It is concluded that the
former principle should be maintained only as a most qualitative idea, since molecule
formation can be regarded as a competition between many factors of comparable importance, only one of which is the procurement of large bond overlap.
REFERENCES
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FLOR.AL INDUCTION IN SOJ.A M.AXl
JOHN EDWIN FISHER'
Department of Botany and Plant Pathology
Lincoln soybeans behave as short day plants in their photoperiodic responses when
young but become indeterminate in their flowering responses with increased maturity.
The commencement of flowering on an 18 hour day is more closely related to plant
maturity, as measured by the ratio of the mature to immature leaf areas, than to age
alone . .Also, nicotine sulfate induces earlier flowering of plants on 18 hour days.
These observations led to a study of the relationship of the degree of maturity to the
commencement of flowering at four photoperioda, 11.5, 13.0, 14.5, and 16 hours, for
the varieties Lincoln and Ogden. The effects of indoleacetic acid (I.A.A), I.A.A plus nicotine suliate, nicotine sulfate, and 2,4, 6-trichlorophenoxyacetic acid (2,4, 6-T) in conjunction with the above photoperiods were also studied.
Lincoln soybeans flowered on all photoperiods except when treated with 2, 4, 6-T.
However, the Ogden variety flowered on 16-hour photoperiods only when treated with
nicotine suliate.
Treatments involving nicotine sulfate induced earlier flowering,
flowering at lower nodes, and more flowers per flowering node with each variety.
Nicotine suliate induced formative effects on the young leaves which indicated an antiauxin activity. Vein development was retarded while intervein tissue developed almost
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normally, g1v1ng a crinkled appearance to the leaves. lnternodes did not expand to the
length noted for the checks.
For each photoperiod a distinct ratio of mature to immature leaf areas was reached
before flowering commenced. The smallest ratios were found for plants on the shortest
photoperiods while the largest ratios were found for plants on the longest photoperiods.
The Ogden variety, which flowered later than the Lincoln, reached a larger ratio than
the Lincoln variety before flowering commenced. The ratio was smaller for all treatments involving nicotine sulfate than for the checks, treatments involving !AA alone,
or2,4,6-T.
Since the young leaves are known to be auxin producers and the mature leaves are
apparently flowering mechanism producers, the ratio of mature to immature leaf areas
is assumed to be an indication of the ratio of the flowering mechanism produci.n g tissues
to the auxin producing tissues. An antagonism between the auxins produced in the young
tissues and the flowering mechanism produced in the mature leaves is postulated. Nicotine sulfate acting as an anti-auxin would then reduce the auxins to a level where the
antagonistic reaction would no longer be severe enough to prevent flowering.
In order to test this hypothesis further, mature leaves, apical meristems or immature leaves were removed from Lincoln soybeans growing on an 18 hour photoperiod,
at various stages of maturity. Removing two or more mature leaves delayed flowering,
complete detopping almost prevented flowering, while removing immature leaves when
4, 5 or 6 trifoliate leaves were mature induced earlier flowering, flowering at lower
nodes, and more flowers per flowering node than other treatments. Thus the rempval
of a portion of the auxin producing tissue induced earlier flowering but the total removi!.l
forced the rapid development of auxin-producing axillary shoots.
Nicotine sulfate was applied to localized portions of Lincoln soybeans on 18-hour
photoperiods. When applied to the immature leaves when 4 or 5 trifoliate leaves were
mature, plants flowered earlier, at lower nodes, and with more flowers per node than
when only mature leaves were treated. Also, the ratio of mature to immature leaf
areas was smaller at commencement of flowering. Spraying the whole plant was not
more effective in inducing earlier flowering than treating only the young leaves.
Since nicotine sulfate induced earlier flowering and appeared to be an anti-auxin in
its biological activity, an attempt was made to counteract the anti-auxin activity with
applied auxins. Plants treated first with nicotine sulfate were treated for 28 days
thereafter with either indoleacetic {!AA) or indolebutyric acid {!BA) at concentrations
from 10 to l, 000 ppm for !AA, or 10 to 200 ppm for IBA. Flowering in every treatment was delayed beyond the untreated checks. The latest flowering plants were those
receiving the highest concentrations of auxin.
The action of nicotine sulfate was compared with 2., 3, 5-triiodobenzoic acid, a recognized anti-auxin, and with maleic hydrazide, and anti-metabolite, to determine more
precisely the role of nicotine sulfate on the flowering responses of Lincoln soybeans.
Nicotine sulfate and TIBA induced similar symptoms of anti-auxin activity on Lincoln
soybeans on 20-hour photoperiods. Flowering was earlier and more profuse than for
check plants. Maleic hydrazide stimulated axillary growth, but flowering was markedly
delayed.
A balance between the auxins and the flower producing mechanism appears to exist.
This balance can be shifted in the direction of flower production by (a) applying antiauxins, or (b) removing immature (auxin-producing) leaves. The ratio of mature to
immature leaf areas at commencement of flowering serves as rough measurement of
the balance .
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HEATS OF SOLUTION AND RELATED THERMOCHEMICAL PROPERTIES
OF SOME RARE EARTH METALS AND CHLORIDES1
JAMES PATRICK FLYNN 2
Department of Chemistry

An isothermally jacketed calorimeter has been constructed to measure the changes
in heat content accompanying the solution of some rare earth metals and compounds.
To check the performance of the apparatus, the integral heats of solution of potassium
nitrate in water at 25°C have been measured. The values corrected to infinite dilution
by use of relative apparent molal heat content data in the literature give 8384 + 12
cals / mole. The result agrees well with the values reported by others .
The integral heats of solution in water of the anhydrous chlorides of lanthanum,
praseodymium, samarium, gadolinium, erbium, ytterbium, and yttrium, have been
measured at 25 ° C. For each salt, empirical equations of the general form

have been formulated to represent the experimental data in the concentration range
studied. The constant, b, has been taken as the theoretical limiting slope given by the
Debye-Huckel theory. The values of the constants, a and c, are given in a table. A
plot of the constant, a, which is the heat of solution at infinite dilution, gives a smooth
curve for the chlorid;s from lanthanum through gadolinium. That erbium and ytterbium do not form part of the smooth curve is explained on the basis of the change in
crystal structure from hexagonal to monoclinic. The value for yttrium chloride falls
between gadolinium and erbium.
The integral heats of solution of the metals and anhydrous chlorides of yttrium, lanthanum, praseodymium, gadolinium, and erbium, have been measured in hydrochloric
acid solutions at 25°C. These data have been used to calculate the ' standard heats of
formation of the anhydrous chlorides and aqueous rare earth ions.
The integral heats of solution of the hydrated chlorides of yttrium, lanthanum, praseodymium, samarium, gadolinium, erbium, and ytterbium, have been measured in
water at 25 °C. These data, together with the heats of solution of the anhydrous chlorides in water, have been used to calculate the heats of hydration.
The standard heats of formation of the hydrated chlorides of yttrium, lanthanum,
praseodymium, gadolinium, and erbium, have been calculated from the data on the
heats of hydration and heats of formation of the anhydrous chlorides.
From estimates of the entropies of the elements and compounds, the standard entropies of formation of the anhydrous and hydrated chlorides of ytterium, lanthanum,
praseodymium, gadolinium, and erbium, have been approximated. Using the standard
entropies and heats of formation, the standard free energies of formation of the same
compounds have been calculated.

1Doctoral thesis no. 1442, submitted July 16, 1953. Chairman or Committee, Frank H.
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ZERO-SEQUENCE IMPEDANCE OF A THREE-PHASE
TRANSMISSION LINE WITH GROUND RETURN1
MARION EDWIN FORSMAN2
Department of Electrical Engineering
This thesis is a zero- sequence impedance determination obtained by calculation of
the flux linkages and power losses established by the current flow in the earth beneath
a three-phase transmission line with ground return. While the results obtained did not
lead to a method of calculating impedance which is easily applied to all problems, they
did confirm the results obtained by applying Carson's equations to the same transmission line .
Numerical solutions were obtained for the current density in the earth beneath each
of thre e different three-phase transmission lines 20 meters high with equal horizontal
conductor spacings of 10, 20, and 40 meters, and an earth conductivity of 0.01 mhos /
meter. The results of these solutions were plotted as the current density versus horizontal distance from the center of the transmission line for various values of vertical
distance below the surface of the earth. The results for the ten-meter spacing were
augmented by additional curves . Although Rudenberg obtained a current density with a
lagging phase angle near the transmission line, the results of this thesis indicate a
leading phase angle, that is, the imaginary component of current density in the earth
leads the real component.
The effective resistance of the earth was calculated by numerically integrating the
i 2 R losses in the earth under the line with the ten-meter spacing. The value obtained
was identical with that calculated by other methods.
The effective reactance of the earth was calculated by numerically integrating the
flux linkages in the earth. The value obtained was about two per cent lower than that
calculated by other methods.

1Doctoral thesis no. 1550, aubnitted June 4, 1954. Chairman o! Committee, W.B. Boast,
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MANUFACTURING COSTS IN WHOLE-MILK CREAMERIES1
JOHN RONALD FRAZER2
Departments of General Engineering, and of Economics and Sociology
As part of a broad project designed to determine effective methods of marketing
milk produced on Iowa farms, this study has examined the costs of manufacturing butter in Iowa creameries receiving whole milk. This analysis was undertaken as a result of increased interest on the part of dairy farmers in the possible advantages of
sending whole milk to the creamery rather than separating the milk on the farm and
sending the cream to the creamery.
Cost data were obtained from an intensive study of ten whole-milk plants in Iowa,
and were coupled with pertinent data obtained in 13 gathered-cream creameries used
as sample plants for ResearchBulletin 389 of the Iowa Agricultural ExperimentStation.
From these data four plants were developed on paper, producing 500, 000; 1, 000, 000;
1, 500, 000; and 2, 000, 000 pounds of butter per year, respectively. These plants took in
whole milk and separated it, processing the cream into bulk butter ready for shipment,
and cooling and storing the skim milk for sale or further processing.
The total costs of these operations in the four plants were found to be 9.42, 7 .18,
6.26, and 5.62 cents per pound of butter manufactured, respectively. These unit costs

1 Doctoral thesis no. 1551, sul:mitted June 4, 1954. Chairmen o! COlllDittee, James P.
McKean, Department of General Engineering, and Geofh'ey ~hepherd, Department o!
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2 B.M.E., Clarkson College, Potsdam, New York, 1945, u.s., Iowa State College, Ames,
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decrease at a decreasing rate throughout this volume range. Costs at an annual volume
of 2, 000, 000 pounds are the lowest, and are approximately l. 5 cents per pound lower
than costs at an annual volume of l, 000, 000 pounds. These costs do not include the
costs of assembling the milk from the farm to the plant, however, and these assembly
costs may tend to be lower in the smaller plants.
In a comparison of whole-milk operations with gathered-cream operations, the
whole-milk plants have an extra product in the form of skim milk. The value of this
skim milk must bear any extra costs of manufacturing and hauling involved inprocessing whole milk. The extra costs of manufacturing can be determined throughcomparison of costs developed here with those previously developed for gathered- cream creameries in Bulletin 389. The costs developed in thi~ study were calculated in cents per
pound of butter manufactured in order to permit easy comparison.
At an annual production of 2, 000, 000 pounds of butter, the extra costs in the wholemilk plants as compared with the gathered-cream plants amount to approximately two
cents per pound of butter, while at an annual production of l, 000, 000 pounds of butter,
the extra costs are approximately three cents per pound of butter. A cost difference
between gathered-cream and whole-milk operations of three cents per pound of butter
manufactured is equivalent to a cost of 14.22 cents per pounds hundred of skim milk.
The skim milk must be of sufficient value to absorb these costs if shipping whole milk
to the creamery is to be considered a more desirable method of marketing the milk
than separating the milk at the farm and shipping the cream to the creamery.

MONOGRAPH OF THE CYDNID.AE OF THE WESTERN HEMISPHERE 1
RICH.ARD CHARLES FROESCHNER 2
Department of Zoology and Entomology
The insects comprising the family Cydnidae {exclusive of the Thyreocoridae) are a
superficially homogeneous group belonging to the pentatomoid section of the order
Hemiptera. The very fragmentary knowledge of their biology indicates that the great
majority of them burrow in the ground where they feed on the roots of plants. This
habit has earned for them the familiar appellation of "burrower bugs." A few forms
are known to feed on plant parts above the ground. At present the group is not considered one of great economic importance, although several of them have been reported
as damaging ~he roots of sugar cane, garden crops and coffee in the tropics. As knowledge of soil insects increases, these may be found to have much greater economic importance than had formerly been attributed to them.
The most recent attempt at a taxonomic revision of this group was made by Signoret
in a series of papers in the .Annales de la Soci~t~ Entomologique de France during the
years from 1881 to 1884. That study has proven very inaccurate and incomplete, and
has resulted in general confusion in the identification of members of this family. It
was to relieve this condition that the present author elected to attempt a revisionary
study of the Cydnidae of the Western Hemisphere.
Through the generous cooperation of numerous private collectors and the curators
of many museums, some 12, 000 specimens (including many of the types of Signoret,
Stal, Horvath, and Jensen-Haarup}were available for study. These specimens, coupled
with data supplied by curators at the institutions which house the types of Uhler, Dallas,
and Distant, permitted placement of most of the 146 previously described species. As might be expected, several of the earlier names have been found to be synonyms
of some of the common species. For instance, one common North American species
now has eight synonyms. In addition, 43 new species were found, resulting in 159
valid species for the Western Hemisphere. Although the gonostyli were useful in specific separations, usually both sexes showed sufficient external features to limit each
species. Many of these external features as well as the gonostyli are illustrated on
nine plates.

1Doctoral thesis no. 1516, submitted March 13, 1954. Chairman of Committee, H. H.
Knight, Department of Zoology and Entomology.
2B.s., University of Missouri, Columbia, Mo,, 1941. M.S., Iowa State College, Ames,
Iowa, 1951. Instructor.
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Before proper systematic arrangement of the species was possible, it was necessary to review the generic and supergeneric classification of the family from worldwide approach. This resulted in marked changes of the subfamily and generic classification. Where formerly but two subfamilies were recognized, five were indicated by
evidence at hand. One of these was wholly neogeic, one exclusively gerontogeic and
the others occurring in both hemispheres.
The generic classification was likewise found to be very unsatisfactory. Many of
the monobasic genera had been proposed on features of no more than specific worthand
so could not be retained. At the other extreme, certain of the older genera had never
been properly delimited and their bounds had gradually extended to engulf several distinct genera. These large genera included species from all regions of the world and so
had very little zoogeographic significance. Results of the present study showed that all
genera studied had limited ranges with zoogeographic significance. The Eastern and
Western Hemisphere, in spite of extensive literature to the contrary, were found to
have but one genus in common, a Palearctic one with but a single, widespread species
in North America. While some 36 generic names have been involved in the literature
of the New World Cydnidae, the present study recognizes only fifteen full genera and
three subgenera as members of this fauna. Since most of these are restricted to the
New World, the present study amounts to a preliminary generic revision, with a habitus
illustration of the genotype of each.
The older classifications were found to have relied too much on the vestiture of the
head and thorax and the labial length for higher categories. Use of the fine abdominal
hairs known as trichobothria and the wing venation indicated five subfamily divisions
which were found to be supported by additional, more easily ascertained modifications
of other parts of the body and appendages.
At the generic level the presence or lack of modifications of the osteolar peritreme,
as first used by Uhler, proved to be very valuable. Where modifications were present,
they were of sufficient variation to serve as the bases for delimiting genera. Where
these modifications were absent, characters had to be drawn from other parts of the
body. While the resulting generic classification is in the main distinct and easily used,
there still remains a heterogeneous lot of species which are lumped into two poorly
separated genera. Apparently, this area needs more intensive investigation to discover
features which will permit establishment of smaller, more easily defined genera.
Since the previous classification of the Cydnidae resulted in such muddled, unreliable determinations of specimens, reference to ea-dier literature was confined to that
including descriptions of new forms, major attempts at revisionary studies and catalogues and to important biological contributions. Until the present studies have been
reinforced and concluded by the discovery of certain critical type specimens of earlier
authors, the inclusion of a complete catalogue of all literature on the Cydnidae of the
New World is not feasible.

FEEDBACK AND STABILITY OF JUNCTION TRANSISTOR CIRCUITS1
DONALD WILLIAM GADE 2
Department of Electrical Engineering
At the present time, little is known of the effects of feedback in transistor circuits.
Circuits utilizing feedback techniques have only begun to appear. Presently known methods of circuit analysis are not always adequate for use in analyzing these circuits.
In all, considerable development is needed in this field.
The material presented in this theses is directly concerned with the study of feedback and stability in junction transistor circuits. All discussion is limited to the small
signal or linear operation of transistors and to those freque,ncies which permit the
equivalent circuit parameters to be nonreactive. Emphasis is placed on circuit analysis
beginning with the selection of usable equivalent circuits and ending with the method of

thesis no. 1468, sul:mdtted December 3, 1953. Chairman of Committee, w. L.
Cassell, Department of Electrical Engineering.
2B.s., Iowa State College, Ames, Iowa, 1945. M.s., University of Nebraska, Lincoln,
Nebr., 1948. Assistant ProJ;'essor.
1 Doctoral
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handling cascaded circuits with feedback. Feedback circuits are developed and broadly
classified. The effects of feedback on single stage circuits are extensively analyzed.
In this research, three transistor connections are considered: grounded base,
grounded emitter, and grounded collector. It is found that for each of these connections,
two equivalent circuits are particularly useful: a mesh-derived equivalent circuit taking the form of a T and a nodal-derived equivalent circuit taking the form of a n. The
T equivalent circuits corresponding to the three connections differ only in the value of
the equivalent circuit parameters. The same is true for the 7t equivalent circuits. To
simplify the notation and to reduce the number of parameters, the parameters of all
equivalent circuits are written in terms of re• rb, r c• and rm which are the parameters
for the well known mesh-derived grounded base equivalent circuit.
The network coefficients pertaining to the nodal equations of eight P-N-P junction
transistors were measured. At present, existing equipment can be used to measure
these network coefficients most easily. The transistors were connected as grounded
emitter although either of the other two connections would have been permissible.
From these measurements, the equivalent circuit parameters of all the useful equivalent circuits are easily evaluated.
Single stage circuits utilizing feedback techniques are investigated. It is found that
the transistor is inherently a feedback device due to the presence of the shunt element
in the T or 7t equivalent circuits. Furthermore, it is found that feedback can be controlled by the addition of circuit elements which modify the value of these shunt elements. The addition of circuit elements (including transformers) which directly modify
the shunt element of the T equivalent circuit, termed "series added feedback," are
handled separately from the addition of circuit elements which directly modify the shunt
element of the 7t equivalent circuits termed "parallel added feedback." In cases where
both series and parallel feedback are involved, a method is used to convert the parallel
feedback to series feedback or series feedback to parallel feedback, whichever is most
desirable.
Several useful series and parallel feedback circuits are illustrated and
analyzed.
To analyze the single stage feedback circuits, two sets of general equations are derived: one set for T equivalent circuits and one set for 7t equivalent circuits. Each
set is· written in terms of the network coefficients and is applicable to each of the three
connections studied. In each set are equations for input impedance, output impedance,
voltage gain, current gain, power gain, return difference, sensitivity and the instability
condition. The form taken by these equations when the transistor is terminated in its
image impedance is also given. It is found that the series feedback circuits are most
easily handled by the equations pertaining to the T equivalent circuits, while parallel
feedback circuits are most easily handled by the equations pertaining to the 7t equivalent circuits. Analysis of both series and parallel feedback circuits for all three connections shows that matched input impedance, matched output impe.dance, power gain,
return difference and stability are very much depende,,., upon f4edback and can be controlled through use of feedback techniques.
Cascaded transistor circuits are found to present no great problem when a method
termed "circuit reduction of active networks" is used. This method consists of reducing a cascaded circuit of any number of stages to one four-parameter equivalent circuit.
This composite equivalent circuit(T or 7t )is identical to the T or 7t equivalent circuits
used for the previous single stages. No restriction is placed upon the equivalent circuit representation of each individual transistor.
When feedback is added to the cascaded circuits, it is found that circuit reduction
can still be applied in most cases. The feedback considered maybe of either the series
or the parallel form, involving any number of stages. Of most significance, after the
cascaded circuit has been reduced, the general circuit equations derived for ~ingle
stage circuits still apply.
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ACTION OF HERBICIDES ON WOODY PLANTS1
LOWELL S. GLEASON2
Department of Botany and Plant Pathology
In recent years there has been a great d e al of interest in chemical brush control.
This interest has been due in part to the discovery of growth regulator chemicals such
as 2, 4-dichlorophenoxyacetic acid (2, 4-D) and 2, 4, 5-trichlorophenoxyacetic acid (2, 4,
5-T), which have made brush control economical on large areas where formerly it was
considered uneconomical or impossible. A continued interest in brush control is emphasized by the increasing use of 2,4, 5-T, which is used primarily for control of woody
plants, while the use of 2,4-D has remained constant.
Applications of herbicides w e re t;nade to elm (lllmus americana and U. fulva), oak
(Quercus macrocarpa and Q. borealis), honey locust (Gleditsia tricantho~) and hickory
(Carya ovata) by injection into notches on the stem. Elm, oak, hickory, cherry(~
serotina), box elder (Acer negundo) and buckthorn (Rhamnus spp.) were treated by
spraying herbicide solutions on the basal portion of the stem, here referred to as the
basal stem method. Foliar applications of herbicides were made to buckbrush (Symphoricarpos orbiculatus). Excised, d ormant twigs of willow (Salix amygdoloides) were
treated at various positions and with various concentrations of herbicides to investigate
the response of d o rmant buds to herbicides. Multiflora rose (Rosa multiflora) was
treated with hormone herbicide s in an attempt to measure translo~ons under different conditions. Applications to elm stumps were made to corroborate. the results of
the basal stem treatments. Individual plants were used as the experimental unit with
all methods except the foliage spray method, where square rod plots were used.
Basal stem applications of herbicides w e re most effective when applied in late May
at the full-leaf stage of development. Higher concentrations and higher rates of application were more effective than lower concentrations or rates. Basal stem applications
gave better control than soil applications, and 2,4, 5-T esters produced more cambium
and root kill than 2, 4-D esters . Para-chlorophenyl-1, ! '-dimethyl urea (CMU) was
toxic to elm but the results were incomplete . Basal stem treatments affected all species treated. Stump applications were effective and the results were similar to basal
stem applications .
Injection applications were more effective during the full-leaf stage of growth, affected all species treated, and showed promise of being an econ omical method of controlling woody plants. Amine formulations gave better control then esters. 2-Methyl,
4-chlorophenoxyacetic acid (MCP) and 2, 4, 5-T formulations were generally inferior to
2, 4-D, and applications near the ground were more effective than those higher.
Foliage applications using water as a carrier were more effective than those using
other diluent•. The addition of a wetting agent increased the effect of both amine and
ester treatments. Without a wetting agent, ester formulations were consistently better
than amine. Ammonium sulfamate was effective only at higher rates; 2, 4-D formulations gave better control of buckbrush than 2, 4, 5-T, and MCP formulations were consistently inferior to 2, 4-D.
Excised willow twig experiments showed that there was a response to varying concentrations of herbicides.
Basal applications were more effective than apical and
showed more translocation. Growth of apparently normal buds was inhibited by 2, 4-D
and 2,4, 5-T.
Multiflora rose as a test plant for translocation experiments gave such variable
results that no differences could be measured.

1Doctoral thesis no. 1438, submitted July 15, 1953. Cheirman or Committee, w. E.
Loomis, Department or Botany and Plant Pathology.
2B.s., Iowa State College, Ames, Iowa, lq5o. K.s., Agricultural and Mechanical College
of Texas, State College, Texas, 1951. Graduate Assistant, Agricultural Experiment
Station.
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MOLECULAR ORBITAL TREATMENT
OF SUBSTITUTED BENZENE SPECTRA 1
LIONEL GOODMAN'
Department of Chemistry

It is shown in this study how the conventional naive semi-empirical molecular orbital approach for conjugated hydrocarbons may be complemented by means of theoretically computed electron repulsion integrals in a manner suggested by the more rigorously founded SCF procedure. This is shown to give satisfying results in three examples, with a considerable reduction in labor as compared to the complete ASMOmethod.
The method is carried over in a natural and simple manner to substituted hydrocarbons,
providing unambiguous methods of evaluating empirical resonance and inductive parameters. The concept of "weak" and "strong" substituent is developed, and it is shown
how these provide simple intuitive approaches to the estimation of interaction parameters in the theory. The inductive and resonance effects upon the energy levels are
shown to be far from additive, · and indeed are dependent upon each other. The dependence is analyzed, and it is indicated which ones are important (and determinable) from
various experimental situations.
The modified semi-empirical method is applied to the general problem of the prediction of spectra of substituted conjugating hydrocarbons. It is shown that the new
method has many of the advantages of the more rigorous ASMO approach in, for example, distinguishing between states of different multiplicity, without the attendant disadvantages of overly lengthy computation, too large singlet-triplet separations, and the
like. The case of limited configuration interaction arising from degenerate or neardegenerate levels in the parent hydrocarbon is discussed in detail from the viewpoint of
"strong" and 11 weak 11 substituents. It is shown that this is a factor of major importance
in molecules to which it is applicable and that a consideration of its effect can be used
for the assignment of transitions. A method is suggested in which empirical parameters determined from 71-71 spectra can be used in the prediction of n -71 spectra.
Brief attention is given to the problem of polysubstitution, and to the calculation of delocalization energies and 1t -electron moments.
The procedure is then applied to substituted benzenes. Several of the derived conclusions are verified for these compounds. Empirical parameters are evaluated for a
series of substituents from the long wavelength transition and ionization potential.

1Doctoral thesis no. 1521, submitted April 7, 1954. Chairman of Committee, Harrison
Shull, Department of Chemistry.
2B.A., New York UniTersity, New York City, 1948. M.S., Cornell University, Ithaca, N.Y.
1950. Jr. Chemist. Research Aeeistant, Institute for Atomic Research.

SELECTIVE CHEMICAL ANTAGONISM
OF LACTIC STREPTOCOCCUS BACTERIOPHAGE 1
DEE Mc DONALD GRAHAM'
Department of Dairy Industry
Discovery of an effective inhibitor of lactic strtptococcus bacteriophage (bacterial
virus)would have a definite practical application in the cheese andcultured milkindu~
tries. In addition, present knowledge indicates that selective chemical inhibition is the
only method by which the processes leading to virus synthesis can be divorced from the
normal host metabolism sufficiently to permit mechanistic studies of virus multiplication. The influence of various agents and the mode of action of crystal violet in retarding the development of bacteriophage were studied in this work.
Experiments were carried out in two media, differing in the level of definition.

1Doctoral thesis no. 1505, submitted January 25, 1954. Chairman of Committee, F. E.
Nelson, Department of Dairy Industry.
2 B.s., Mississippi State College, State College, Kies., 1950. K.s., Iowa State College,
Ames, Iowa, 1951. Research Associate, Agricultural Experiment Station.
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Results obtained in trypticase soy broth (Baltimore Biological Laboratories)were confirmed in a partially chemically defined medium. A paper-disc, agar-diffusion method
was employed for primary screening, and quantitative methods were employed for confirmatory investigation. These methods were designed for the study of such characteristics of virus growth as viability of particles (virucidal effects), attachment to host
cells (adsorption), penetration of host cells (invasion), rate of multiplication (latent
period and virus yield), release of virus (rise period), extent of proliferation (burst
size) and destruction of host bacteria (mass lysis). The influence of inhibitors on the
rate of multiplication of host cells also was studied.
Ninety-nine selected compounds and eleven antibiotic-producing organisms were
tested for antiphage activity and host toxicity. Most of the agents tested, although previously reported as selectively inhibitory to the virus in one or more other virus-host
systems, did not prevent multiplication of lactic streptococcus bacteriophage. Several
compounds which retarded virus development were extremely toxic to the host bacteria.
Many other toxic agents did not influence directly the proliferation of bacteriophage.
Crystal violet suppressed growth of two bacteriophage strains at very low levels
(1. 0 x lo-7 M) which permitted normal multiplication of the host cells.
Failure of
crystal violet selectively to prevent development of many bac:teriophage strains suggested possible variations in the multiplication mechanism of different viruses. Strains
of host bacteria selected from large populations by means of resistance to relatively
high levels of crystal violet did not differ from the original type in the level of dye required to inhibit virus growth on the different strains. Virustatic levels of crystal
violet did not destroyunadsorbed virus, reduce adsorption or prevent invasion; increase
of virus was reduced in one-step growth experiments; mass lysis was prevented or delayed in long-time experiments. Addition and removal of crystal violet at various intervals during the latent period resulted in virus yields directly related to the portion
of the latent period during which no dye was present. Removal of crystal violet following its presence during most of the latent period resulted in a slight delay in the release of virus. Burst size experiments indicated that the yield of plaque-forming particles per infected bacterium was reduced; the proportion of infected bacteria giving
rise to active progeny did not appear to be influenced to a significant degree. The evidence indicates that crystal violet interferes with a late phase of intracellular multiplication of the virus .
Inhibition of virus by crystal violet was not counteracted by yeast extract, reticulogen (liver extract), hydrolysed casein, tryptophan or sodium thioglycolate. Crystal
violet was antagonized by desoxyribose nucleic adid (DNA) but not by ribose nucleic
acid in vivo; precipitation of DNA by crystal violet was demonstrated in vitro. The
constituent purine and pyrimidine bases of DNA (adenine, guanine, cytosine, and thymine), as well as D-ribose, did not overcome the inhibitory effect of crystal violet.
Analogs of folic acid, purines, pyrimidines and one nucleoside analog did not prevent
virus multiplication. The data indicate that inhibition of bacteriophage by crystal violet may result from combination of the dye with virus DNA at some critical stage in
the incorporation of DNA into the virus particle.
Only a small proportion of the bacteriophage strains tested were inhibited selectively,
and the inhibition ratios were rather narrow in these cases. These facts make crystal
violet unsuitable as a bacteriophage inhibitor in commercial dairy fermentations.
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CATALYTIC OXIDATION OF PROPANE1

J. DENNIS GRIFFIN2
Department of Chemical Engineering
The production of alcohols, aldehydes, ketones, and acids by the oxidation of propane is possible and economically attractive, with raw materials representing only two
to twenty per cent of the product selling price. Commercial noncatalytic processes
now produce mixtures of these products which are difficult to separate and purify.
The high temperature catalytic oxidation of propane by oxygen was studied in a simulated fluidized bed at atmospheric pressures with no recirculation of catalyst. This
process was developed in an attempt to provide the temperature control and the promotion of a specific reaction which are necessary to yield given oxygenated chemicals
from oxygen and propane.
The experimental equipment provided for mixing heated, measured amounts of oxygen and propane in the presence of catalyst at various temperatures and flow rates. A
mechanically-agitated bed of catalyst was used to simulate a conventional fluidized bed
in a 1. 25 inch pipe.
Twenty-four runs are reported, made at temperatures up to 1, 000°F on feed mixtures, containing from 10 to 30 per cent oxygen, flowing at rates of 3, 000 to 7, 000 cc.
per minute. The four catalysts of Celite and copper o~ide on Celite were not selective,
producing mixtures consisting mainly of aldehydes and ketones with smaller amounts
of alcohols and, occasionally, acids. These useful products contained a maximum of
3. 66 per cent of the oxygen fed. If unreacted propane were recycled, a maximum of
7. 4 per cent of the fresh carbon feed would have been converted to useful products.
With the catalysts used, temperature was most influential on the reaction, with no
products found below 800° F. The temperature control demonstrated by the apparatus
was found to be limited by operating temperature, feed composition and the catalyst
used. In the ranges studied, feed composition and flow rate had little effect on conversion of oxygen fed. Dehydrogenation of the propane, with the formation of substantial
quantities of unsaturated hydrocarbons, was found to accompany yields of useful products. The unsaturated hydrocarbons contained a maximum of 21. 5 per cent of the
carbon fed. If unreacted propane were recycled, a maximum of 85.0 per cent of 0 the
fresh carbon feed would be found as unsaturated hydrocarbons.
The investigation did not reveal the selective catalyst sought but did demonstrate
the advantages of a fluidized bed for the control of exothermic reactions. The necessary analysis procedures were complicated and time consuming and limited the information obtainable.

1Doctoral thesis no. 1439, submitted July 15, 1953. Chairman or Committee, G.H. Beyer,
Department or Chemical Engineering.
2B.Ch.E., University or Dayton, Dayton, Ohio, 1948. Graduate Assistant.

ADSORPTION FROM BINARY NONAQUEOUS
SOLUTIONS ON NONPOROUS ADSORBENTS1
ROBERT D. HANSEN 2
Department of Chemistry
The adsorption of the hydrocarbons cyclohexane, decane, and dodecane from methanol and ethanol solutions, and of octane from methanol solution was investigated at
25 • C on the carbon black Spheron-6, the graphitized carbon black Graphon, and the
artificial graphite DAG-I. The purpose of this investigation was to establish experi. mentalli: the effects of variation of solute activity, the chain length of solute molecules,
the nature of the solvent, and the nature of the carbon surface upon the amount of solute

1Doctoral thesis no. 1441, submitted July 16, 1953. Chairllllll\. o! Collllllittee, Robert
Hansen, Departl!lent or Chemistry.
2 B.A., Valparaiso Univereity, Valparaiso, Indidna, 1950.
Research Assistant, Institute !or Atomic Research.
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adsorbed from solution. It was also the purpose to determine whether the generalizations developed from studying the adsorption of aliphatic acids and alcohols from aqueous solutions were due to the peculiar nature of the solvent, or whether these generalizations had universal application to adsorption from solution. Nonporous adsorbents
were used to eliminate capillary condensation effects which obscure the adsorption at
the solid-solution interface by effects dependent upon the physical nature of the adsorbent. The amount of solute adsorbed was determined by interferometric measurements
of the change in solution concentration brought about by equilibration of the solution
with the adsorbent .
All hydrocarbon-methanol systems were of limited miscibility, and adsorption from
the methanol phases showed a rapid rise as the solution concentration approached the
saturation value . The adsorption values reached in these measurements demonstrate
that the adsorption on the adsorbents Spheron-6 and Graphon must be multimolecular;
the similarity of isotherms on the adsorbent DAG-1 to those on adsorbents with which
adsorption is demonstrably multimolecular indicates that the adsorption on DAG- I is
also multimolecular .
In contrast to the adsorption of slightly soluble aliphatic alcohols and aliphatic acids
from aqueous solutions by these same adsorbents, the adsorptions of different hydrocarbon homologues from methanol solutions at the same absolute hydrocarbon activity
were not the same but varied systematically along the homologous series, the lower
homologues being more extensively adsorbed at high activities.
A theoretical treatment of adsorption is developed for the systems of limited miscibility. The theory presented uses a Langmuir mechanism to describe adsorption in the
first molecular layer and a van der Waals force law to describe adsorption in higher
molecular layers . The adsorption equation derived is found to represent hydrocarbonmethanol experimental data satisfactorily, and the constants show a physically reasonable variation along the homologous series.
For the miscible systems, the adsorbent Graphon was found to adsorb all hydrocarbons positively over the entire concentration range. The adsorbents Spheron-6 and
DAG-1 led to isotherms which inverted athigh hydrocarbon concentrations, ethanol
being positively adsorbed at very high hydrocarbon concentrations. It is shown that
the adsorption of hydrocarbons from ethanol solutions cannot be interpreted reasonably
in terms of a preferred molecular structure on the surface, but can be interpreted
reasonably in terms of surface oxide complexes and differences in fall-off laws for van
der Waals forces from infinite films and semi-infinite slabs. Arguments based on the
comparison of isotherms for adsorption of hydrocarbons from methanol and ethanol
solutions are presented to show that adsorption of hydrocarbons from ethanol by the
adsorbents studied is also multimolecular.
Comparison of the adsorption of hydrocarbons from methanol solutions on the different adsorbents shows that the adsorption on Graphon was the greatest at all concentrations. The difference in the adsorption on Spheron-6 and the adsorption on DAG-1
is explained in terms of differences in fall-off laws of the adsorption potentials .for
these two adsorbents.
The preferential adsorption of ethanol from hydrocarbon-ethanol solutions on the
adsorbents Spheron-6 and DAG-1 is explained on the basis of surface co.m plexes which
possess specific affinity for alcohol molecules. The absence of preferential adsorption
of. ethanol on Graphon is the result of removal of these surface complexes during the
graphitizing treatment.
Eight tables of experimental data and nineteen graphs are presented in support of
the above observations and conclusions.
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SOME CORRELATIONS OF CHEMICAL CONSTITUTION
AND PLANT HORMONE ACTION1
HOWARD ALEXANDER HARTZFELD'
Department of Chemistry

A brief survey of the literature was made to determine the present state of knowledge correlating chemical structure with plant growth activity . The survey included
several classes of organic compounds . As all these compounds were not tested by the
same method, a comparison of the reported activities must be made with the realization that such activities depend not only on the compound but also on the method of testing and on other factors
In the present investigation a number of compounds structurally related to substances
of known plant growth activity were synthesized to be tested for formative activity .
Most of these compounds were aryloxyalkanoic or arylenedioxyalkanoic acids, derivatives of these acids, or compounds bearing a structural resemblance to them.
A number of oxyalkanoic acids were prepared by the reaction of a phenol (sodium
salt) or phenolic-type compound with a haloalkanoic acid or with its aklyl ester followed
by saponification. These acids include 2-methoxy-4-chlorophenoxyacetic acid (m.p.
141-143°), 3 - chloro-2 - naphthoxyacetic acid (m.p. 183-185°), 6-bromo-2-naphthoxyacetic acid (m.p. 226-229°), 5, 7-dichloro-8-quinolineoxyacetic acid (m.p. 219° dee.),
5, 7-dibromo-8-quinolineoxyacetic acid (m . p. 222-224° dee.), 5, 7-diiodo-8-quinolineoxyacetic acid (m.p. 199° dee.), and a.~(2,4-dichlorophenoxy) palmitic acid (m.p. 75760; amide, m.p. 77-79°; anilide, m.p. 81-83°). The method failed in efforts toprepare
4-chloro-o-phenylene-dioxydiacetic acid, 1, 6-dibromo-2-naphthoxyacetic acid, 2-carboxy-4-chloronaphthoxyacetic acid, 4'-(2, 4-dinitrophenylamino) phenoxyacetic acid,
l-aminoanthraquinone-4-oxyacetic acid, flavone-3-oxyacetic acid, and 5-sulfo-7-iodo8-quinolineoxyacetic acid. Ethyl 3-pyridineoxyacetate (b.p. 97-98° (0.2 mm), n 2 9D

i. 5053, ~284 l. 154 )
was prepared from 3-hydroxypyridine and ethyl bromoac~tate.
Presumably 2-hydroxyquinoline reacted with ethyl chloroacetate to give, upon hydro- .
lysis, 1, 2-dihydro-2-keto-l-quinolineacetic acid (m . p. 282° dee.). No pure product
was obtained from the reaction of 8-hydroxyquinoline with chloroacetic acid or ethyl
chloroacetate.
Refluxing 48 per cent hydrobromic acid selectively cleaved one ether linkage of 2methoxy-4-chlorophenoxyacetic acid to give 2-hydroxy-4-chlorophenoxyacetic acid
(m.p. 124-126 ° }; refluxing concentrated hydrochloric acid did not effect this cleavage.
2-Hydroxy-4-chlorophenoxyacetic acid was converted to the lactone (m.p. 67-69°) upon heating at .150-155 •.
Ethyl ~-phenylenedioxyacetate (b . p. 79-81 • (0.3 mm.), !!.24 D 1. 5127} was synthesized from catechol (dis odium salt) and ethyl dichloroacetate. From this arylene ester
were prepared the amide (m.p. 110-112°), hydrazide (m.p. 185 - 187°), anilide (m.p.

135-137°), and !!_-butyl ester [b.p. 100-102° (0.3 mm), !!.29 D 1.4907,

l

84 1.125].

Ethyl 4-chloro-~-phenylenedioxyacetate [b.p. 108- 109° (0 . 4-0.5 mm), !!.29 D 1.5331,
d 284 1.325] was synthesized from 4-chlorocatechol and ethyl dichloroacetate.
A mixture of unidentified products was obtained in the reaction of l-bromo-2-(_fchlorophenoxy) ethane with silver nitrite.
2,4-Dichlorophenoxyacetaldehyde diethylacetal [b.p. 106-108° (0.2 mm.), !!.24 D
1. 5065, ~264 1.190) was synthesized from 2, 4-dichlorophenol(sodium salt) and chloroacetal in a reaction carried out at 195-200°. The free aldehyde (m.p. 57-60°) was
obtained through acid hydrolysis of the acetal. Derivatives of the aldehyde which were
prepared consisted of the semicarbazone (m.p. 181-183° dee.), thiosemicarbazone
(m.p. 155-157°), 4-nitrophenylhydrazone(m.p.184-186°), and 2,4-dinitrophenylhydrazone (m.p. 172-174°). In other trials attempts to prepare the 4-nitrophenylhydrazone
and 2, 4, 6-trichlorophenylhydrazone led to the corresponding bisphenylhydrazone of
glyoxal. Attempts to prepare certain other derivatives of the aldehyde failed.

lnoctoral thesi• no. 1467, aubmitted ·November 30, 1953. Chairman ot Colllllittae, Henr7
Gilman, Department ot Chemistr7.
2A.B., ltanea• State Teacher• College, Pittsburg, Kans., 1949.
Graduate A•sistant, Industrial Science Research Institute.
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Efforts to acylate thiophene and furan with 4-chlorophenoxyacetyl chloride, using
stannic chloride as the catalyst, resulted in intramolecular cyclization of the acid
chloride to give 5-chloro-3(2H)-benzofuranone (m.p. 118-120°) as the only product
is elated.
A list of compounds which were made available for testing for formative activity is
given. Those results which had been received prior to the time of the writing are included.

THE ECONOMICS OF FARM SIZE IN CASH-GRAIN FARMING IN !OW Al
CECIL BERDEEN HAVER 2
Department of Economics and Sociology
This study was focused on the farm size question. Specifically the objectives were
to obtain for the cash-grain farms of central and north central Iowa: (a) an estimate of
cost and production coefficients to explain the nature of cost economies and returns to
scale; (b) an estimate of the effects of risk and uncertainty on farm size choices. A
further objective was to obtain a comparison of alternative techniques in analyzing returns to scale problems.
The basic data for the production and cost function analysis were obtained in 1948
from 187 farm business schedules. A probability sample, modified to yield more nearly
equal numbers of farms in all possible size groups was used in obtaining these schedules. A follow-up questionnaire to study the uncertainty aspects of the farm size problem was obtained from a subsample of 115 of these farmers .
The production function analysis indicates that:
l. the optimum sized cash-grain farm is at least twice the present modal sized
cash-grain farm in this area;
2. statistically significant increasing returns (decreasing costs) are apparent until
the 300 to 400 crop acre size (320 to 480 total acres); within and perhaps beyond
this size range constant returns are approximated;
3. the optimum sized cash-grain farm under present technology is one that has 300
to 400 crop acres; the cost economies of farms in this size range .are significant
and sizeable;
4. the cost advantage or resource efficiency of larger sized farms arise due to
internal economies in the proportionality of factors;
5. factors other than explicit rising costs and returns must limit size, or farmers
are interested in goals other than those that would be obtained with least cost
farm sizes;
6. resource adjustments between resources on cash-grain farms are necessary; the
marginal productivity estimates of current operating inputs are high and labor
inputs low.
Single equation methods using regressions in the logarithms, or multiple correlation analysis, proved to be more satisfactory than simultaneous equation methods in
obtaining estimates of production and cost functions. To examine the nature of short
run costs and returns, production and cost functions were fitted to three size group
stratifications of the data. The functions were interesting but not significant.
Most cash-grain farms in Iowa are not at the optimal (least cost) size. Why they
are not at optimal size may be accounted for in part by the effect of uncertainties and
risks that condition the goals, decisions, actions, and outcomes in farming.
Cash-grain farmers believe that:
1. the least cost farm is larger in size than the one they are now operating or larger
than the modal unit of north central Iowa;
2. the optimal farm size is an increasing function of equity and a decreasing function
of "risk", and that size diseconomies are preferable to the increased chance of
insolvency;
3. share renting is more safe than cash renting and under either arrangement the
optimal size chosen varies directly with equity position;

lDoctoral thesis no. 1552, submitted June 4, 1954. Chairman or Colllllittee, Earl o.
Heady, Department of Economics and Sociology.
2 B,S.A., UniTeraity ot Saskatchewan, Canada, 1946, K.s., UniTeraity of California,
Berkeley, Calit., 1947. Fellow, Agricultural Experiment Station.

422

ABSTRACTS OF DOCTORAL THESES, 1953-54

4. the greater the price certainty and the greater the equity of the farmer, the
greater the optimal size of farm operations;
5. reductions in uncertainties and risks in farming do and will encourage an upward
trend in farm size.
Cash-grain farmers "over-invest" in farm power and equipment to meet weather
risks. The analysis indicates that (a) on the average 23 per cent more land could be
farmed under ideal weather conditions with the machinery farmers have to maintain for
normal weather conditions; (b) larger capacity equipment on the larger sized cashgrain farms enables the farm to carry on near maximum operations regardless of
weather risks; whereas on small farms much over-investment in machinery must be
maintained in order to keep flexible enough to mett the strains and stresses of bad
weather; (c) larger machines have more built-in capacity and job flexibility, therefore
where farm size adjustment is slow, cooperative, joint or corporate ownership of certain large machines for custom work would reduce risks and overhead on under-theoptimu.m..sized farm units.
The study also provides estimates of the relative costs of operating farms with various machinery combinations, and, by a ranlting procecure, "best" or least cost farm
sizes were established for cash grain farming in central and north central Iowa. A
two-man farm unit, with 320 ac.res and a specified machinery combination, was the
technical unit chosen as being capable of producing at least cost. For one-man farms,
the 240-acre unit with a specified machinery combination was the least cost unit in this
category. Cash-grain farms from 240 to 480 acres were considered to be least cost
units. Farms less than 240 acres were deemed to have considerably higher per-unit
costs and farms larger than 480 acres had doubtful rising per-unit costs.
The economies and returns advantages of optimal farm units are real and are recognized by cash-grain farms. The various ramifications of risk and uncertainty do affect
farm size choices. A trend to larger farm sizes in response to size economies will be
conditioned by the effects of risk and uncertainty. Changes in institutional arrangements and technological developments particularly are reducing the "risks" in farming
and thereby facilitating ' size adjustments. But these adjustments have been slow, therefore if society's goal is efficient food production, programs are needed to remove impediments to expanding farm size. However, society is also concerned with social
costs and other goals. Therefore, if society deems it more important to keep the max.imum number of farmers on the land, or at least not reduce present numbers, then
programs are needed to prevent the trend to larger farm sizes that is taking place in
response to size economies and reduced "risks. 11

IONIZATION YIELDS OF FISSION FRAGMENTS IN GASES 1
LLOYD OTTO HERWIG 2
Department of Physics
The present problem arises from a consideration of some of the experimental and
theoretical results which were obtained previously, some of whicJi will now be briefly
mentioned. Fission fragment mass distributions which were derived from data obtained
from double ionization chambers using argon plus carbon dioxide gases disagree with
those obtained by means of radiochemical analysis of the fission products. Fission
fragment velocity distributions which were also derived from double ionization chamber
data disagree with that obtained from a direct measurement of velocities. Furthe.r,
these double ionization chamber measurements of the total kinetic energy of fission
give lower values than those estimated from calorimetric measurements. These disagreements are explained by assuming the W (average energy per ion pair) values of
fission fragments stopped in an ionization chamber gas are of the order of 5 per cent
larger than those for alpha particles which are used as the basis to calculate fission
energies. On the basis that fission fragments lost greater percentages of initial energy
1Doctoral thesis no. 1486, aubmitted December 12, 1953. Chairman ot Comnittee, Glenn
H. Killer, Department ot Pbyaica.
.
2B.A., Luther College, Decorah, Iowa, 1943. K.s., tlniTeraity ot Iowa, Iowa City, 1947.
Research Aasistant, Institute tor Atomio Reaearoh.
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through elastic collisions and that recoil argon gas atoms had reduced ionization efficiencies, a theoretical calculation in terms of an ionization defect appeared to justify
this viewpoint. The ionization defect is thought to arise from energy transfer through
elastic collisions and,hence, should be a function of the atomic mass of the gas.
Since in an ionization chamber the secondary ionization efficiencies of recoil gas
atoms appeared to play an important part in the stopping of fission fragments, it was
of interest in this experiment to determine whether the ionization defect of fission fragments was a function of the mass of the stopping gas.
Ionization distributions were obtained for fission and slpha particles using a parallelplate gridded ionization chamber employing electron collection. A natural uranium
film was irradiated with d-d reaction neutrons to produce fission. Comparison of the
most probable pulse voltages for fission fragments with those of alpha particles, combined with known alpha energies, gave the so-called fission energies. Fission energies
which were measured in various gases and gas mixtures were compared with each other
to determine differences in the ionization defects between gases.
The ionization defects of the most probable fission fragments stopped in helium,
neon, nitrogen, argon plus 5 per cent nitrogen, and argon plus 3 per cent carbon dioxide were measured relative to those of argon. These measurements of the differences
between ionization defects for fission fragments between gases were made under the
assumptions that the alpha particle ionization defects in the gases were not very different and were relatively small compared to the alpha particle initial energy .
Differences in the ionization defects between argon and helium gases were observed
to be about one-third as large as those which were expected on the basis of increased
ionizing efficiency for lighter recoil gas atoms. The smaller observed differences
might be due to changes in the average charge of fission fragments between .gases,
double ionization in helium gas, and metastable states in helium gas. Differences in
the defects between argon and neon gases were not regarded as significant. Since the
masses differ by only a factor of two, a large difference was not expected. Large differences in the defects between argon and nitrogen gases and between argon and argon
plus carbon dioxide were observed. These were not expected on the basis of the variation of the ionizing efficiency with the mass of the recoil gas atoms, or atomic ionization defect. They were explained qualitatively in terms of a molecular ionization defect.
The large magnitude of the difference between argon and argon plus 3 per cent carbon
dioxide was surprising in view of the small quantity of carbon dioxide present. Differences in the defects between argon and argon plus 5 per cent nitrogen were not regarded
as significant although the presence of 5 per cent of a molecular gas might be expected
to give rise to a small difference .
The differences between ionization defects in argon and argon plus carbon dioxide
gases was used as a basis to suggest that the ionization defect attributed to argon gas
might not be as large as has been indicated and that the discrepancey in the measurements of the ionization defect for alpha particles in argon gas might be resolved.
The operating characteristics of a gridded parallel-plate ionization chambe r were
investigated, and the particular effects, such as electron multiplication about the grid
wires, ratio of fields for complete electron collection, rise time of ionization pulses,
and alpha and fission saturation curves, were observed as a function of the chamber
gases. A ·correlation was observed between the minimum ratio of fields necessary for
complete electron collection in a gas and the calculated magnitude of the electron diffusion in the gas. Mention of this correlation has not been found in the literature •
Multiplication of electrons about the grid wires was observed for argon and neon gases.
Alpha particle saturation curves in the various gases have been observed with greater precision than those which have been found in the literature.
A relatively simple method of making large, uniform, natural uranium sources was
devised and used in the present experiment . It appears readily applicable to making
source thicknesses over the range from a few micrograms to several milligrams per
square centimeter.
. The use of mixtures of argon plus carbon dioxide gases in the present chamber has
been found to produce some undesirable characteristics. Sahlration characteristics
for alpha particles appeared to be a function of the per cent of carbon dioxide present
in the argon and of the pressure of the gas mixture. Mixtures of argon and nitrogen
gases appeared to give the same desirable characteristics as the argon and carbon dioxide mixtures without the apparently undesirable effects.
The relative values of Wa, using electron collection in the present experiment,
compared well with the literature values, which were obtained using total ion collection.
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PERSONAL, SOCIAL, AND ECONOMIC FACTORS CONDITIONING FARMERS'
DECISIONS AND RESOURCE USE ON CENTRAL PENNSYLVANIA DAIRY FARMS1
CARROLL VERNON HESS 2
Department of Economics and Sociology
Past farm management studies show that few farmers attain the simple optimum
position characterized by perfect knowledge and unlimited capital. Why do farmers not
adjust their operations to the equilibrium assumed in classical theory and conventional
research?
Some writers maintain that farmers lack knowledge of the principles involved, of the
production coefficients and price data concerning factors and products. Others maintain that farmers have all this knowledge; that forces such as institutional arrangements
(leases, marketing quotas, pricing policies, etc.) condition their adjustment to the optimum. Still others emphasize that it is economic uncertainty or the value system of
the individual farm operator (his goals or objectives in life, his standard of attainment,
etc . ) that keeps the farm firm from attaining the simple optimum of static theory.
There has been little empirical work to test these several hypotheses or assumptions.
It was toward this end that this study was undertaken with the following specific objectives in mind:
l. To determine the factors or conditions responsible for the deviation of the present
position of the firm from some "feasible and desirable standard of performance."
2. To determine reasons why the entrepreneur does not take the necessary steps or
measures to improve on his firm's position.
The study was confined to an analysis of the dairy enterprise for two important reasons.
First, approximately 41 per cent of gross market receipts to Pennsylvanial
farmers in 1950 was derived from the dairy enterprise. Secondly, a complete labor
income statement and a cost of milk production schedule was available for the 1948-49
year on a large group of central Pennsylvania dairymen which could be sampled for
this study. These reasons seemed to justify concentrating attention on the dairy enterprise. Only owner-operator dairymen were questioned because of a tendency for tenants to rationalize many of their decisions and actions in light of their tenure arrangements. Questionnaires on 151 owner-operators were analyzed for this study. Major
attention was given to the role of knowledge, capital rationing and certain psychological
and sociological factors in explaining farmers' actions.
The results of the knowledge test, which quizzed the farmer on the technical phases
of dairy production, suggested that a high proportion of our farmers lacked much of
the basic knowledge required for proper decision-making. (Scores ranged from 96
down to 10 with an average score of 66 based on a perfect score of 100). The gap between the present state of knowledge of many farmers and that required actually to
adopt improved practices is apparently greater than frequently appreciated. The importance of overcoming knowledge deficiencies is suggested by the. fact that those operators who made high scores on the knowledge test h.ad higher-producing herds which
yielded higher returns above feed costs per cow, and were operating farms which earned
much higher labor incomes as well. Thus we very often find only mediocre levels of
performance on farms operated with insufficient knowledge when the available resources
might suggest much higher levels of accomplishment. These facts would seem to support the notion that improvement in farmers' knowledge would serve to improve the
efficiency and profitableness of many farming operations. However, since proper
knowledge was found to be related to many other desirable personal characteristics
and to apparently correct decisions, it ia difficult to determine how much of farming
success can be attributed solely to proper knowledge.
Despite the importance of knowledge, the study makes it clear that lack of knowledge
by no means accounts for all of the failures to adopt appropriate measures. A farmer

1Doctoral thesis no. 1493, submitted December 14, 1953. Chairman or Co111Dittse, Earl o.
Heady, Department ot Economics and Sociology. Thia study was conducted in 1949 a•
Project No. 1116 of the PennaylTania Agricultural Experiment Station, the PennsylTania
State UniTer•ity, State College, PennaylTania. The author was a member of the staff ot
the Department of Agricultural Economics and Rural Sociology ot that institution at the
time or the study.
2B.s., Penn•ylTBDia State College, 1947. u.s., Iowa State College, Ames, Iowa, 1948.
Instructor.
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may have full appreciation of the profitableness of the measure under consideration,
of the costs involved, and possess the necessary knowledge to carry through with the
practice as recommended, but why does he not take the appropriate action? The answer
quite frequently, as evidenced by this study, is a lack of necessary funds. Thirty-eight
per cent of the operators in this study indicated need for additional funds to effect certain desired measures regarding the dairy alone.
We further ask ourselves--if these operators fully appreciate the need for additional
funds to effect the measure, do they intend to obtain the necessary credit? Eighty-eight
per cent of the operators expressing a need for additional funds felt certain that they
could obtain the needed credit . Out of these 51 operators who felt the credit to be
available, 45 indicated a preference not to borrow the needed funds, thus pointing up an
internal capital-rationing problem. Making credit available is bot the solution to the
capital rationing problem in these instances. The existence of current indebtedness
and uncertainty explained the hesitancy to borrow in half the cases, while another 17 of
the 45 operators indicated that they "just do not like to borrow money."
Assuming that knowledge and capital limitations were removed, could it be assumed
that the firm would automatically approach some optimum level of performance? For
this to be accomplished, the operator must be interested or motivated to operate his
farm in the most profitable manner. U the necessary motivation is lacking, the removal of capital and knowledge limitation may not produce the expected improvement in
the farm 1s operations.
This study suggests that the dairyman's concept of "good" production or his "standard of good production" (as reflected by his culling level) apparently serves as a source
of motivation to improve his herd's production. It was shown that those operators with
high "concepts" and "standards" were operating dairies with herds averaging well above
their neighbors who had lower "concepts" and "standards".
Another source of motivation is derived from how the farmer thinks his herd's performance compares with his neighbors. It was found that those operators who tend to
under-rate their herd's performance are actually operating herds with unusually high
production and returns above feed costs. Whereas, those who felt their herd's performance would rank them much higher than they actually are, when compared on an
actual data basis, are operating dairies with lower producing herds yielding only fair
returns above feed costs. The fact that some farmers think their herd's performance
is much better than it actually is (as compared to their neighbors) may discourage
them from taking the appropriate measures to improve their production. These data
suggest that farmers' concepts and self-ratings may be quite influential in affecting
their performance and, hence, imply that they constitute a general problem area of considerable importance to both research and extension workers.
Basically this study has been concerned with the importance of such factors as
knowledge, capital, and such human attributes as operator's concepts and self-ratings
which frequently have been neglected 'in farm management research and education. As
such, it has succeeded in pointing out that these and other factors associated with the
complex human factor in agriculture may be of strategic importance in explaining farmers' actions in the use of their resources. On the other hand, it has not moved very
far towards a fundamental explanation of farmers' actions and decisions or in qualifying
their relative importance. The experience gained in this analysis strongly suggests
that real progress in this direction will require the concentrated and coordinated attention of psychologists, sociologists, and economists to specific problem areas such as
economic and psychological uncertainty, motivation, and goals.
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BELIEFS OF FACULTY CONCERNING FUNCTIONS AND QUALIFICATIONS
OF THE HOME ECONOMICS ADMINISTRATOR IN LAND-GRANT INSTITUTIONS1
FRANCES M. HETTLER 2
Department of Vocational Education
The purpose of this study was to determine beliefs of selected administrators and
home economics staff members regarding functions and qualifications of home economics. administrators in land-grant institutions.
Statements of 70 functions and 28 qualifications were formulated, based on democratic principles of administration.
A panel of 14 individuals judges the proposed
statements on the basis of soundness, clarity and completeness. A questionnaire was
then prepared to secure beliefs of selected administrators and home economics staff
members as to soundness of the proposed functions and helpfulness of the qualifications
in effective administration.
Forty-two land-grant institutions which met these criteria were selected: grants
degrees in home economics, participates in home economics research and extension
work, and is located in continental United States. Since a homogeneous group was desired, institutions for Negroes only were excluded. Questionnaires were sent to the
following administrators in the 42 institutions : president, head of home economics,
home demonstration agent leader, dean of agriculture, director of experiment station,
director of extension and dean of the graduate school. In addition, questionnaires were
submitted to a random sample of 500 resident and extension staff members and to the
panel.
Sixty-five per cent of the 786 questionnaires were returned. The section concerning
qualifications was completed correctly by 83 per cent of the 514 who replied to the
questionnaire. The largest percentages of returns received were from heads of home
economics and home demonstration agent leaders, 83 and 73, ·respectively. Approximately 69 per cent of each of the academic ranks in the resident staff group responded.
Analysis of the findings indicated that one function was believed wholly sound by 97
per cent of the 514 respondents and one was judged sound by only 37 per cent. Eleven
of the 70 functions were believed completely sound by 90 per cent or more of the total
group. The panel members unanimously accepted 25 of the 70 functions as sound and
their approval of only two statements was as low as 50 per cent.
When responses of home economics administrators and presidents were compared,
it was found that they differed more than 15 per cent in acceptance of 12 functions. In
e ight instances approval of the former was greater than that of the latter. The home
economics administrators and resident staff also differed more than 15 per cent in acceptance of 12 func.tions. The administrators approved of these 12 statements to a
greater extent than staff members.
Of the 70 functions to which respondents were asked to react, 67 were believed wholly
sound by at least 50 per cent of the total group and of the panel:
Assumes leadership in: formulating departmental goals that are sound; seeing
that these goals are consistent with institutional goals; developing and evaluating
departmental curricula; helping staff improve quality of teaching; helping staff build
an educational philosophy and scrutinize and revise it, as needed; helping staff develop an awareness that a major goal is development and general welfare of students;
helping staff keep constantly in mind that a major goal is strengthening family living;
stimulating staff to participate effectively in general institutional activities.
Takes final responsibility for, but creates machinery through which staff members may participate in decisions concerning: departmental budget; recommendation
of individuals for appointment to staff.
Promotes work of the department by: assisting staff members in defining duties
clearly; assisting staff in equitable division of duties among its members; cooperating in coordination of specialized interests and activities of staff into an effective
total organization; stimulating staff to participate effectively in departmental efforts;
allowing adequate flexibility for staff members to "grow" inability to take responsibility; recommending for selection, administrative heads of units within the depart-

1Doctoral thesis no. 1453, submitted August 6, 1953. Chairman or Colllllittee, Hester
Chadderdon, Department or Vocational Education.
2 B.s., Iowa State College, Amee, Iova, 1932. K.s., Ibid., 1940.
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ment on the basis of overall interest in home economics as well as qualifications of
leadership in a specific area; assisting in improvement and maintenance of an environment conducive to working cooperatively and effectively toward departmental
goals; encouraging evaluation of use of resources.
Makes provision for: applicants for staff positions being informed of institutional
and departmental philosophies; applicants for staff positions being informed of arrangements that affect their personal welfare; newly appointed staff members being
helped to understand operational details of institution and department; staff having a
clear knowledge of departmental and institutional policies; staff and students participating in development and revision of general departmental policies.
Furnishes opportunity for staff to evaluate and recommend rewards for: contributions of staff members; professional growth of staff members; professional growth
of students.
Provides, as far as possible, conditions which stimulate staff members to: do
professional creative work; continue professional development; contribute to professional organizations.
Works with professional and nonprofessional staffs toward: attainment of reasonable balance among work, home, and outside activities; maintenance of friendly atmosphere.
Stimulates staff and facilitates their use of such means as press, radio, TV, short
courses, talks and demonstrations to: keep general public informed of departmental
program; help families of state with problems; cooperate with various agencies concerned with family life education.
Helps to keep channels of communication functioning effectively.
Cooperates with administrative officers and faculty in: developing institutional
goals; executing institutional policies; facilitating participation of home economics
staff in formulation and evaluation of institutional policies; promoting establishment
of policies of mutual benefit to professional and nonprofessional staff and the institution; conforming to institutional business procedures, preparing statements, for use
in informing state officials, of accomplishments and needs of staff and students of
the department .
Helps general institutional administrator to develop and maintain a sound understanding of home economics and its relationship to the broad purposes of the institution .
Exercises leadership in providing conditions by which students may be helped to
evaluate: their own development; extent to which curriculum meets their needs.
Helps create a program that will foster the understanding among students that
education is a life-long process.
Makes self available and urges staff to be available for contacts with students
to become familiar with their needs and interests.
Shows active interest in providing facilities for the physical, spiritual, civic and
social growth of all students on campus.
.
Maintains contacts with alumnae to: indicate personal interest and help them
develop professionally; seek their evaluation and suggestions for improvement of
departmental program.
Stimulates general administration, faculty, students, extension personnel and
alumnae to: familiarize prospective students and their parents with possibilities
for personal growth and professional opportunities in home economics; encourage
prospective students to avail themselves of these opportunities.
Cooperates with existing institutional agencies, or helps improve them if such
are not adequate, in: placing students and alumnae in positions; keeping personnel
records of students and alumnae in an up-to-date, permanent form; counseling of
students.
Encourages increased understanding and exchange of ideas for improvement of
the educational program: among staff members within department; among staff members within institution; between .c ommunity and departments; with campus visitors.
Maintains working relationships with agricultural experiment station in furthering research work by sharing in: planning and evaluating the program; securing a
competent staff; providing physical resources; planning and using the budget.
Maintains working relationships with the agricultural extension service by: encouraging exchange of ideas between resident and exte·n sion staff members regarding program planning, subject matter and research; assisting in provision of needed
resources.
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Maintains working relationships between home economics and other departments
of institution in: developing programs to meet new needs; providing courses in family life basic to general education; offering courses to non-home economics students
for their professional education.
Inspection of the data indicated need for these revisions of two statements and addition of a third: ( l) participates actively in general institutional activities, (2)maintains
working relationships with the agricultural extension service in helping to find personnel and (3) delegates responsibility, with sufficient authority, to qualified individuals
or groups for the performance of designated functions.
Directions for the section of the questionnaire on qualifications limited respondents
to selection of five of 28 qualities that would help and five that would hinder the candidates in effective administration. These 15 qualities were believed by 50 per cent or
more of the respondents to affect a candidate:
Has skill in helping the staff and students assume some departmental responsibility ; has a friendly approach to people; maintains good physical and mental health;
possesses poise and self-assurance; uses experimental approach to solution of problems, when feasible; gives credit to staff for contributions to departmental affairs;
maintains broad interests in addition to deep interest in professional worki has a
broad vision of home economics including a deep concern for family life education
and its place in higher education; understands clearly the purposes andprinciples of
sound administration and is governed by them; arrives at decisions through careful
consideration of human values as well as efficiency of operation; has skill in evaluating the relative importance of matters needing attention; takes action in situations
at the right time; organizes department so the parts contribute to the effectiveness
of the whole; communicates effectively with staff, students, administration, professional and lay groups, accepts each individual for his own worth with freedom to
develop.
This investigation suggests the need for further studies: (1) conditions under which
administrators could perform the functions believed sound, (2) determination of satisfactions derived from administrative work, (3) beliefs regarding functions of home economics administrators in liberal arts, teacher-training and Negro institutions, (4)
means of identifying qualifications considered desirable in cadidates for administration in home economics and (6) analyses of differences in responses of the academic
groups.

RADIOCHEMICAL STUDIES ON THE PHOTOFISSION OF THORIUM1
DALE M. HILLER 2
Department of Chemistry
Photofission was induced in thorium metal by irradiation in the 69-Mev beam of the
Iowa State College synchrotron. Radiochemical methods were used to determine the
photofission yields at thirteen different nucleon numbers. Using these experimental
points it was possible to estimate the shape of the photofission yield curve of thorium.
The photofission yield curve of thorium had the familiar "double-humped" shape
common to most fission yield curves. 'The ratio of most probable yield to symmetrical
yield was ten; the width of the peaks at half-height was twelve mass units, and the
maximum yields were 6.9 per cent at nucleon numbers 91 and 138. The nuclei which
underwent photofission emitted an average of three neutrons.
Hydrochloric acid was found to dissolve thorium metal with a rapidity which is
unique among all the acids. In order to achieve this rapid dissolving action, it was
found necessary to use a minimum of three gram-molecules of hydrochloric acid per

1Doctoral thesis no. 1300, submitted May 21, 1952. Chairman of Colllllittse, Don s.
Martin, Department of Chemistry.
2 A.B., Miami UniTersity, Coral Gables, Florida, 1948. E.E., l1niTersity of Nebraska,
Lincoln, Nebr., 1947. Research A•sistant, Institute tor Atomic Research.
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gram-atom of thorium. The remainder of the necessary hydrogen ion was supplied
with equally good results by hydrochloric acid, perchloric acid or sulfuric acid.
New radiochemical methods were devised for separating cadmium and cerium from
the acidic thorium matrix solution. Cadmium was separated by the use of thiourea and
Reinecke's salt(~ [Cr(CNS>.{NH1 }z] ·H 20) . Cerium was separated by extracting the
thorium into mesityl oxide from a solution saturated. with aluminum nitrate, then extracting the rare earths into tributyl phosphate and stripping them out with water. The
cerium was then separated from the other rare earths by repeated cycles of bromic
acid oxidation, iodate precipitation and hydrogen peroxide reduction. In addition, a
method for separating iodide and bromide from the hydrochloric acid solution of thorium and from each other by means of controlled oxidation with cerium(IV) prior to carbon tetrachloride extraction was successfully developed.
Although experimental information is not yet as extensive as might be desired, the
following general statements about the photofission process seem justified:
1. The peaks of the photofission yield curve increase in width with the nucleon number of the excited nucleus, but are always narrower than the peaks of the yield
curves resulting from neutron fission of the same nuclei.
2. The ratio of the most probable mode of fission to symmetrical fission increases
with the nucleon number of the excited nucleus.
3. The light side of the photofission yield curve essentially coincides with that of the
corresponding (n, f) curve, whereas the heavy side seems to be shifted more than
one nucleon number in the light direction.
4. The neutron yield of the photofission process is little if any larger than that of
spontaneous fission.

CYTOHISTOLOGICAL RESPONSES OF VARIETIES OF AVENA TO 2,4-D 1
IMY VINCENT HOLT 2
Department of Botany and Plant Pathology
A study was made of the histological responses of two varieties of Avena, Andrew
and Cherokee, to the n-butyl ester of 2, 4-dichlorophenoxyacetic acid. Plants were
treated at 12 stages of development with one pound acid equivalent of 2,4-D per acre.
The developmental histology of the oat plant was studied from germination to emergence above the soil prior to treatment, and subsequently after each treatment until the
eporocytes were evident.
The plumule of the mature kernel of oats has two leaf primordia. The third leaf
primordium is initiated seven days, and the fourth leaf nine days after planting. Three
seminal roots arise endogenously at the scutellar node during germination.
The inflorescence was initiated from 17 to 20 days after planting. Branch primordia
of the first-order branches were evident by 26 days after planting. Spikelet initiation
occurred 30 days after planting. The initiation and development of the gynoecium lags
behind anther initiation by tjlree to four days. Archesporia were initiated 34 days to
38 days after planting.
Treatments were begun nine days after planting, when 85 per cent of the plants had
emerged through the soil. The response of both varieties to 2, 4-D is similar with respect to the trend in reduction of yield at successive treatments.
Treatments at 9, 12, and 17 days after planting (2, 5, and 10 days after emergence
from the soil), induce a change in histogen activity in the shoot apex. FasciaUon and
abnormal leaf initiation occur. The duration of transition to the flowering phase ia
prolonged, but floral organogeny is interrupted.
Treatments at 22 and 26 days after planting result in severe necrosis of the firstorder branch primordia. Fasciation in the shoot apex gives rise to multiple inflorescences. Spike let initiation is suppressed in the apical region of 'the young inflorescence.
Tissues of the lower nodes proliferate and produce faaciated roots, which soon abort.

1Doctore.l thesis no. 1389, submitted Vay 27, 1953. Chairman or COlllllittee, John E. Sasa,
Department or Botany and Plant Pathology.
2B.s., Hew Mexico. State College, State College, H.M., 1950. M.s., Iowa State College,
Ames, Iowa, 1952. Graduate Assistant, Agricultural Experiment Station.
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The intercalary meristems proliferate and elevate the axillary branch, which becomes suppressed. Internodal tissues do not differentiate normally, and remain thinwalled, and soft and brittle.
The treatment 30 and 34 days after planting suppresses spikelet initiation and suppresses the development of branches of higher order. Spikelet fasciation occurs frequently in plants treated 34 days after planting.
The treatment 38 days after planting results in suppression of organogeny in the
floret. Malformations and adnation of floret organs occurs during organogeny. The
ovule fails to develop in florets which were treated during the initiation of this organ.
The initiation of sporocytes is inhibited. The ovule may proliferate and abort.
Tillering was uniform under all treatments, and yield reductions in the tillers results from the same responses as in the main axis.

ECONOMICS OF WESTERJ;il R.ANGE RESOURCE USE1
JOHN .ALFRED HOPKIN2
Department of Economics and Sociology
The central economic problem relative to range resource use is the allocation of all
scarce resources available to the Western Range .Area so as to obtain a maximum of
the goods and services desired by all individuals and groups concerned. The resources
considered were: 1 • .All land resources west of the eastern boundary (placed near the
1 OOth meridian), including climate as well as phsyiographic features ; 2 . .All labor resources available to the area, including the skills, productivity, and mobility of the
workers; and 3. 1111 capital and management resources available to the area.
The primary purpose of this study was to develop a logical framework for economic
analysis of western range resource use. The basic deductive theorems of the framework were taken from general equilibrium theory and welfare economics adapted to
dynamics.
The marginal conditions underlying the theoretical models were enumerated, their
limitations to specific situations were pointed out, and the policy and research implications of the maximizing solutions were discussed.
In general, the economic problems of range resource use fall under four main types
of theoretical solutions: 1. Optimum factor combination and use; 2. Optimum scale of
firms; 3. Optimum product combination; and 4. The pricing of factors and products.
The latter set of problems arises out of the environment in which some of the factors
and products are rationed and their respective prices are administered.
The marginal conditions governing the optimum combination of factors of production
specify that factors be so allocated that the ratio of the discounted . expected marginal
value of product to the discounted expected price of the factor be equal for every resource. This ratio should also be equal for every possible alternative use for each
factor. (In absolute equilibrium this ratio would be 1. 00.) The physical input relationships needed for making maximizing solutions come from the science of range management. However, the logic of the maximizing principles is not a part of the theories
and principles of that science, but come from the science of economics.
Optimum scale of firms occur when it is impossible to increase or decrease the size
of firms and thus obtain a lower cost of production for the same products or increase
the amount of products from the same resources. There is strong evidence that substantial scale maladjustment occurs with the smaller firms . The extent of conflict between resource efficiency and income distribution criteria for determining optimum
scale adjustment depends on the real nature of the economies of scale. There are
conflicts in the kind of recommendations one makes based on each criteria .
.An ip:iportant assumption underlying the necesaary marginal conditions for maximum welfare is that the factors and products are priced so that the market is cleared
of all factors and products that are offered at that price and that no demand at that
1Doctoral theaia no. 1553, submitted June 4, 1954.
Heady, Department of Ecopomics and Sociology.
2B.s., UniTereity of Wyoming, Le.ramie, Wyo., 1942.

Chairnan of COlllllittee, Earl

K.s., Ibid., 19499
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price goes unsatisfied. This assumption was found to be invalid for several instances
of federally owned forage resulting in pressures tending toward malallocation. A general procedure was presented for evaluating the forage in terms of: 1. The quantity
and quality of forage and the production coefficient rate at which grass was transformed
into animal product; 2. The price of livestock products; and 3. The cost of resources
other than forage associated with range-livestock production .
The marginal conditions specifying an optimum combination of enterprises (products)
were explored for three different types of allocation problems. The first was that of
determining the type of agricultural production for areas that are marginal between
range-livestock production and dryland cropping. A part of this problem, for some
regions, is the integration of irrigation into range and dry land farming operations. The
existing economic criteria for determining the feasibility of irrigation developmentwas
appraised.
The second type of product combination to which the marginal conditions were applied was that of determining the optimum rate of product (resource) use over time.
This is the general problem of conservation.
A theoretical model for determining optimum intensity of grazing over time was
developed and adopted to conditions of weather uncertainty.
The third type of product combination pertained to the optimum combination of the
products of multiple-use resources, viz., livestock, wildlife, timber, recreation, and
hydrological products. The general solution to this problem was approached through a
series of partial solutions.
In each case the solution was a function of the physical marginal rates of product
substitution between the two alternatives in question for a specific range site and the
relative preferences of society for the products being considered. The general nature
of several physical transformation functions was suggested, and procedures for estimating others were outlined.
The relative preferences of society for alternative products is usually expressed in
terms of market prices. Not all products are allocated through the market mechanism,
however, In some cases individuals express their preferences for alternatives by voting . Many o! the allocation decisions pertaining to range resource use have been delegated to elected and/or appointed representatives. The complex and interrelated allocation decisions that are made by the several different elected and appointed representatives (Congress, the President, aid the bureaucracy) can be improved by the use of:
1. A central planning and coordinating board; and 2. A professional sampling staff to
estimate the preferences of individuals relative to alternatives by means of statistical
sampling.
Where the information needed for a decision is known, the theoretical models lead
directly to the maximizing solution. Where the information is not known, the models
direct the search for the needed facts. In the meantime they furnish the only logical
basis for decision making in the absence of information.

STUDIES IN EFFICIENCY OF THE AIR-STREAM ATOMIZATION PHENOMENA 1
HENRY FRANCIS HRUBECKY 2
Departments of Mechanical Engineering and of Mathematics
An experimental investigation was conducted in which distilled water under normal
atmospheric conditions was atomized by a high velocity air stream. The atomizing
unit(which also could be used for solid-injection atomization) consisted of a glass convergent air nozzle with a short straight section and a concentric hypodermic tube for
the purpose of water injection. The purpose of the investigation was to determine the
effect upon the efficacy and comparative degree of atomization by using various methods
of water injection, and by varying the injection position along the axis of air flow, for
use in possible engineering applications. The sprayed droplets were collected on mag-

1Doctoral the•i• no. 1434, aubmitted July 14, 1953. Chairmen or COllllllittee, Henry Black,
2Department or Mechanical Engineering, and E.W. Anderson, Department or Kathemstica.
B.s., UniTersity or Illinois, Urbana, Ill., 1944. K.s., Ibid., 1949.
Assistant Proressor.
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nesium oxide coated glass slides, housed in a specially constructed sampling apparatus
which exposed the slides for an appropriate time. Three samples were taken for each
test at the horizontal axis of the spray, and under a calibrated microscope counted until
no appreciable difference in droplet distribution was noted. From the droplet distribution the volume-surface or Sauter mean-diameter, d 0 , in microns was evaluated. Precautions were taken against drop evaporation and possible settling out of drops before
reaching the sampling apparatus.
The air velocity, va, was varied from 106 to 316 m. per sec. The air to water volume ratio, Oa/ Ow• was varied from 1. 000 to 20, 000. The water rates used were small,
and, consequently, the water velocity never exceeded one m. per sec. Four different
methods of injection were used: One utilized water injection parallel to the ambient air
stream and the others with various types of orifices used injection normal to the air
stream.
In light of this investigation, the following conclusions can be made. Liquid injection
parallel to the air stream results in a better degree of atomization than liquid injection
normai'to the ambient air stream. The former method does not seem to impair the
normal process of attenuation ·of the liquid surface~ ligament formation, and drop formation as does the latter method . Differences in the degree of atomization in the latter
methods depend principally upon the amount of liquid surface that comes in contact
with the high velocity air.
With liquid injection parallel to the ambient air stream, for the best degree of atomizati on the mass of liquid should enter the region of maximum velocity. For the conv ergent nozzle used, the maximum va attainable is acoustic . At this velocity and for
Oa/ Ow > 5000, d 0 tends towards a lower limit. This lower limit may range between
5 and 7 microns for the atomizing unit used. These low values for d 0 in the proximate
vicinity of the acoustic velocity is not in agreement with the experiments of Nukiyama
and Tanasawa. Their empirical equation predicts higher values, but otherwise present
experimental results compare favorably with the investigators mentioned. For Va <
100 m. per sec. and Oa/ Ow < 1000 the degree of uniformity of the drops decreases
rapidly. For Oa / Ow > 5000, d 0 is independent of the liquid rate and depends on Va (for
low liquid velocities), decreasing as va increases.
The angle of spray dispersion increases as the point of liquid injection is varied
from upstream of the exit of the nozzle and on through the straight section of the nozzle.
For va >150 m. per sec., d 0 does not appreciably vary over an interval, which with
respect to the nozzle exit extends through the straight section and one-half an inch
downstream. Consequently, the spray angle may be varied by manual adjustment without appreciably varying the droplet size.
A dimensional number is developed and is termed the atomization number, AN· It
is in effect, the ratio of the kinetic energy of the air to the actual superfi.:ial potential
energy of the droplets formed, and it serves as an adequate index of the efficacy and
comparative degree of air-stream atomization for various atomizing units.

SOME COST RELATIONSHIPS IN LARD PROCESSING1
HENRY J. HU DEK2
Department of Economics and Sociology
The study was designed primarily to discover the short-run input-output relationships in the rendering department of a packing plant employing a specific proces~.
Input factors were valued at constant relative prices for purposes of aggregation as
well as for comparisons between costs. It was hoped to discover the variations in
costs that are dependent upon changes in production.
Emphasis was placed on methodology. This was required because of the nature of
the data and because the study was to serve as a guide to similar investigation of other
plants and as a basis for further investigation in similar . or related fields. The inputs

1Doctoral -thesis no. 1519, submitted llaroh 15, 1954. Chairman of COlllldttee, Geoffrey
Shepherd, Department of Economics and Sociology.
2 lf.A., UniYeraity of Saskatchewan, Canada, 1938. B.s.A., Ibid,, 1940.
Research Associate, Agricultural Experiment _S tation.
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supplied by the power department comprise about fifty per cent of the cost of producing
lard. The cost of the various components of power, such as steam and water, varied
with their output. But their output depends upon the volume of production of the whole
plant as well as a number of exogenous factors. In order to obtain estimates of the
cost of the power components from which the effect of the exogenous factors has been
removed it was necessary to study the power department separately. The two departments of rendering and power, therefore, and the individual items of cost that occur in
each department were examined . In the rendering department the method of covariance
was used to analyze the labor date . The within-quarter regression equation was obtained as the best estimate of the relationship between the inputs of labor and the outputs of product. In the power department the various components of power were examined by means of multiple regression to determine their relationship to exogenous
factors affecting the quantity of each used.
It was found that a large portion of the costs of operating a rendering department
are fixed costs. Some costs such as rent and taxes and others are wholly fixed costs.
Other costs are entirely variable. The labor employed for operating the department,
for example, may all be treated as variable. Some labor, such as that of janitors and
night watchmen, is to a large extent fixed, but accounting procedure was such that the
cost of the operating labor was kept separate and so could be treated as a variable cost
in its entirety.
Still other costs are heterogeneous in that they contain elements of both fixed and
variable costs. In the case of two such heterogeneous costs it was not possible to divide them into their fixed and variable elements, nor was it possible to discover the
relationship of the variable element to output. These two costs were depreciation and
maintenance and repair. It was decided to treat them as fixed costs. In the case of
other heterogeneous costs it was possible to obtain estimates of at least some of the
elements which should be considered as fixed. Many such elements were functions of
factors other than production. The variations in costs due to such exogenous factors
were removed from the cost components and treated as fixed costs. One item of cost
to the rendering department which contained many such components having both fixed
and variable elements of cost was power.- The power department was studied, therefore, with the purpose in view of removing the effect of exogenous factors and determining the relationship of input of power (which is the output of the power department)
to the output of the plant.
It was found that over the range of output of the plant the total cost of power increases
at a decreasing rate. The marginal cost of power at highest outputs appeared to be
about one-fifth the amount it was at the lowestvolumes atwhich the plant wa·s operating.
The costs of power to the rendering department operating at a given level of production
are substantially less, therefore, when the plant is operating at the larger volumes of
production than when the plant is operating at smaller volumes of production.
The proportion of the cost of power used by the rendering department was then
charged to the cost of producing lard. This cost together with the other costs incurred
in rendering were aggregated to give total costs. The data indicated a straight-line regression. The regression of total costs on outputs of lard gave the estimating equation

"l=

4877.1+1.1202

x.

The value of r = 0. 903 with nine degrees of freedom is highly significant. The marginal
cost of producing lard, therefore, is 1.12 units of cost per unit of output. The average
cost of producing lard was found to be about 3. 35 units of cost per unit of output.
It was found that the accounting data gave very little indication of the variation in
cost that occurs with variation in output. Unless further analysis of the data is made
to obtain this information, a detailed and frequent accounting procedure does not serve
a purpose commensurate with its cost. Annual estimates would serve almost as well
and would cost considerably less. In an industry where the methods and processes have
been established and evaluated for a long period of time there is also less need for an
intensive accounting system. For the most part this is the case in the packing industry.
Where new processes are being tried, a more intensive system integrated with a complete analysis of the data would be justified.
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THE KINETICS OF THE HYDROGEN PEROXIDE OXIDATION
OF SELENIOUS ACID1
FRANCIS J. HUGHES 2
Department of Chemistry

The rates of disappearance of selenious acid and hydrogen peroxide have been
measured in aqueous acidic solutions containing the two species. Temperature variation of these rates has been observed between 67.7°C and 82.3°C.
The following rate law has been determined for the oxidation of selenious acid by
hydrogen peroxide:
_ d(H 2Se9>) =k 1 (H2Se<))2(H2 0 2 )
dt
(H )
The decomposition of hydrogen peroxide in aqueous acidic solution has been shown
to be inhibited by the presence of a small amount of selenious acid. Another mode of
decomposition of hydrogen peroxide has been shown to exist and has been found to be
first order in selenious acid. At least four rate terms were required to account for
the decomposition rate of the peroxide.
The evidence indicated that the reactions which involved selenious acid were homogeneous.
The selenious acid oxidation is believed to be nonfree radical in character while the
extra hydrogen peroxide decomposition which accompanies it is believed to proceed
through a free radical chain mechanism.
1 Doctoral

thesis no. 1534, submitted lray 28, 1954. Chairman of Committee, Don
Department of Chemistry.

2

B.s.,

Creighton University, cmaha, Nebr., 1947.
Institute for Atomic Research.

Jr. Chemist.

s.

Martin,

Research Assistant,

RADIOACTIVE DISINTEGRATION
SPECTRA OF SOME SHORT-LIVED NUCLIDES 1
WARREN A. HUNT 2
Department of Physics
The beta endpoint energies of several short-lived, low Z radioactive nuclides have
been measured with ·an improved scintillation spectrometer (1 ). These values have
been combined with recent half-life determinations to give the ft values.
TABLE 1
Endpoint Energies, Half-lives, and ft Values
for Some Superallowed Transitions
Nuclei

Endpoint

(Mev)

2,95 ± 0.07
3.76 ±0.08
4.50 ± 0.10
6.10±0.15
4.45 ± 0.10
5.06 ± 0.11

p30

Half-life

(seconds)
10.7 ±0.7 ·~~l
4.05±0.10,
2 4 ± 07 (Z)
• 0 ± o. '(3)
0.90 0.05,(4)
i.58±0.05,(4)
0.95 ± o. 03,
150,( 5 )

ft
(seconds)
3600 ± 500
4000
450
5150 ± 600
7250 ±1000
3000 ± 400
3300 ± 400

±

1Doctoral thesis no. 1506, submitted January 25, 1954. Chairman ot Comnittee, D.J.
Zattarano, Department ot Phyeio1.
2 B.s., University of Oklahoma, Norman, Okla., 1948. M.s., Ibid., 1949.
Research Assistant, Institute for Atomic Researoh.
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For the group of superallowed transitions, the ft values times
(6) increase
with mass.
The ratio of gamma-ray intensity above 0. 6 Mev to the intensity of the O. 51 Mev
annihilation peak was less than two per cent .
A 15 per cent resolution at 624 kev was obtained with the anthracene crystal and
photomultiplier tube. The linearity of the scintillation pick-up and rec or ding equipment
was tested with the 1. 70, 2.24, 4.45, and 13.4 Mev beta endpoints of p3Z, y90, ClH,
and Li8 , respectively.
The targets, calibration system, and master control system which are used with the
improved scintillation spectrometer are described. The control system automatically
cycled the synchrotron, target and recording system until a sufficient number of events
to yield the desired statistical accuracy had been obtained. Seventy discrete channels
of information were obtained with the multichannel analyzer . (1)
REFERENCES
(1) Hunt, W. A., W. Rhinehart, J. Weber, D. J. Zaffarano. Ames laboratory report
ISC-359 (1953) to be published by the Rev. Sci. Instr.
(2) Phipps, P.L. The half-lives of some short lived low Z nuclei formed by photonuclear reactions. Unpubl. M.S. Thesis, Ames, Iowa, Iowa State College Library
1953.
(3) Kline, R. Ames, Iowa. Preliminary Investigation, (Private communication) 1953 .
(4)Stahelin, P. Phys. Rev. 92:1076 . 1953.
(5)Ridenour, L.N., and W.J:-Henderson. Phys. Rev. 52:889. 1937.
(6) Kofoed-Hansen, 0. Phys. Rev. 92:1075. 1953.
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AN EXTENSION OF PRELIMINARY TESTS OF SIGNIFICANCE PERMITTING
CONTROL OF DISTURBANCES IN STATISTICAL INFERENCES1
DAVID VERNON HUNTSBERGER 2
Department of Statistics
In this thesis a generalized procedure for pooling estimators was proposed in an
attempt to reduce the magnitude of the disturbances in statistical inferences which result from pooling when the decision to pool, or not to pool, is based on a preliminary
test of significance. It was shown that in those estimation problems where it is applicable the generalized procedure includes the preliminary testing procedure as a special
case . The investigation of the effectiveness of the generalized pooling procedure in
reducing the disturbances resulting from the preliminary testing procedure was confined to comparing the biases and mean square deviations of the estimators based on
the two procedures when both are applied in a particular type of problem.
The first problem considered was that of pooling the means of two independent random samples of the same size drawn from two normal populations which have a known
common variance, the object being to obtairi an estimator for the mean, µ 1 , of one of
the populations. The pooled estimator may have a smaller variance about fL 1 , than the
unbiased "never pool" statistics, X"1 , the mean of the sample from the population concerned. The generalized or weighting procedure resulted in the estimator W 0 (t) when
the weighting function which determines the weights to be assigned to each of the sample
means was taken to be t 2 /(l + t 2 ). The estimator SP(t) was obtained from the preliminary testing procedure. The mean square deviations and biases were derived for both
estimators and the efficiency of each relative to X 1 as a function of the nuisance parameter, y , was calculated for various values of Y. It was found that if the critical re-gion of the preliminary test is selected so that W 0 (t) andSP(t) have the same efficiency

1Doctoral thesis no. 1547, submitted June 3, 1954. Chairman of Conmdttee, To A.
Bancroft, Department of Statistics.
2 B.s., Bethany College, Bethany, West Virginia, 1947. ll ..S ., West Virginie. UniTersity,
Morgantown, Vl.V., 1948. Assistant Professor. Cooperator, Industrial Science
Research Instittrte.
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when Y is equal to zero the weighting procedure results in a sizeable reduction in the
maximum possible loss of efficiency. It was found that the effective difference was
larger for W0(t) than for SP(t). The effective difference was defined to be the largest
value of\ Y !such that for all smaller I y f a gain in efficiency results. When ~he biases
were compared it was found that for values of y
less than approximately 1.8 the bias
of W 0 (t) is slightly less than that of SP(t) but that for larger values offy ( the bias is
smaller for SP(t).
The equations derived for the mean square deviation and bias were generalized to
include the pooling of independent normal estimators with different known variance and,
in particular, the mean square deviation was derived for the case of pooling sample
means when the variances of the means are known but different because of unequal
population variances, different sample sizes, or both. It was found tlat if the ratio of
the variances of the means, V 1 /Vz, · is greater than one, the efficiency will be greater
than that obtained for the special case, V 1 / Vz= 1, for aUly · pess than the effective
difference, but for all j Y /greater than the effective difference the efficiency will be
less than when V 1 /V z = l.
An admissible class of weighting functions was defined and three criteria, unbiasedness, uniformly minimum variances, and overall efficiency, were considered for selecting a "best" weighting function. Theorems were stated and proved which showed
that, (1) the only unbiased weighting function is 9>(t) = 1, (2) no uniformly minimum
variance weighting function exists, and (3) the weighting function with the greatest
overall efficiency is 9)(t) = l which yields the "never pool" estimator.
A two-parameter family of weighting functions was defined and the mean square
deviation of the weighting procedure based on this family was derived. The efficiency
relative to X 1 was calculated for various values of Y and for various values of a and b
for the case of equal means with known common variance. The results were compared
with those obtained by using ¢> 0 (t) = t 2 /(l + t 2 ) for the weighting function. It was found
that the effective difference can be increased by decreasing b and adjusting a to give
the desired efficiency when y is zero. This increase in effective difference, however,
was found to be accompanied by an increase in the range ofj Y Ifor which large losses
of efficiency may occur. This suggests that in selecting a weighting function a compromise is required.
The pooling of two transformed correlation coefficients in order to estimate one of
the population correlation coefficients was used to illustrate the application of the generalized procedure. The pooling procedure appropriate to this problem was outlined
and was illustrated by means of a numerical example.

FARM RENTAL PRACTICES AND PROBLEMS IN THE MIDWEST 1
VIRGIL L. HURLBUR T 2
Department of Economics and Sociology
The basic purpose in this study was to develop a set of principles to be applied in
dealing with the questions and problems raised by landlords and tenants concerning
content of leases and effective leasing arrangements. Data were obtained by a mail
questionnaire from tenants in 46 economic areas in Indiana, Iowa, Kansas, Minnesota,
Nebraska, South Dakota, and Wisconsin. The seven Agricultural Experiment Stations
joined with the Bureau of Agricultural Economics and the Farm Foundation in a cooperative regional research project under the auspices of the North Central Land Tenure
Research Committee.
Theory of production economics provides the framework within which leasing practices are analyzed in this study. Production theory specifies the conditions under which
income for the firm is a maximum. These conditions are the same for any firm. They
are the Hicksian conditions for equilibrium of the firm, specifying the factor-factor
and the product-product relations, when capital is limited as is usually the case with

1Doctoral thesis no. 1525, submitted !ky 6, 1954. Chairman of Committee, John F.
Timmons, Department of Economics and Sociology.
2B.s., Montana State College, Bozeman, Mont., 1933. M.S,, University of Wisconsin,
Madison, Wisc., 1936, Resident Collaborator U.s.D.A., Agricultural Experiment Station.
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farm firms. In addition, four incentive conditions are required within the lease to encourage efficient use of resources and prevent income transfers between resource
owners in the tenant operated firm.
The study analyzes leases to determine whether the following four inecntive conditions are included:
l. The share of the factor of variable input must be the same as the share of output
of product obtained from it.
2. The shares of all products must be the same.
3. Each resource owner in the firm must receive the full share of the product earned
by each unit of resource he contributes.
4. Each resource owner in the firm must have opportunity to receive return on investment made in one production period but not forthcoming until a subsequent
period.
The analysis assumes that the function of the lease is to(l)provide a basis for combining resources in production, and (2) distribute income to resource owners within
the firm. Furthermore, plans are made and executed for given production periods,
usually one year. Some of the resources are fixed for the given period. Variable resources are added to fixed resources in such kinds and amounts as to equate the returns
on the final units of the variable in each of its uses. Adjustments are made between
production periods in the fixed resources so that in the long run all resources are
variable.
·
Few current leases contain all of the incentive conditions. Each of the conditions
must be present in each lease. Otherwise there is incentive for the operator to combine resources at other than the highest profit combination for the total resources contributed to the firm by the landlord and tenant, or there is an income transfer. Assuming that tenants react to the incentive conditions, it follows that current leases encourage misallocation of resources.
The balance of the study deals with selected characteristics of leases, of landlords,
and of tenants by making comparisons of distributions of two characteristics at a time,
oy economic areas. For example, length of lease was compared with type of lease, to
ascertain if there is significant difference between length of leases for the various
types of lease. In each instance the given item or category was calculated as a percentage of the total number of respondents replying to the two items. Tests of significance for the differences between proportions were made for each set of items.
Although there are numerous differences of significance between given items in
current leasing practice, the lack of variation within leases and within areas stands
out more than does variation. This suggests that current leases cannot match the variations in farms and the differences between desires and abilities of tenants and landlords. The lack of variation in leases is strong evidence of need for adjustment in
leasing practice. Among the more important of these adjustments is that of getting
away from standardized fractional shares of crops and of expenses. The share to be
paid as rental is a problem for solution on the individual farm, through careful analysis, and is not a 11 given 11 proposition to which other items are adjusted. Circumstances
differ from farm to farm, tenant to tenant, and landlord to landlord. A set of economic
principles that can be applied to any given situation by the parties themselves is needed
as the basis for decisions on the many details that are matters of judgment, opinions
or outlook, and often also depend upon the alternative opportunities available to both
parties.
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TERMINAL AMINO ACID RESIDUES
APPEARING DURING THE PROTEOLYSIS OF LYSOXYME 1
THOMAS L. HURST 2
Department of Chemistry and the
Food Technology Administrative Committee

By determining the terminal amino acid residues appearing during the proteolysis
of lysozyme, information was sought regarding:
1. The course of the proteolysis of lysozyme.
2. The preference of the enzymes under study for the peptide linkages in lysozyme.
3. Some of the amino acid sequences in lysozyme.
4. The applicability of the quantitative aminoid sequence method to proteolytic studies.
Termini of the peptide chains, formed during the hydrolysis of lysozyme by chymotrypsin, trypsin, papain, and pepsin, were determined at intervals by a subtractive
procedure. At the end of 0, 24, 48, 120, and 240 hours, aliquots were removed from
the proteolyzates. The initial samples were completely hydrolyzed with acid, and the
amino acids were determined microbiologically. These assay values constituted the
compositional values for lysozyme.
In order to determine the aminoid terminal residues, the aliquots were treated with
phenylisothiocyanate in aqueous pyridine. Subsequent removal of reagents and acid
hydrolysis liberated the constituent amino acids, with the exception of the aminoid terminal ones. The latter were converted into phenylthiohydantoins, many of which have
been shown not to be assimilable by the amino acid assay microorganisms under the
conditions of assay. The differences between the compositional values and assay values, obtained on the aminoid terminally blocked samples, furnished quantitative figures
for the extent of cleavage of peptide bonds involving the aminoid linkage of each amino
acid.
A similar approach was used for determining amino acid residues possessing free
alpha-carboxyl residues. Treatment of aliquots of the proteolyzates with ammonium
thiocyanatt; in acetic anhydrideacetic acid, evaporation, and subsequent acid hydrolysis
lead to the formation of free amino acids and the thiohydantoins of the carboxoid terminal amino residues. Microbiological utilization of these thiohydantoins by the assay
organisms, under the particular conditions employed, ranged from 0 to 35 per cent for
a limited number tested. Therefore, it was necessary to use a range for a quantitative
evaluation of the extent of hydrolysis of bonds involving the alpha-carboxyl groups of
each amino acid. This range was from 1. 0 to 1. 5 times the difference between the compositional values and the values obtained on the carboxoid-terminally blocked samples.
Using these procedures, it was found that chymotrypsin, at an initial pH of 8.5, hydrolyzed both aminoid and carboxoid linkages of arginine. On the average, only one
out of the seven aminoid linkages of isoleucine and two to three of the six carboxoid
linkages of leucine in a molecule of lysozyme were cleaved by this enzyme. In 240
hours, an average of two residues of lysine were hydrolyzed at their aminoid bond, and
one was hydrolyzed at its carboxoid linkage. Likewise, chymotrypsin cleaved two to
three carboxoid bonds of phenylalanine and tyrosine and probably one of methionine.
An average of approximately five linkages involving the aminoid group of serine, two
to three involving the carboxoid group of this amino acid, two involving the aminoid
group of valine, and one involving the carboxoid group of the latter, also, were hydrolyzed. With the exception of alanine, cystine, and tryptophan, which were not determined, little or not hydrolysis of bonds of the other amino acids by chymotrypsin was
apparent.
Similar calculations for the proteolyses by papain showed that, at initial pH values
of 5.0, 7.5, and 8.5, an average of one aminoid bond of lysine, one carboxoid bond of
lysine, three aminoid bonds of arginine, and two to three carboxoid bonds of arginine
were hydrolyzed. As the pH was increased, a greater number of both aminoid and
carboxoid bonds of serine were cleaved. There was little or no apparent hydrolysis of
linkages of the other amino acid residues. However, assays were not made for alanine,
cystine, and tryptophan.

1Doctoral thesis no. 1443, submitted July 17, 1953. Chairman ot Committee, Sidney Fox,
Department ot Chemistry.
2B.s., I0\1a State College, Ames, Iowa, 1937. 11.s., Ibid,, 1951.
Associate, Institute tor Atomic Research.
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The action of trypsin appeared to be very similar to that of papain. On the average
about one aminoid bond and one carboxoid bond of lysine were hydrolyzed, two to three
aminoid linkages and two to three carboxoid linkages of arginine were cleaved, and
about two serine aminoid and one serine carboxoid linkages per molecule of lysozyme
were hydrolyzed in 240 hours.
Lysozyme showed considerable resistance to hydrolysis by pepsin at pH 4. No linkages of phenylalanine or tyrosine were hydrolyzed. An average of two aminoid linkages
of arginine, two to three carboxoid linkages of arginine, one aminoid linkage of isoleucine and two aminoid linkages of serine were cleaved.
It appeared that the sequence of amino acid residues in the lysozyme molecule and,
possibly, the rigidity of the molecule, due to cross linkages of cystine, were contributing largely to the preferences of the four enzymes for particular linkages. The facts
that all "preferred" linkages, as found for synthetic peptides or derivatives, are not
hydrolyzed and that each of the four enzymes· attack bonds of the same amino acids
lead to this view.

PHYTOTOXICITY OF 2, 4-DICHLOROPHENOXYETHYL SULFATE
AND ITS DERIVATIVES1
DONALD RICHARD ISLEIB 2
Department of Botany and Plant Pathology
The solubility of 2, 4-dichlorophenoxyethyl sulfate, (SES) in water and its lack of
toxicity until acted upon by soil bacteria make this chemical a potentially valuable weed
control agent. This investigation was a study of the relations of SES to its probable
end-products, 2,4-dichlorophenoxyethanol, (2,4-DE), and 2,4-dichlorophenoxyacetic
acid, (2,4-D);
Phytotoxicities of SES, 2,4-DE and 2,4-D were compared by growth response to
foliage applications on soybeans, to root immersion in solutions of these chemicals,
and by growth response of cucumber seedlings growing in treated soil. Respiration of
corn germinated in solutions of the chemicals was also used as an index of toxicity.
SES itself was not toxic in foliage or solution culture tests, but was converted to a
toxic compound in nonsterile soil, presumably by hydrolysis of SES to . 2, 4-DE, and
possibly by subsequent oxidation of 2, 4-DE to 2, 4-D. No activation occurred in sterile
soil in the range of soil pH from 5. l to 7. 8. Very low soil moisture level limited this
conversion, which proceeded rapidly in moist soils above freezing temperatures. Catalysis of conversion of SES by 2, 4-DE, 2, 4-D or mineral ions in sterile soil was not
observed.
2, 4-D was 10 to 100 times as toxic as 2, 4-DE in foliage applications, and approximately equal in soil applications. In exposures of roots to solutions of these two chemicals, 2,4-DE was more toxic than 2,4-D, and combinations of the two were more
toxic than either one alone. Furthermore, the toxicity of 2,4-D, but not of 2,4-DE,
was greater as the pH of the solution was lowered; presumably because of reduced dissociation and increased absorption of the 2, 4-D molecules, while the nonionic 2, 4-DE
was not affected.
Both 2,4-DE and 2,4-D caused initial increases in respiration of germinating corn,
followed by a reduction to normal or subnormal levels.
In studies of the movement of the chemicals through the soil under the influence of
leaching, SES was usually converted to an active compound before appreciable leaching
occurred. The leaching of all three of the chemicals was related to the physical characteristics of the soil, but in general neither 2, 4-DE nor 2, 4-D leached appreciably
under the influence of 1/4 inch of surface water application.
The results indicate that the herbicidal effect of field applications of SES may be
limited by soil moisture conditions at the time of, and following, treatment. Soil temperature, soil type, rainfall and treatment concentration effects were of little import1Doctoral thesis noo 1564, submitted June B, 1954. Chairman of Committee, w.~. Loomis,
Department of Botany and Plant Pathology.
2 B.s., Rutgers University, New Brunswick, N.J., 1951. M.s., Ibi d., 1952.
Graduate Assistant, Agricultural Experiment Station.
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ance in the rate of conversion of SES, and are not considered to be seriously limiting
factors in the phytotoxicity of SES. The pH of the soil solution may have an influence
on the phytotoxicity of these chemicals.

THE CRYSTAL STRUCTURE OF TWO IODINE-CONTAINING COMPOUNDS1
WILLIAM J. JAMES 2
Department of Chemistry
Part I. Structure of the C clohexaarn lose-iodine corn lex.
Iodine reacts with cyclohexaarnylose Schardinger's "' -dextrin) in aqueous solution
to form an iodide-free crystalline complex, (C6H100 5 )6.I 2 • 12H20. The crystal was found
tobe.odhorhornbic, space group D/--P2 12 12 1, with lattice constants a 0 = 14.38A, b 0 =
36.07A, co= 9.43A, requiring four molecules per unit cell.
From the pleochroisrn of the crystal viewed along each crystal axis, it was concluded
that the iodine molecule axis is parallel to the (100) plane and incluned about 45° to the
y axis.
Complete three-dimensional data were obtained using Weissenberg and precession
cameras. The iodine parameters were determined from two- and three-dimensional
Patterson plots and checked by Fourier projection.
The structure which best accounted for the data was a torus-like arrangement of the
cyclic carbohydrate molecule, coaxial with each iodine molecule. Consideration of the
possible packing arrangements of the complex in the crystal structure and the results
of a complete three-dimensional Patterson, as well as measurements of scale models
of the complex, lead to a diameter of the torus of approximately 13. oA and a thickness
of 6. 1 A.
Attempts to determine more exactly the arrangement of carbon and oxygen atoms in
the crystal by means of the isornorphous technique and the Fourier transform method
were not successful.
Part II. The structure of tetrarneth !ammonium enneaiodide.
A saturated alcohol solution of N CH3 I reacts with an excess of I 2 to form dark
green, nearly black, monoclinic needles with lattice constants ao = ll. 60A, bo= 15.lOA,
Co= 13.lBA, and ~ = 95°25'. The space group is P21/n and contains four molecules of
N(CH3 ).I9 per unit cell.
Complete three-dimensional data were obtained using Weissenberg and precession
cameras. Coincidences on all Patterson projections made interpretation so difficult as
to prevent determination of the phases of the structure factors. The signs of the structure factors were obtained by methods of inequalities.
Fourier synthesis of four pl;.nes of data and refinement of the data by difference
synthesis indicate that the enneaiodide structure consists of iodine. molecules packed
with the cation and a pentaiodide ion. The structure may be best described as a honeycomb arrangement of I 2 molecules whose voids accommodate the positive ions which in
turn separate planes of V- shaped pentaiodide ions.
The apex angle of the V is 86. 5 •. The arms of the V are linear within approximately
7 degrees. The iodine-iodine bond distances are 317A and 2.90A in one arm and 2.91A
and 3. 24.A in the other. Interaction of the I 2 molecules with the atoms of the pentaiodide
ion is appreciable. The ls - ions of this structure are not as well defined as in the pentaiodide structure of Hach and Rundle.
Interpretation of the nature of the bonding does not require the use of d-orbitals above the valence shell as in ICI2 - and IC4-. The bond distances are considerably longer
than would be expected for hybrid bonds involving the d-orbital. The distances in the
pentaiodide ion of this structure are appreciably greater than I 2 , and, in addition, two
different distances occur, just as was observed in I 2 - and ls- ions.
The structure provides no evidence for believing that either the heptaiodide or enneaiodide constitutes the upper limits of the polyiodides.

1Doctoral thesis no. 1490, submitted December 14, 1953. Chairman of Committee, Dexter
French, Department of Chemistry.
2B.s., Tufts College, Medford, Massachusetts, 1949. M.s., Iowa State College, Aines,
Iowa, 1952. Graduate Assistant, Industrial Science Research Institute.
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SOLVENT EXTRACTION OF COTTONSEED 1
WILLIAM GLENN JUHL 2
Department of Chemical Engineering
An investigation was undertaken to study the extraction of cottonseed oil by trichloroethylene in a counter-current, continuous, extraction unit and to study the effects of
the operating variables on the quality of the products produced and the efficiency of oil
extraction. A pilot plant extraction unit, similar in design to the commercial soybean
processing unit developed at Iowa State College and bow being manufactured by the
Crown Iron Works, Minneapolis, Minnesota, was designed and built to enable this investigation to be carried out with minimum amounts of cottonseed and solvent. This
extractor consisted of a 2-inch diameter, continuous loop conduit through which a special Redlar type chain conveyor carried the flaked cottonseed meats. The capacity of
the extraction unit could be varied from 4. 75 to 13 .5 pounds per hour of cottonseed
flakes by changing the speed of the conveyor chain. The products obtained from processing cottonseed are an edible oil used primarily in production of vegetable shortenings and oleomargarine, and a high protein content residue used as a supplement in
livestock rations. Due to a toxic pigment of cottonseed, gossypol, the residue, or meal,
must be given special treatment before it is fed to livestock.
Pilot plant operations yielded data which indicated that a prime crude oil and a meal
high in protein and low in free gossypol can be produced in this type of extraction unit
with trichloroethylene as a solvent. Since most of the free gossypol contained in the
flaked cottonseed is effectively destroyed during the extraction process, the meal can
be desolventized at low temperatures which results in high protein solubility of the finished meal. Since certain batches of trichloroethylene extracted soybean meal have
been found to be toxic to cattle, it is possible that the same may be true for cottonseed
meal, and its feeding to livestock is not recommended until it can be properly evaluated.
The operating variables considered were extraction time, meat diameter, flake
thickness, extraction temperature, oil, concentration in the extracting solvent of miscells concentration, moisture content of the flakes, and degree of heating the meats.
Mathematical relations were developed which express the individual effects of the first
four listed variables on the per cent of extractable material remaining in the processed
cottonseed flakes, or the residual extractables. By expressing the miscella concentration in terms of kinematic viscosity, an equation was developed which gives the relation
of residual extractables to kinematic viscosity and extraction temperature. This relation is
R = 7.16 e(7.15 . µ/p - 0.0117 T)
where (R) is per cent residual extra.ctables; ( µ / P) is kinematic vise osity, ft. 2 /hr.; and
(T) is extraction temperature, 'F. The value of the constant in this equation, 7 .16,
will vary with changes in the extraction variables other thanmiscella concentration and
extraction temperature. It was found that the relation of these variables and this constant could be expressed as the product of the effects of the individual variables. Therefore, by combining this equation with the equations for the effects of extraction time,
flake thickness, and meat diameter the following equation was developed:
R=2.60Xl0 4

b'
90 . 955

0

e(7.15µ/p

-0.0117T)

m

where (b) is flake thickness, ft.; (Dm) is meat diameter, ft.; and (9) is extraction
time, hours.
It was found that there is no apparent relation between the data obtained in countercurrent extractions and static-bed rate extractions. The fact that the miscella concentration for the rate extractions was very nearly zero at all times and varied from zero
to approximately 25 per cent during the counter-current extractions is the probable
explanation for this lack of correspondence.
A cost estimate for a proposed 50 tons per day cottonseed extraction plant indicated

1Doctoral thesis no, 1448, submitted July 16, 1953, Chairman of Committee, L, K,
Arnold, Department of Chemical Engineering.
2B.s,, University of Minnesota, Minneapolis, Minn,, 1945.
Graduate Assistant, Engineering Experiment Station.
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a processing cost of,$97.07 per ton of cottonseed processed. Thereturn on anestimated total investment of$336, 000 would be approximately 29.5 per cent, when processing
prime cottonseed.

EFFECT OF SEVERAL PROCESS CONDITIONS IN
QUICK-CURING OF NORMAL SUPERPHOSPHATE1
JOHN L. KEARNS 2
Department of Chemical Engineering
A quick-curing process for normal superphosphate previously developed at Iowa
State College consists of acidulating phosphate rock, ground to approximately 60 per
cent -200 mesh, with 55 per cent sulfuric acid, in the proportions of 1. 8 pounds of 100
per cent sulfuric acid per pound of P 2 0 5 • The material is denned only long enough to
allow the formation of a firm block, easily disintegrated without pasting or balling.
The shredded material is fed to a Rote-Louver dryer. Previous laboratory and pilot
plant studies have given a maximum of 95 per cent P 2 0 5 conversion, whereas storage
curing in a current industrial process results in 97 to 99 per cent conversion.
This study was undertaken to determine the effect of certain process variables on
the available P 20 5 content and conversion of the product, so that operating conditions
for the process may be chosen to result in a product more nearly the equal in conversion of that of the storage process. The variables under consideration were (1) drier
inlet air temperature, (2) rock particle size, and (3) certain wetting agents that are
stable in the concentration of sulfuric acid used in acidulating the phosphate rock.
The effect of inlet air temperature between 500°F and l000°F was studied. Particle
size and structure of the product changed markedly with increasing inlet air temperature. The particle size decreased from greater than 1/2 inch in diameter to 75 per
cent +20 mesh. A hard impervious surface coating disappeared with increasing temperature, at 750°F, and an open pore structure appeared on the surface. This change
in structure was associated with the occurrence of a maximum product temperature,
for products of the same moisture content, and maximum conversion at any moisture
content. The maximum conversion occurred at 650° F for 3 per cent moisture in the
product. An increase in drying rate resulted from increasing inlet air temperature.
The effect of rock particle size was evaluated in a series of five runs with rock that
varied in size from a commercial grind of 60 per cent -200 mesh down to one having a
particle size of between 20 and 3.0 microns. Rock of 30 to 40 micron maximum size
gave the highest conversion at 6 per cent moisture on the same day it was dried, 97
per cent. The three. finest sizes, 4 per cent +325 mesh, 30 to 40 microns, and 20 to
30 microns, did not go through a fluid stage during acidulation, perhaps explaining why
the finest grind did not result in the highest conversion. After three days storage at
6 per cent moisture, the conversions of the products were in the order of the rock particle size, varying from 99 per cent for the finest to 92 per cent for the coarsest. All
rocks resulted in the same maximum conversion of 99 per cent at 14 per cent moisture.
Thirteen wetting agents were tested for their effect on conversion and available P 2 0s
content. Alrose Amine C improved conversion from 1 to 2 per cent over the control
runs without a wetting agent. All of the wetting agents improved the physical qualities
of the superphosphate before drying.
When Alrose Amine C was used, denning at 176°F for 5 or 12 hours resulted in no
difference in conversion. Denning for 22 hours at room temperature resulted in the
highest conversion of any conditions studied, and the lowest available P 2 05 content.
This conversion, 96 per cent, was 4. 5 per cent greater than that resulting from a 12
hour denning at the same temperature, and 2 per cent higher than with the higher temperature denning. The highest available P 2 0 5 content occurred as a result of the high
temperature denning. Use of an increased amount of wetting agent caused a slight suppression of conversion. Higher inlet air temperature caused a slightly higher conversion, butthe same available P 2 0 5 content.

1Doctornl thesis no. 1554, submitted June 4, 1954. Chairman ot Committee, G. L.
Bridger, Department ot Chemical Engineering.
2 B.A.Sc., UniTereity ot Toronto, Canada, 1945. Graduate Auistant, Engineering
Experiment Station.

ABSTRACTS OF DOCTORAL THESES, 1953-54

443

A parallel series of control runs denned under the same conditions resulted in the
same relation with respect to denning time and temperature. However, in each instance
the conversion was from l to l. 5 per cent lower than the corresponding run with a wetting agent. The available P 2 0 5 contents were in each case the same or slightly higher
than when the wetting agent was used.
The choice of inlet air temperature and rock particle size, and the decision as to
whether to use a wetting agent must be based on a cost analysis for each manufacturing
plant.

ADAPTATION OF ECONOMIC PRODUCTION LOGIC
TO FEED UTILIZATION BY LIVESTOCK 1
EARL W. KEHRBERG'
Department of Economics and Sociology
The objectives of this study were to indicate (1) the information needed to attain
maximum economic efficiency in livestock feeding, (Z) the form of data needed in solving production economics problems, (3) the methods of adapting available data to economic problems in lieu of more satisfactory information and (4) the hypotheses and
models relevant to future feed utilization studies.
Production economics theory calls for production functions from which marginal
substitution rates between feeds in any combination and at any output level may be derived. These functions are not available from livestock feeding experiments. The
physiological background of animal digestive systems were reviewed. Effects of digestive systems on the shape or form of animal production functions were illustrated. The
-.ecessity of a ration for maintenance when the animal is idle was illustrated in relation
to substitution rates. The adaptations in theory necessary because of the limited stomach capacity of the animal were explained. The effects of time were also considered,
and alternative methods of incorporating it into the production !unctions were suggested.
The use of production functions in choosing the least cost ration was explained. Similarly, methods of choosing the most profitable grades or quality of product were explained. An empirical example of the average, least-cost ration for a period of 19
years was presented. Margins were shown to be as important as the least-cost ration
in maximiz'i ng profits from livestock feeder enterprises.
Suggested mathematical models available for use as production functions include the
Cobb-Douglas production function, the quadratic function and the exponential function.
Characteristics of these fq,'lctions were discussed in terms of their economic implications and their approximation of actual conditions of production. The Cobb-Douglas
was indicated as desirable frorri the computational standpoint •
.Alternative means of obtaining the necessary data to estimate empirical production
functions include direct experimentation and uae of past experiments which were con.ducted for other purpoaea. For future experiment., the use of fixed proportion rations
with limited feeding and full feeding were recommended. .Although limitations of past
experimental data were shown, it was also concluded that useful information could be
derived from this source •
.As an example, empirical eatimatea of iao-product contours for yearling steers
were derived from record• of past feeding experiments. Feed prices were assumed,
and the economic implications of diminiahing marginal rates of feed substitution were
illustrated. Least-coat rations differed for •different parts of the feeding period, because the substitution rate• were not the same between feeds for the entire feeding
period.
Since estimates of the various coefficient• of the production functions are baaed on
sample observations, a statistical teat of the difference between coefficients estimated
for different parts of the feeding period can be made • .An example was presented. Dif.
ficulties of making the teats when experiments were designed mainly for estimation of
coefficients were alao explained.

lDoctoral thesis no • . 1435, aubld.tte4 Jllly 14, 1953. Chai~ of Committee, Karl o.
Heady, Department of ICconOllioa and Sociology.
·
2B.s., Iowa State College, Allea, IG!Wa 0 1949. Reaearch Aaaooiata, .Agrioultural
ICxparilllant Station.
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METABOLISM OF CELLULOSE BY MICROORGANISMS OF THE RUMEN1
WARREN D. KITTS 2
Department of Chemistry

The chemistry of cellulose digestion by rumen microorganisms was investigated
with special reference to the identification of the carbohydrate intermediates formed.
The end-products formed during a normal fermentation of cellulose by the rumen bacteria are principally the fatty acids, such as formic, acetic, propionic, and butyric
acids. Therefore, in order to study the pathway of cellulose degradation during this
type of fermentation the process must be arrested at an appropriate stage so that the
various compounds formed during the hydrolysis of cellulose can be identified.
The use of the laboratory rumen, now more commonly termed the artificial rumen,
has made possible such an investigation. Strained rumen contents, obtained from the
fistulated bovine, were used as the initial inoculum in early experiments. However, in
later studies washed rumen bacteria, ruman isolates andcellulolytic cell-free bacterial
extracts were also employed as inocula.
Preliminary experimental results showed that when toluene was added to active cellulose-digesting cultures, reducing sugars accumulated in the medium in considerable
amount with little or no production of volatile fatty acids. In the absence of such an
inhibitor little or no reducing sugars accumulated in the culture medium, and the production of the various e nd-products was considerable.
Since cellulose is, even in the form of finely ground filter paper as used in these
experiments, a solid, insoluble material, c ontact of the organisms with the cellulose
cannot be very uniform. Experiments were therefore conducted employing the soluble
cellulose derivatives, namely the carboxymethylcelluloses (CMC)as the cellulosic substrate. In comparing a 24-hour fermentation of ground filter paper, Alphacel (a commercial powdered cellulose product) and CMC-70L by rumen microorganisms in the
presence of toluene, it was foundthat 0.163, 0.179, and 0.268 gm. reducing substances
(as glucose) were formed per 100 ml. of media, respectively. The results of these experiments indicated that CMG- 70L was a suitable cellulosic substrate for the cellulolytic rumen bacteria.
In order to identify the carbohydrate intermediates formed during the degradation of
the cellulose molecule, an efficient inhibitor was required so that a large accumulation
of reducing sugars w ould occur in the culture. Experiments showed that toluene had
the ability to inhibit cellulose fermentation by rumen microorganisms at the glucose
stage. The refore, eleven other compounds were tested as to their effectiveness in
blocking the metabolic pathway of cellulose digestion by the same bacteria. Of all compounds tested, thyrnol, chloroform, sodium fluoride, toluene, m-xylene, and iodoacetic
acid, in the order. of decreasing effectiveness, were found to prevent the further utilization of the reducing sugars by the rumen bacteria to form the volatile fatty acids as
end-products. Of these compounds listed, thymol and sodium fluoride were chosen to
be used in future experiments to study the identity of the carbohydrate intermediates
formed during the degradation of cellulose.
Three general phosphorylating inhibitors, 2-4 dinitrophenol, phloridzin, and sodium
azide, were also found to inhibit the cellulose digestion by rumen bacteria at the glucose stage. When phosphorylated sugars were added to the cellulose fermentation
media a greater production of volatile fatty acids by the rumen microorganisms resulted, thus indicating that these bacteria can utilize phosphorylated sugars.
The pathway of cellulose digestion by rumen bacteria was studied with special reference to the carbohydrate intermediates formed. Aliquots were withdrawn at hourly
intervals from cellulose fermentation cultures having CMC-70L or Alphacel as the
cellulosic substrate with sodium fluoride or thymol added as the inhibitor. Glucose
and a slight amount of xylose and cellobiose were detected by filter paper chromatography in the fermentation media. Other possible carbohydrate degradation products
from the cellulosic substrate, such as cellotriose, cellotetrose, etc. were not detected.
A number of bacterial isolates were cultivated from the rumen of the bovine and
tested for their fermentation habits on several carbohydrates. Two cultures were found

1Doctoral thesis no. 1426, aubnitted June 19, 1953. Chairman ot COlllllittee, L. A.
Underkofler, Department ot Chemistry.
2B.S.A., University of Britieh Columbia, Canada, 1947. M.s,, Ibid., 1949.
Graduate Assistant, Agri cultural Experiment Station.
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that would ferment CMC-70L and Alphacel at an active rate . The morphology, staining
characteristics and oxygen requirements of these cultures were studied. Several electron microphotographs were prepared of each isolate.
The inhibitors such as sodium fluoride, thymol and toluene, and the nutrient, fructose-!, 6-diphosphate had the same effect on the action of the twoisolates, onCMC-70L
as reported for the mixed cultures above. Only glucose was detected as the degradative
products of CMC-70L by the cellulolytic action of these cultures.
A number of fermentation experiments were conducted using centrifuged and filtered
rumen fluid as inocula. The results showed that the filtered liquid had no cellulolytic
activity. The centrifuged liquid possessed slight activity, probably due to the small
number of microorganisms remaining in the sample . It was concluded that the cellulolytic enzymes of the rumen microorganisms are not present as such in the rumen fluid,
but are associated with the bacterial cells.
A cell-free enzymic extract from rumen organisms capable of degrading cellulose
and CMG- 70L was prepared by grinding the washed bacterial cells with powdered alumina. The activity of the cell-free cellulolytic enzyme (or enzymes) was maximum at
an optimum temperature of 40°C and an optimum pH of 5. 5. The enzyme extract was
stable at low temperatures but was partially inactivated when allowed to remain at room
temperature for 144 hours. The main hydrolytic product resulting from the action of
the enzyme on cellulose was shown to be glucose.

HERITABILITY OF ECONOMIC CHARACTERS IN BEEF CATTLE1
ROBERT M. KOCH 2
Departments of Animal Husbandry and of Genetics
The production records of nearly 6000 Hereford calves raised at the U.S. Range
Livestock Experiment Station, Miles City, Montana, were analyzed with regard to birth
weight, weaning weight, weaning score, yearling weight, and yearling score. The heritabilities, repeatabilities, and genetic correlations for these traits were evaluated.
Also the maternal influence and several other identifiable sources of variation, such
as sex of calf, age of calf at weaning, and age of dam, were evaluated.
Male calves were 5. 6 pounds heavie r at birth and 26 pounds heavier at weaning than
heifer calves. The sex difference in weaning score was negligible. Age of cow had a
marked influence on all traits studied except yearling score. The cow's production
with ·regard to birth weight, weaning weight, and weaning score increased steadily from
three to six years of age and then declined.
The maternal environment from conception to birth and from birth to weaning appears to have a large influence on all of the traits studied. The heritability estimates,
including the hereditary portion of the maternal influence were 0. 42 for birth weight,
0.19 for weaning weight, 0.12 for gain from birth to weaning, 0.16 for weaning score,
0.~9 to 0.42 for yearling gain, and 0.26 to 0 . 29 for yearling score.
The repeatability estimates were 0. 26 for birth w e ight, 0. 34 for weaning weight,
0.34 for gain from birth to weaning, 0.22 for weaning score, -0.14 for yearling weight,
and -0. 08 for yearling score. The biological basis for the negative repeatabilities observed for the yearling records was not clear.
The genetic correlation between birth weight and gain to weaning indicates that many
of the same genes affect prenatal and postnatal growth. Genetically, the yearling gain
was almost independent of gain from conception to birth and of gain from birth to weaning. The genetic correlations between weaning gain and weaning score and between
yearling gain and yearling score were large. The results suggest a large negative
genetic correlation between milking ability and the traits weaning gain and score. Milking ability appeared to be positively correlated genetically with yearling gain and with
yearling score.

lDoctoral thesis no. 1473, submitted December 3, 1953. Chairmen or Committee, L. N.
Hazel, Department or Animal Husbandry, and J.v;. Gowen, Department or Genetics.
2B.s., Montana State College, Bozeman, Mont., 1948. M.s., Iowa State College, Ames,
Iowa, 1950. Graduate Assistant, Agricultural Experiment Station.
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The consequences of selecting for various traits were examined as to the effect on
milking ability. Selecting calves on the basis of weaning gain or score leads to some
genetic improvement in milking ability. Selecting cows on the weaning gains and scores
of their calves places greater emphasis on milking ability than on growth response.
Selecting calves on their weaning gains, where the calve11 were raised by nurse cows,
leads to a loss in milking ability. Selection on yearling gain or score causes a decline
in milking ability, even though yearling gain and milking ability are positively correlated genetically. This is due to the negative direct influence of the darn 1 s milking
ability on the calf's yearling gain.

QUADRUPOLE-QUADRUPOLE FORCES IN CERIUM METAL 1
ERNEST KOENIGSBERG 2
Depa.rtrnent of Physics
The specific heat of cerium is calculated using a model which pictures the metal as
an array of rnultipoles super-imposed on a uniform negative charge density.
This
model gives rise to strong quadrupole-quadrupole interactions between the ions of the
crystal.
The quadrupole-quadrupole interaction energies are of the same order of
magnitude as the term splitting of an ion by a lattice of charges which previous workers
have considered as the mechanism responsible for the anomalous specific heat of the
rare earth metals.
The six-fold degenerate 4f ground level of Ce is split into a number of components
by an electrostatic field. In a charge field with hexagonal symmetry, the ground level
is split into three levels, each of which is two-fold degenerate. The splitting in a rnultipole field depends on the quadrupole-quadrupole forces. If the ions of the several
kinds {as determined by the splitting)are distributed at random among the lattice sites,
then a partition function may be developed for a canonical ensemble. The derivatives
of the partition •function correspond to quantities of physical interest;~·, mean number of electrons in a state, total energy, entropy and specific heat. Numerical methods
are used to evaluate the above properties.
The exact wave functions of the 4f electrons in arnultipole field are not known. Wave
functions are approximated for both weak and strong quadrupole-quadrupole couplings
and the specific heat is calculated for both cases. The calculated values of the specific
heat are in poor agreement with the experimental data of Parkinson, Simon, .and Spedding.
It is believed that the difference between the calculated specific heat and the experimental data is due principally to the fact that the various states have 'been assumed to
be randomly distributed among the lattice sites. However, the neglect of exchange
forces may be of comparable importance. An attempt to include ordering in the calculations has not proved fruitful except that the study of order indicates that an ordered
arrangement of the various kinds of ions is expected at low temperatures. The difference in energy between the random arrangement and the expected ordered arrangement
is of the order of magnitude of the temperature at which the anomalous peak occurs.
No quantitative conclusions as to the effects of order on the specific heat of cerium can
be drawn at this time.

1DoCtoral thesis no. 1466, submitted Deoembsr 2, 1953. Chairman of Comnittee, Joseph
K. Keller, Department ot Physics.
2B.A., New Tork UniTeraity, New York City, 1948. Research A1siatant, Institute tor
Atomic Reaearch.
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SPRAY DRYING COSTS IN LOW-VOLUME MILK PLANTS1
LEE KOLMER 2
Department of Economics and Sociology
Dairy plant managers and boards of directors who c.ontemplate installation of a
skimmilk spray drying system need reasonably accurate information on the cost-volume
relationships involved in spray drying processes if they are to make economic investments. The need for this information has increased recently because of changes in dry
milk production and consumption patterns. These changes have resulted inan increased
demand for non-fat milk solids for human food. The increased demand has been reflected in a higher price and increased production.
Increased production has necessitated an increase in processing facilities. In many
instances the decision to install drying facilities was made without adequate information
about cost-volume relationships. This has resulted in inefficient resource allocation
in some plants. The objective of this study is to provide information concerning the
cost-volume relationships in low-volume spray-drying plants and thereby assist entrepreneurs in investment decisions. The study is based on a budget analysis of four plants
with volumes of 938, ZOO, 1, 875, 600, Z, 817, 000, and 3, 767, 500 pounds of powder produced per year . These volumes of powder production correspond to annual butter volumes in plants producing one, two, three, and four 1800 pound churnings per day in the
peak season. Several additional cost points were budgeted in order to obtain the minimum cost point for each of three equipment combinations. In this budget analysis, the
physical inputs required were determined and prices were attached to these physical
inputs .
The analysis indicates that as volume increased, up to a volume of 3, 174, 700pounds
of powder per year, unit costs decrease quite rapidly. Beyond this volume, costs do not
decrease appreciably as volume increases. The processing costs varied from $1. 64
per hundredweight in a plant producing 938, ZOO pounds of powder per year to$5.08per
hundredweight in a plant producing 3, 174, 700 pounds per year. At a volume of 3, 767, 500
pounds of powder per year, a volume increase of 58Z,800 pounds per year, processing
costs only decrease
04 per hundredweight. Therefore, for all practical purposes,
the low cost point is achieved at a volume of 3, 174, 700 pounds per year, In addition to
unit processing costs being reduced, the distribution of costs change as volume increases. The variable costs become relatively more important and the fixed costs
relatively less important as volume increases.
The findings of this analysis provide information which may be used as an aid in
comparing the relative profitability of each alternative operation available to the plant.
In addition to providing information for comparison of the relative profitability of several alternatives, the costs derived in this study provide coat data for producer payment under a "component" pricing plan.
The general conclusions of this analysis indicate that:
1. Processing costs decrease as volume increases, within the range of this study.
Processing coats decrease rather rapidly in the lower portion of the volume range,
' from $1. 64 per hundredweight at a volume of 938, ZOO pounds per year to $5 . 08
per hundredweight at a volume of 3, l 74, 700 pounds per year. Beyond this volume, however, coats do not decrease appreciably as volume increases.
Z. Skimmilk drying equipment is not utilized moat efficiently at volumes of 938, ZOO,
1, 875, 600, and Z, 817, 600 pounds of powder produced per year. When volume
exceeds three million pounds per year resources are used efficiently and the
loweat processing coats are obtained.

I.

1Doctoral thesiB no. 1543, aublld.tted June 2, 1954. Chairman ot Committee, Geottrer
Shepherd, Departmeirt ot Economics and Sociology.
2 a.s.,· Southern Illinois UniTersity, Carbondale, Ill., 1951. x.s., Iowa State College,
Ames, I~, 1952. Reaearch Associate, Agricultural .Exper1-ent Station.
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BACTERIAL METABOLISM OF ARGININE'
MITCHELL KORZENOVSKY 2
Department of Bacteriology

Washed cells of Streptococcus lactis liberate one equivalent of ornithine and carbon
dioxide and two equivalents of ammonia from arginine. Citrulline is not metabolized .
The stoichiometry of arginine degradation by cell-free extracts is similar. Inaddition,
citrulline is converted to equimolar amounts of ornithine, carbon dioxide, andammonia.
It has been concluded that citrulline is an intermediate in the degradation of arginine.
The conversion of arginine to citrulline is catalyzed by extracts which have been
dialyzed against distilled water. The optimum pH for the reaction extends from pH 5.4
to pH 5. 8. Maximum rates occur in phosphate or acetate buffer. Phthalate and maleate buffer are somewhat inhibitory. Arsenite is a potent inhibitor of the reaction.
Azide, hydroxylamine, semicarbazide, and fluoride are without effect. No coenzyme
or cofactor requirements have been demonstrated. The reaction goes to completion
and is useful for the specific and quantitative degradation of arginine in the presence of
guanido and carbamido compounds and amino acids. The amount of ammonia produced
is used as a measure of the arginine present.
The enzyme system which catalyzes the conversion of citrulline to ornithine is /resent in dialyzed extracts but requires the addition of adenosine diphosphate, Mg+ and
orthophosphate for activity. Adenosine di phosphate may be replaced by adenosine monophosphate or adenosine triphosphate. The effectiveness of the latter is due to hydrolytic enzymes which form adenosine diphosphate. In the presence of arsenate, the
enzyme system has no coenzyme or cofactor requirements. The pH optimum, both in
phosphate and arsenate, is pH 6.2-6.3. The rate of reaction of the arsenate system
is considerably greater than that of the phosphate system. Phosphate is inhibitory to
the arsenate system. Fluoride is markedly inhibitory in the presence of either phosphate or arsenate.
The conversion of citrulline to ornithine leads to the esterification of orthophosphate.
Adenosine diphosphate and possibly adenosine monophosphate function is phosphate acceptors. The role of the latter is not clear inasmuch as adenylate kinase has been
found in the extracts. The synthesis of energy- rich phosphate bonds can best be demonstrated by addition of purified hexokinase and glucose to the reaction mixture. The
amount of glucose-6-phosphate formed is used as a measure of the adenosine triphosphate synthesized. A complete chemical balance indicates that the conversion of citrulline to ornithine by cell-free extracts of Streptococcus lac tis occurs according to the
following equation:
Mg++
R-NH-CONH 2 + H3 P04 +ADP"'--=--? R-NH 2 + C0 2 + NH3 +ATP
(R: -CH2 -CH 2 -CH2 -CHNH2 -COOH)
In a time-course study of the reaction it was found that the ratio NH3 (or C02 }:P is
nearly one and remains essentially constant with time. This is interpreted to indicate
that the carbamyl group (NH2 -CO-} of citrulline is split-off by a phosphoclastic type of
reaction. The products of the phosphoclastic reaction are released from the enzyme
surface simultaneously with the transfer of high-energy phosphate to a suitable acceptor.
In the light of information presently available, the mechanism of the reaction may
be depicted as follows:
·
1.

0
•

II

R-NH-CONH2 + H 3 P04 + Ez ~ R-NH 2 + Ez-C-0-P-(OH}z

fl
NH
(Phosphorylase)

1Doctoral thesis no. 1472, submitted November 20, 1953. Chairman ot Committee, c. Ho
Warkman, Department of Bacteriology.
2 A.B., University ot Calitornia, Los Angeles, Calif., 1942. Graduate Assistant,
Industrial Science Research Institute.
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2.

0

II

Mg++

Ez-C-0-P-(OH), +ADP

II

~Ez

+ C02 + NH3 +ATP

HOH

NH
{Phosphokinas e)
Reaction 1 represents the phosphoclastic split of citrulline giving ornithine and a
phosphorylated carbamic acid which remains attached to the enzyme surface (Ez). The
phosphorylated carbamic acid contains phosphate at the high energy level. Reaction 2
represents the transfer of high energy phosphate to adenosine diphosphate and the hydrolytic decomposition of carbamic acid. Only Reaction 1 is operative in the presence
of arsenate because of the supposed instability of arsenyl carbamic acid. Ornithine
and fluoride are inhibitory in the presence of phosphate or arsenate. The site of this
inhibition is Reaction 1 according to the proposed mechanism.
The reversibility of the reaction has been demonstrated by use of C 140 2 in exchange
type of experiments. A net synthesis of citrulline has also been shown. Adenosine
triphosphate is required for fixation of c 1•0 2 as well as for synthesis. No involvement
of carbamyl-L-glutamic acid has been demonstrated.
It is apparent that the metabolism of citrulline by bacteria is a complex reaction.
Until such time as the enzymes involved can be identified and correctly named, it is
proposed that the reversible conversion of citrulline to ornithine be known as the citrulline phosphorylase reaction.

STORAGE CHANGES IN PACKAGED MEATS1
ALLEN A. KRAFT 2
Department of Bacteriology and the Committee on Food Technology
An invesHgation was made of the effects of various packaging materials, lights,
gases, and relative humidities on the keeping quality of sell-service meat items held
at refrigeration temperatures . Keeping time generally wa• based on occurrence of
off-odor or slime formation. These manifestations of spoilage were associated with
definite numbers of organisms per sq. cm. of meat surface. Other criteria of spoilage included production of H 2S or C02 by microorganisms.
Materials that preserved the bright red color of fresh meat in the early phases of
storage permitted most rapid development of microorganisms on the surface of the
meat. The time for discoloration · varied with wrapping materials used. Fresh beef
packaged with materials having low permeability to oxygen exhibited the purple color
of reduced myoglobin throughout storage periods as long as 16 days at 4.4°C. Subsequent oxygenation of the pigment with resultant bright red color occurred on exposure
of the meat to air.
Of various packaging materials tested, a laminate of aluminum foil and Pliofilm was
found to be most effective in retarding spoilage of fresh meats. Owing to its low permeability to gases, this material was well adapted for packaging the C02 . With all
materials employed, keeping time of meat was improved by the incorporation of C0 2
within the atmosphere of the packages. Initial exposure of fresh beef to C0 2 prior to
packaging was demonstrated to be of value in prolonging storage life. The level of gas
for such exposure was limited by the discoloration that resulted when high concentrations were used.
Improvement in storage life resulting from the use of relatively gas-impermeable
films was ascribed to low rates of exchange of gases between the outer atmosphere and
the atmosphere in packages; keeping time was ·greater with heavy gauge Saran films
than it was when thinner films of the same type were utilized as wrappers for fresh
meat.

1Doctoral thesis no. 1461, subnitted October 26, 1953. Chairman of Committee, John
>,yres, Departl!l8nt of Food Technology.
2 B.s., Cornell UniYersity, Ithaca, New York, 1947. M.F.s., Ibid., 1949.
Graduate Assistant, Agricultural Experiment Station.
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Reduction in temperature and low initial contamination favored extension of keeping
time of packaged fresh meats.
When beef was wrapped with MSAT-80 cellophane and with Pliofilm FM-1, holding
at low humidity was not a practical means of controlling growth of surface organisms
because of accompanying discoloration and dessication. The humidity of storage did
not effect changes in beef wrapped with Saran laminated to cellophane. Surface bacterial growth on beef wrapped with polyethylene laminated to cellophane was retarded to
some extent at low humidity; discoloration and dehydration of the meat were negligible.
Germicidal ultraviolet light caused inhibition of bacterial growth on fresh beef
wrapped with a highly transparent material, but this type of light also produced darkening and dessication of the meat. In addition, ultraviolet radiation effected deterioration of packaging films. Dehydration of meat exposed to germicidal ultraviolet light
appeared to be partly responsible for discoloration and for retardation of bacterial development. When fresh beef was displayed under Soft White fluorescent light, little
difference was observed in color, reflectance, or bacterial growth at different light
intensities.
Spectral reflectance of fresh beef showed a definite trend with regard to color changes; reflectance values decreased as discoloration progressed.
Packaging of cured meats in atmospheres of nitrogen or C02 did not prevent facllng
of color on exposure of the meats to light; however, less discoloration was observed
than that resulting from packaging in an atmosphere of air. Color changes of cured
meats packaged under vacuum resembled those of similar meats held in C0 2 or in nitrogen.
Storage life of frankfurters packaged with several wrapping materials was increased
by high concentrations of C0 2 in the atmosphere of the packages, when storage was
carried out at 4. 4 • C and 7. Z • C. The ability of materials to retain the gas was an important consideration; however, the meat did not spoil until some time after C0 2 had
been lost from the packages. Keeping time of picnic ham also was extended by the use
of C0 2 ; vacuum packaging produced similar results. Packaging in an atmosphere of
nitrogen gave no greater storage life than that resulting from packaging in air.
Reduction of humidity caused pronounced discoloration and desiccation of sliced
bologna wrapped with LSAT cellophane. Proliferation of surface organisms was retarded by the use of the cellophane with storage at low humidity. Materials that provided good barriers to transfer of moisture vapor prevented darkening due to dehydration of the meat, but with these films bacterial growth was not appreciably affected by
relative humidity of the atmosphere external to packages.
Changes in color of packaged bologna stored under light were determined by a panel
of judges and by reflectance measurements. A acoring system based on the ratio of
reflectance at 650 mµ to reflectance at 570 m µ was devised for assigning scores to
controls. The· reflectance ratio decreased as fading of color progressed; however,
when appreciable desiccation of the meat occurred, the reflectance ratio was not aa
closely related to judge•' scores as were values for reflectance at wavelengths from
540to800mµ.
Germicidal ultraviolet light caused acme reduction in the numbers of bacteria on
picnic ham. Thia type of light produced leas discoloration of the lean cured meats than
that found when fluorescent lighting waa employed, but the fat of picnic ham showed
brown discoloration after exposure to ultraviolet radiation.
Color fading of cured meats was more rapid and more advanced at high intensities
of fluorescent light than it was when low intensities were used for display of the meats;
this relation was observed regardless of packaging materials or methods employed.
Intenaity of visible light did not affect development of bacteria on cured meats •.
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TRANSMISSION OF 0-50 KILOVOLT ELECTRONS BY THIN FILMS
WITH APPLICATIONS TO BETA-RAY SPECTROSCOPY'
RAYMOND O. LANE 2
Department of Physics
The transmission of electrons by thin films as a function of the incident energy of
the electrons was measured using thermal electrons which were accelerated across a
known potential difference. The electrons transmitted by the film were detected by a
Faraday collector. The extrapolation of the linear portions of the transmission curves
to zero transmission gave practical values of energy, Ep, for the films which were
shown to correspond to practical ranges of electrons in the films. Good agreement was
found with the ranges of electrons in aluminum as given by Schonland (1) whose thinnest
film was 0.25 mg/cm 2 in area density . The present author has measured the ranges of
electrons in films of area density as low as 0. 023 mg/cm 2 , which is considerably lower
than the area densities reported in previous range-energy measurements.
The theoretical mean ranges as calculated from the average ene rgy-loss formula of
Bethe (2) were in reasonably good agreeme nt with the practical ranges measured in
this investigation. Most of the films studied were composite films of aluminum and
plastic, and range calculations were made for the two separate cases of aluminum and
plastic. The experimental data were quite well bracketed by the two extreme calculations. In principle, the mean ranges calculated from theory are different from the experimental ranges defined by the extrapolation process. Furthermore, the effect of
scattering at these energies is such that accurate application of the theory is nearly
impossible. Nevertheless, for energies less than 40 Kev, the application of Bethe's
energy-loss theory to this kind of experiment gives much better predictions of experimental ranges than does the empirical range energy relation of Katz and Penfold (3 ).
In addition, the theoretical range-energy curve has the same direction of curvature as
does a curve drawn through the experimental points, whereas the relation of Katz and
Penfold has the opposite curvature.
The present author has found that all of his values of Ep fall within 15 per cent of
those calculated from the relation, Ep = 22.2R0.6, where Ep is in Kev and R is in
mg/cm2. This relation holds between 1. 5 Kev and 25 Kev.
Transmission experiments on a 0. 012 mg/cm 2 collodion film which was not coated
with aluminum indicated that it was essentially a conductor under the conditions of the
experiment. Similar measurements on an uncoated 0. 3 mg/cm 2 Formvar film resulted
in a hysteresis effect indicating a considerable accumulation of charge on the film.
One of the aluminum-coated Formvar films for which the transmission curve had
been measured was employed as the window in a G-M counter in a thin-lens beta-ray
spectrometer. When the transmission curve for the window was applied to the betaray spectrum of a 0.0002 mg/cm 2 source of Pm147 on a 0.006 mg/ cm• collodion backing, an over-correction resulted in the Fermi plot. Multiple scattering calculations
estimate that most of this over-correction may well be accounted for by the fact that
the counter and Faraday collector subtend different solid angles of collection.
The Fermi plot of C 14 was found to be linear for energies above 40 Kev. The thinnest source had an effective thickness of about 1. 5 mg/cm 2 , so that little can be said
from this investigation concerning the true shape of the C 14 Fermi plot below 40 Kev.
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DIGESTION AND ABSORPTION OF CARBOHYDRATES IN THE YOUNG BOVINE'
HOWARD JAMES LARSEN2
Department of Animal Husbandry

Supplementation or replacement of the normal milk diet of the young bovine with
more economical sources of energy yielding nutrients is a major field of interest. Corn
starch is one of the more readily abundant supplements but investigators have noted
that calves, when fed starchy grain feeds as milk substitutes, do not thrive and digestion seems impaired. In previous studies by the author it was also noted that when
starch of a grain source entered the gastrointestinal tract without having undergone
previous rumen digestion, it appeared in the feces essentially undigested.
It was the object of this present experiment to investigate indirectly by measuring
blood reducing sugar levels and directly by digestibility studies the ability of the young
bovine to digest starch and related carbohydrates.
Three male calves (two Milking Shorthorns and one Holstein) at approximately three
to four months of age were provided with permanent rumen and cecal fistulae. For the
following three to four months the animals were prepared for omaso-abomasal feeding
by insertion of progressively larger plugs into the fistular openings.
During the period prior to initiation of the experimental regime the animals were
fed milk, hay, and concentrates. At the beginning of the experiment hay and concentrates were removed from the diet and the animals were muzzled, were allowed water
free choice and were fed the various experimental diets during a series of two-day
periods. Between the two-day experimental feeding periods a two-day recovery period
was allowed during which whole milk was fed (15 pounds per calf daily). The two-day
milk feeding period allowed for recovery from effects of experimental feeding. Milk
was selected since it permitted maintenance of the rumen in a non-functional state,
thus eliminating any possible interference from rumen ingesta passing down the gastrointestinal tract.
Each of the animals was fed four diets which differedprincipally in source of carbohydrate. Corn was a major constituent of diet I, but was replaced in diets II, III, and
IV by other dietary components. The N. F. E. of the corn in diet I was replaced by an
equivalent amount of starch, maltose, and glucose in diets II, III, and IV, respectively.
Mean blood reducing sugar levels (mg . per 100 ml. blood) at 0, 1, 2, 4, 6, 8, and 10
hours, respectively, after omaso-abomasal administration of the experimental diet
were 54, 60, 60, 59, 52, 52, and 55 for corn; 54, 59, 60, 55, 56, 58, and 53 for starch; 48,
66,90,84,55,46, and 49 for maltose; and 52,82,108,108,84,56, and 48 for glucose.
These data suggest that hydrolysis of starch in the gastrointestinal tract posterior to
the rumen is absent or does not proceed at a rate sufficiently great to alter venous
b l ood reducing sugar levels, since only maltose and glucose show definite absorption.
The digestibility studies revealed essentially no glucose or maltose in the samples
of cecal ingesta, collected from the cecal fistulae, or in feces. Therefore, the appar"nt digestibility of glucose and of maltose was essentially 100 per cent. Digestibility
of carbohydrate in the corn and starch diets, as determined by the use of an inert reference substance (chromium oxide), varied widely. These observations may be attributed in part to the persistent diarrhetic condition of the animals during omaso-abomasal feeding. The extremely fluid ingesta in the lower portion of the gastrointestinal
tract of the scouring animal may have altered the homogeneity of dispersion of the
chromium oxide, thus resulting in variable digestibility results. The overall evaluation of the digestion of corn and starch at the cecal and fecal levels indicates low digestibility. Thus, the young bovine apparently is unable to utilize starch ~ .!! or in
corn) efficiently without previous digestion in the rumen. The net change in digestibility between the cecum and the point of excretion revealed little change in the corn
diet but a positive change appears to take place with the starch diet.
Upon completion of the above study two of the calves (Milking Shorthorns)were anesthetized, their viscera were exteriorized and a 50 per cent glucose solution was injected
into isolated portions of the rumen, ileum, jejunum, and cecum. Subsequently, the
blood reducing sugar levels increased in the efferent blood from each of the isolated
portions studied, the greatest increases resulting from the jejunum.
1 Doctoral thesis no. 1492, submitted December 14, 1953. Chairman o! Committee, N. L.
2 Jacobson, Department or Animal, Husbandry.
B.S., UniTersity or Wisoonein, lladison, Wisc., 13500 M.s., Iowa State College, Amee,
Iowa, 1952. Graduate Assistant, Agricultural Experiment Station.
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MECHANISM OF HINDERED SETTLING AND FLUIDIZATION1
ALBERT L. LOEFFLER, Jr. 2
Department of Chemical Engineering
A study carried out in these laboratories by Grandjean .in 1948-49 and continued by
Peterson in 1949-50 on the "hold-up" of solvent droplets in a spray column extractor
indicated that both droplet concentration and velocity varied with operating conditions
in an apparently unpredictable manner.
The problem thus presented led Dr. B. F. Ruth of these laboratories to develop a
correlation for describing the relative motion of fluids and particle aggregates in all
its aspects by means of a single general equation. Inasmuch as the fundamental theory
involved is most easily tested by observing the porosities achieved in the fluidization of
solid spherical particles, together with the corresponding settling rates, the results
described in this thesis have been limited to spherical solids. There is, however, no
reason to doubt that it is equally applicable to irregularly shaped solids and liquiddroplets and further work to support this belief is being continued .
The general correlating equation takes the form
= (1 + Z) = ~
(1)
where ku, Z, and Ku represent three dimensionless groups comprising properties of
solid and fluid. Explicitly written, Ku becomes

ku

@3 C f, - P >P

x. _
~ -

c2 J

18~2

in which D is the diameter of a sphere or the spherical diameter of an irregular particle, 6 the density of the solid, p the density of the fluid, and I" the fluid viscosity.
For the most simple case, that of spheres, small enough to obey Stokes' law, ku
and Z become
ku "' B!i£._

(3)

eJ./

z = 2Xe

(4)
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where £ is the porosity of a particle aggregate {equal to l - 'Y , where 'Y is the concentration), Ke is a constant having a numerical value of about 2. 5, and¢' 1 is a concentration function defined as
2
(1 - ~ )2
~I (5)
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e
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As e: approaches unity, or 'Y approaches zero, ¢' 1 approaches infinity, and Z approaches zero. As a result, Equation (1) reduces to Stokes' law in the case of a single
sphere.
For irregularly shaped particles small enough to obey Stokes' law, ku and Z become

ku=~

{3a)

VqiE-fi

and

Z =

2K.,/ l.}'3/2

cP'

(4a)

where ·'!' is the sphericity of an irregularly shaped particle, defined as the ratio of the
surface area of a sphere having the same volume as a particle, to the surface area of
the particle .
Rearrangement and simplification of Equation { l) with ku, Z, and Ku explicitly evaluated as given by Equations {3a), (4a), and (2), results in the relation
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(6)

Ti
which implies that a plot of porosity divided by sedimentation velocity should be a linear
u

-

function of the reciprocal of the concentration function as defined bY, Equation (5 ), and
that the Stokes' law falling velocity Jo/V 8 of a single particle may be found as the reciprocal of the intercept on the e: /u arls.

1Dootaral thesis no. 1496, aubmitted December 15, 1953. Chairman ot Committee, B. F.
Ruth, Department ot Chemical Engineering.
2B.s., Virginia Polyt~ch. Institute, Blackaburg, Va., 1949. Reaesrch Aasistsnt,
Institute tor Atomic ReHarch.
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Data secured in the sedimentation of 48 mesh ground glass spheres in ethylene glycol
provide an excellent verification of Equation ( 6 ), yielding a value for Ke of about 2. 5.
It is apparent that when the value of Ke is known from tests carried out on spheres, the
sphericity of irregularly shaped particles can be found from the slope of the plot of
Equation (6) as

lj.I =

[

2Ke

]

3/2

(7)

Le {qi vs)( slope)
The extension of Equation (1) to the technologically important region of eddying fall
is treated by writing ku and Z as
(3b)

and

z

2K8 (1 + FK8

'-1')/ 2 ~ 1 (1 +

)

F8 )

(4b)

where F s is a factor representing the ratio of the additional turbulent force resisting
the eddying motion of a sphere through a fluid, to the purely viscous force operating
when Stokes' law is obeyed. The total force opposing the motion of a single sphere
thus becomes 3 7t µ.uD( 1 + F s }, constituting a modified Stokes' law force. Experimental
values of F s computes directly from data on the falling velocities of single spheres and
isometric particles, when plotted against Du P//ii"µ, afford a precise empirical correlation of the fall of spheres and particles (i.n the absence of spin} over a Reynolds'
number range extending from 0. 01 up to 20, 000.
The factor FKe is similar to the quantity F s in that it represents the ratio of the
additional force communicated to particles on account of turbulent fluid shear in the
regions between pairs of particles when a multiple number of them are present, to the
force that would be present if flow were viscous. Because the relative motion of fluid
and expanded aggregates of particles should resemble the flow of fluid through compact
granular media,• governed by the Kozeny equation, the form of the equation relating the
crowding force to the properties of the aggregate and fluid is postulated to resemble
the Kozeny equation. This hypothesis yields the following relation between the buoyant
force tending to decrease the volume of an aggregate and the sum of the modified Stokes'
law and Kozeny law forces tending to expand it, i.e.,

(8)

When this equation is simplified and rearranged to yield the dimensionless groups of
Equations (2), (3b), and (4b), Equation (1) results.
Since for spheres the factor FKe is the only quantity not susceptible of direct experimental measurement, the validity of Equation (8)i s seen to depend upon whether or not
the factor FKe can be shown to constitute a unique function of some modified Reynolds'
number.
For this purpose numerous experiments were carried out to observe the degree of
expansion achieved by aggregates of closely sized spheres at various fluid velocities.
In all but a few cases, falling velocities of the same aggregates in quiescent fluid were
observed by suddenly interrupting the flow.
Except for small particles settling in a viscous liquid, the velocity of sedimentation
was found equal to the fluid velocity during fluidization, and a constant for any given
expansion of the bed.
Just as the velocity of fall of a single sphere is considerably affected by the nearness of a bounding wall, so is velocity of sedimentation and fluidization also subject to
a wall effect. Because this is not completely eliminated by going to large tube diameters·, the evaluation of the factor FKe is not subject to anywhere near the same precision obtainable for the factor F s. For this reason no attempt was made to evaluate
Ke by itself. Instead, the entire quantity Ke(l + FKe) was plotted against the modified
Reynolds' number

(9)
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Plots showing the variation of Ke(l + FKel with the modulus Dup/l' µare shown for
s phe res varying in size from 0. 004 in. to 0. 200 in., fluidized in water and ethylene
glyc ol. In columns of sufficiently large diameter, the factor Ke(l + FKe) has a constant value of about 2. 50 throughout the viscous region up to a Du p /Y µ of about 3. 0.
Beyond this point the curve increases with DuP/'f µwith a logarithmic slope of about
0. 27 for beads up to one mm. in diameter. The plot of Kc (1 + FKcl for a compacted
bed against Dup/µy is constant at 5.0 up to a value of about· l7 for the Reynolds'rnodulus, after which it shows a constantly increasing value. For spheres which fluidize
above a Reynolds' modulus of 3. 0 the plots of Ke (1 + FKel break away from this compacted bed line to give lines parallel to the previously mentioned line of slope 0.27.
The exact location of one of these lines for any given expanded bed (the point at which
the line intersects the compacted bed line) can be predicted from the buoyant weight of
the bed.
Since the primary objective of the present work was to verify the correlation in the
technologically important region of eddying fall, only the threshold of the region of viscous fall was attained or investigated . It should be pointed out that the present correlation is not expected to hold very far into the viscous region on account of the increasing importance ot ehe electrokinetic forces developed by the counter-current movement of particle aggregates in liquids. The separation of a particle aggregate from a
suspending fluid by means of sedimentation develops an electrostatic potential (known
as the Dorn effect), which can become as great as 80 volts in the case of quartz particle settling through toluene. The development of this potential during sedimentation of
fine particle aggregates corresponds to a retarding force, which in the absence of gravitational force would cause an electrophoretic migration of particles back towards the
region from which they have come at a velocity proportional to the developed potential.
For this reason, the application of Equation (8) to settling in the Stokes' law region
requires writing an additional term on the left hand side to represent a retarding electrokinetic force. Since this is not a function of particle size, it becomes increasingly
important in the sedimentation of very small particles. A study of this phenomenon is
planned as a part of the future work.

HERITABILITY OF PRODUCTIVE CHARACTERS IN DUROC SWINE 1
MARVIN RICHARD MC CLUNG 2
Departments of Animal Husbandry and of Genetics
The main objective of this study was to estimate heritability for litter size and
growth rate in swine. Litter size was measured at birth, 63 and 180 days, and growth
rate was measured at 63 and 180 days.
The data were obtained from the Duroc herd maintained by the Ralston-Purina Company near St. Louis, Missouri. They consist of 1,079 litters from which 12, 185 pigs
were farrowed, 8, 403 pigs were weaned, and 7, 746 pigs reached maturity. All Duroc
litters farrowed between 1939 and 1950 were used . The average inbreeding of the dams
was 5 per cent and of the litters was 9 per cent. All darns used in the study had a litter
at one year of age, and 66 per cent of the dams remained in the herd to have a litter at
one and one-half years of age.
The analysis of the variations was within groups in which all the animals were contemporary with respect to year, season, age of darn of litter, and age of grand-dam of
litter. Heritability was estimated as twice the regression of offspring on those of female parent. The heritability estimates obtained were as follows:
Number born
• 03
Number at 63 days
- • 03
Number at 180 days
- • 12
Weight at 63 days
.14
Weight at 180 days
• 22

1Doctoral tbesi• no. 1477, .Ubmitted December a, 1953. Chairmen of Committee, L. N.
Hasel, Department of Animal Husbandry, and John w. Gowen, Department of Genetic••
2 B.s., Weat Virginia UniYeraity, Morgantown, w. Va., 1941. K.s., UninrBity of Maryland,
College Park, lld., 1942·. Graduate Auiatant, Agricultural li:xperiment Station.
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Means By Age of Dam
Group ing

Me ans
Numo ers

Weight

Ag e o f dam
(In years)

Number
of
litters

1.0

412

9.9

7.4

1.5

270

10.6

7.7

2.0 & over

397

13.2

8. 3

7.8

Farrowed

63
days

180
days

63
days

180
days

6 .7

36. 6

173

7.1

42. 3

188

4 3.l

193

During the period of this study a definite increase was accomplished in the yearly
means for 180-day weight, with smaller and less certain increase in 63-day weight.
There was no definite trend in number farrowed, number at 63 days, or number at 180
days . Thus the estimates of heritability are in agreement with the consequences of
selection. Repeatability for number born, number weaned, and weaning weight was
• 18, .11, and .41 , respectively.
Heritability estimates obtained for litter size in this study indicate that the heriditary variation present is of the nonadditive type, but whether its nonadditivity is primarily due to dominance, to epistasis, or to over-dominance is not known.

EFFECT OF TWO CYCLES OF RECURRENT SELECTION FOR
COMBINING ABILITY ON YIELD IN AN OPEN-POLLINATED VARIETY OF CORN1
DAVID P. MC GILL2
Department of Agronomy
The recurrent selection method is used in modifying combining ability involves the
intercrossing of S 1 progenies of So plants selected on the basis of their yield in test
crosses. The intercrosses then serve as foundation material for the next cycle of
selection. The procedure may be continued for additional cycles as long as sufficient
genetic variability is present for effective selection. The use of the system is assumed
to permit partial circumvention of certain limitations inherent in breeding methods involving continuous self-pollination. The limitations are those resulting from the large
number of genes conditioning yield and other agronomic characters, linkage, and the
rapid rate of gene fixation under continuoua self-pollination.
The purpose of this study was to determine some of the effects of two cycles of recurrent selection for combining ability in an open-pollinated variety of corn . Three
second-cycle synthetic varieties developed under the recurrent selection system and
the open-pollinated variety from which they were derived were compared as sources
of new lines. A group of advanced generation lines developed under a system of continuous self-pollination in which selection at each generation from S 1 to S, was based
on test-croas performance were compared with S 1 lines from the aecond-cycle synthetics. The genetic variability for combining ability was estimated in the synthetic
varieties and in the parental variety.
Krug yellow dent, an open-pollinated variety, was used as foundation material in
developing three synthetic varieties by two cycles of recurrent selection. Selection
was directed toward high combining ability in two of the synthetics and toward low combining ability in the third. The two second-cycle high-combining synt hetics were derived from the same first-cycle synthetic and differed only in that more lines were
used in the production of one than in the other.
Seventy-six So plants in each of the four populations were outcrossed to WF9 x Ml4

no.

1Doctoral thes1i
1520, aubmitted Karch 25, 19540 Chairman ot Committee, G. F.
Sprague, Deper\ment ot AgJ'onomy.
2B.Sc., University ot Nebraska, Lincoln, Nebr., 1941. M.Sc., Ibid., 1949.
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and the test crosses grown in a yield trial. The test crosses from the high-combining
synthetics were, on the average, significantly higher in yield, 5. l and 5. 5 bushels per
acre, than those from Krug. Likewise, the test crosses from the low-combining synthetic averaged significantly lower in yield than those from Krug. The difference in
this case was 2. 3 bushels per acre. It was concluded that the two cycles of recurrent
selection had been effective in modifying combining ability and that the high-combining
synthetics would be better sources of new lines than would Krug.
Self-pollination was continued in the eight S 1 lines intercrossed to produce the firstcycle high-combining synthetic and the seven lines intercrossed to produce the firstcycle low-combining synthetic. The lines were advanced to the S 4 or S 5 generation, selection at each generation being based on test-cross yields. The average test-cross
yield of 22 lines selected for high combining ability did not differ significantly from the
average yields of test crosses from the high-combining synthetics. Similarly, the test
crosses of eight lines selected for low combining ability gave yields essentially equal
to the average yield of test crosses from the low-combining synthetic.
The testing program in the continuous-selfing series had included testing in two
years, testing at two locations, and in some cases a combination of both. In contrast,
selection in the recurrent selection series was based on tests each grown at a single
location and for a single year. Considering the difference in intensity of testing in the
two series, recurrent selection would be considered equal and perhaps superior in
efficiency to the continuous selfing procedure. It was pointed out that only small additional advances could be expected in the selfing series since genetic variability within
S 5 lines would be quite low. On the other hand, enough variability for additional gains
was still present in the recurrent selection populations.
Relative levels of genetic variability for combining ability in the three second-cycle
syntl)etics and Krug were estimated through the variance component analysis method.
The synthetics were significantly less variable than was Krug . The differences in variability were greater than had been anticipated. A part of the reduction in variability
was attributed to shifts in gene frequency resulting from selection. It is not likely,
however, that changes in gene frequency accounted for more than a small fraction of
the reduction . A large portion of the reduction in variability was considered a result
of inbreeding. This required the assumption that the actual rate of inbreeding was considerably above the minimum expected. The increased rate of inbreeding was explained
as possibly resulting from non-randomness of mating among the selected S 1 lines, differences in yielding ability of S 1 lines~.!!!.! differences in prepotency among S 1 lines,
and differences in viability of the S 1 lines intercrossed by natural pollination in an isolated plot in the first cycle of recurrent selection.
The importance of maintaining genetic variability at a high level was discussed.
Methods of minimizing inbreeding in a recurrent selection program were reviewed and
discussed.

POPULATION SPECIFICATIONS OF THE EUROPEAN CORN BORER,
PYRAUSTA NUBILALIS (HBN. ), IN FIELD CORN1
JUDSON ULERY MC GUIRE, JR. 2
Department of Zoology and Entomology
The economic entomologist has come to realize that statistical procedures are powerful research tools. As a result, the use of statistically designed experiments by entomologists has increased considerably in the past two decades . The use of several
common tests of significance, however, assumes normality or a certain approach to
normality· in the data being analyzed . From work done by entomologists and statisticians interested in entomological problems it has been learned that, in general, insect
data have a tendency to be non-normal and more variable than expected. This has been
found to be true of data from European corn borer populations which are expected to
follow a Poisson distribution but are generally poorly fitted by it .

1nootoral theah no. 1514, submitted »arch 12, 1954·. Chai~n or COlllllittee, TOlll Ao
Brindley,Departmen:t or Zoology ud li:ntcaologyo
2 B.s., Iowa State College, Amee, Iowa, 1941. K.s., Ibid., 1947.

458

ABSTRACTS OF DOCTORAL THESES, 1953-54

In order better to understand the nature of the population distributions, the following
areas were investigated: (l) the mathematical function which best graduates the data,
(2) the appropriate transformation to use on the data in order to stabilize the variance,
(3) the efficiency of size and shape of plot, and (4) the size of sample per plot which
should be used if plot means are to be analyzed.
The data consist of the number of borers, by instar, dissected from 7093 cornplants.
Four, one-third acre experimental areas, selected from four different corn fields during the summers of 1952 and 1953, were studied. All plants in the 1952 experimental
area were dissected while all three experimental areas in 1953 were sampled at the
rate of one plant from each hill. The plant dissected was selected at random fr om
those present in each hill. The information from each plant dissected was punched on
an IBM card and all tables for the analyses made from the individual cards.
Four contagious distributions found in the literature are reviewed and a new contagious distribution based on the binomial law is presented. A full mathematical discussion of all five contagious distributions is presented in the appendix. The name P oisson
binomial contagious distribution was given to the new distribution since it consists of a
binomial parameter distributed over a field as a Poisson variate. Three of the five
distributions discussed were chosen to fit to the observed frequency distributions, these
were : the negative binomial, Neyman tye A, and the Poisson binomial. The fitting of
all three distributions is discussed in detail.
It was found that the Poisson binomial gave, in general, the best fit when all the corn
stalks in an entire field were dissected or the population mean was less than one. When
the field was sampled and the population mean was greater than one, the negative binomial gave the best fit. Tables showing the observed and theoretical frequencies for
nine frequency distributions are given, together with charts showing the observed and
the best fitting theoretical frequencies.
The use of transformations is discussed with particular reference to the Beall inverse hyperbolic sine transformation and a new square root transformation analogous
to the square root transformation for data following the Poisson law. Both transformations were investigated as to their effect in stabilizing the variance and as to the resulting normality on the transformed scale. It was found that the square root transformation was more successful in stabilizing the variance over the range of population means
studied, 2.03 to 0.16, than the inverse hyperbolic sine transformation. On the other
hand, the inverse hyperbolic sine transformation was more successful than the square
root transformation in imparting normality to frequency distributions with low means,
less than one.
Using the data from the experimental area which had been completely dissected it
was found that the variances per unit plot followed the H. Fairfield Smith law for heterogeneity. .(\ weighted multiple regression equation was fitted to the observed variances per unit plot using the ratio of the width of plot to the length of plot ~s a shap·e
factor. The regression coefficient for the shape factor, however, was not significantly
different from zero and that variable was discarded. It was found that there was not a
sufficient increase in efficiency in using a 324-hill plot over a 216-hill plot to make the
use of the larger plot worthwhile. It was determined that the best shape of plot for insecticide experiments is a plot four or six rows wide by 126 feet long.
For plot work in which the plot totals are to be used in the analysis it was found that
the minimum .s ample size should be twenty plants selected at random from each plot.
A method for estimating sample size is proposed, using the beta coefficients for the
three distributions studied and a special log log chart which is provided.
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NUTRITION.AL .ACTION OF .AUREOMYCIN .AS RELATED TO .AN
UNIDENTIFIED GROWTH F.ACTOR1
GRENDEL E. MC KIMPSON 2
Department of .Animal Husbandry
The present study, conducted in eight separate experiments, was initiated in an attempt to demonstrate increased intestinal synthesis of an unidentified growth factor for
swine as a result of the feeding of aureomycin.
Five of the trials were conducted using a total of 120 head of swine individually fed
in wire bottomed cages equipped with self-feeders and automatic waterers. One trial
involved 36 head of cross-bred swine group fed in pens with concrete floors. Two
trials were run using weanling rats.
Bacteriological techniques were used to isolate fungi from the feces of growingfattening swine fed 5 mg. of aureomycin hydrochloride per pound of ration. Forty different strains of fungi were isolated and mass cultures of the different species were
tested for acute toxicity for mice. The cultures were increased in the biochemical
laboratories on the Iowa State College campus. Selected nontoxic cultures (ranked according to the frequency with which the organism appeared in the feces) were fed to
growing-fattening swine maintained both on wire and concrete floors.
When placed upon experiment, both the pigs and rats were fed a corn-soybean oil
meal type basal ration fortified with minerals, including trace minerals, as well as
· all known crystalline vitamins which were commercially available.
Strains of the following species of organisms were added, either singly or in combination, to the basal ration; .Aspergillus niger, ~· chevalieri, ~. flavus, Oospora sp.,
Botrytis sp., Circinella sp., and a~ sp.
Varied levels of the cultures (5 to 20 per cent) were added to the basal ration as
fermentation broth and also in a concentrated form .
.A randomized block statistical design was used in all trials of this study.
The results of four pilot experiments using swine indicated that cultures of .A. flavus
strain 18 contained an unidentified growth factor. The addition of .A. flavus 18las fermentation broth) in amounts equal to l 0 per cent of the total dry ~eight of the ration
caused a 0.16 pound increase in the average daily gains over that obtained using the
basal ration. The inclusion of cultures of~. niger and~. chevalieri had a depressing
effect on average daily gains.
The fifth trial, using individually fed swine, as well as the trial using swine (group
fed) in pens with concrete floors, involved feeding concentrated fractions of a culture
of fl· ~ 18 which had been increased, divided into its fractions, and then the filt:i:ate concentrated 27 times and the mycelium concentrated 580 times. .An analysis of
the data obtained as a result of feeding cultures of fungi to growing-fattening swine in
wire bottomed cages did not indicate any statistically significant positive effects due to
the ration treatments.
Fractions of .A. flavus 18 (either filtrate or mycelium or a combination of the two
fractions) includ;d in the ration in amounts equivalent to the amount present in 10 per
cent of the original fermentation broth increased daily gains over thos"' of the basal
ration when fed to weanling pigs (group fed) in pens with concrete floors. The filtrate
fraction increased daily gains 0.40 pound over those of the basal ration (1. 33 pounds
as compared to O. 93 pound) and caused a saving of 22 pounds of feed required to produce 100 pounds of gain.
The magnitude of the increased gains produced by the mycelium fraction and a combination of the two fractions was less than that of the filtrate fraction ( l. l 0 and l. 24
pounds, respectively).
1 Doctoral thesis no. 1526, submitted llay 6, 1954. Chairman or Committee, Damon Catron,
Department or Animal Husbandry.
2 B.A., University or Iowa, Iowa City, 1942. B.s., IO\va State College, Ames, Iowa, 1947.
w.s., Ibid., 1950. Research Fellow, Agricultural Experiment Station.
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RELATIONS BETWEEN PARTS OF LACTATIONS AND THE
REAL PRODUCING ABILITY OF HOLSTEIN cows'
DALE ERNEST MADDEN 2
Department of Animal Husbandry

The repeatabilities, heritabilities, and genetic correlations for milk and butterfat
production for varying portions of lactation were studied on 599 records by 253 different cows in the Iowa State College Holstein herd. These were all the completed lactations of at least 243 days duration during the period fr.o m 1940 to 1952.
Weights of milk were recorded for all milkings and the milk was tested one day each
month. The fat production was computed as the product of the monthly fat test and the
actual milk produced during the month.
Repeatability values were computed for both milk and fat production for monthly and
cumulative periods of the lactation. Components of variance for cow (C) and error (E)
were used to obtain repeatability values, which are the correlations between records
made by the same cow in different lactations. About 40 per c e nt of the 253 cows had
only one record. Insofar as single-record cows were not allowed to produce a second
time because of low production in the first lactation, this would have made the estimates
of both E and C somewhat lower than they would have been in an unselected population.
It appears that both would have been biased in about the same proportion and, therefore,
that the repeatability estimate,
C , would be biased little or not at all, although
C+E
this point may merit more detailed study.
Individual monthly repeatability values ranged from 0.26 for ninth month to0.S9 for
second month of milk production and from 0.15 for ninth month to 0.52 for first month
of fat production. Repeatability values for cumulative lengths ranged from 0. 51 for
the first 305 days to 0. 61 for the first 90 days of milk production and from 0.43 for the
first 305 days to 0. 57 for the first 90 days of fat production. The repeatability values
indicate that the later single months are more strongly affected by environmental variations than are the early months.
The standard age correction factors developed for 305 day total lactations are definitely inaccurate for monthly parts of lactations. This is mainly due to the higher persistency of first lactations.
Using the standard 305 day age correction factors on
monthly segments of the first lactation definitely undercorrects the early months and
overcorrects the later months. When the standard 305 day factors were applied to increasingly longer cumulative periods, their adequacy increases as the period approaches the 305 day period.
Heritability values were computed by doubling the intra-sire regression of daughter
on dam. The .daughter-dam pairs used in this part of the study numbered 157. First
records only were used to calculate all ten of the cumulative heritabilities, but average
records were also used to compute heritability of single 30 (or 31) day periods and
eight, nine, and ten month cumulative periods. When corrected to a single record
basis, the heritability values found for single months ranged as low as -0. 08 for the
tenth month to as high as 0.40 for the sixth month of milk production and from -0.15
for the tenth month to 0.32 for the second month of fat production. The standard errors
for these estimates were of the order of 0. 18 to 0. 22 and could have made the high and
low values so extreme. Heritabilities for cumulative periods ranged from 0.34 for the
first 120 days to 0.63 for the first 274 days of milk production and from 0.30 for the
first 120 days to 0.47 for the first 243 days of fat production. Heritabilities of the
magnitude found for the cumulative periods indicate that phenotypic selection should
cause noticeable genetic improvement in milk and fat production.
Genetic correlations between cumulative parts and whole (eight, nine, and ten months)
lactation production were computed using only the first records. Values approaching
and exceeding unity were found for many of these genetic correlations. Whether the
excess over unity was caused only by sampling errors or also by selection or some
other feature of the data is not clear. Such large genetic correlations indicate that
genes which influence production during the early part of the lactation are the same

1ooctorol thesis no. 1538, submitted June 1, 1954. Chairman of Committee, Jay L. Lush,
Department of Animel Husbandry.
2B.s., Inter-American Instutute of Agriculturol Sciences, Turrialba, Costa Rica, 1946.
M.~., Ibid., 1948.
Graduate Assistant, Agricultural Experiment Station.
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genes which influence production during the other parts of the lactation, and that the
actual differences in persistency are only slightly if at all genetic. Autornaticitybetween a part and the whole is not the reason for the high correlations obtained here
since the genetic correlations were ratios whose numerators were obtained by correlating trait1_ in the darn with trait 1_ in the daughter and vice versa, while the denominators were obtained by correlating trait i in daughter and darn and trait j in daughter
and darn. For example, the genetic correlation between cumulative 60 d;;:y and cumulative 305 day production is obtained by correlating 60 day production in the darn with
60 day production and 305 day production in the daughter and by correlating 305 day
production in the darn with 60 day and 305 day production in the daughter. If the genetic
relations are really as high as the estimates found here, selection for part record
would cause almost or fully as much genetic gain in whole lactation production as would
selection on whole records.

SELECTION TECHNIQUES IN COTTON BREEDING1
CLEO WILLARD MANNING2
Department of Agronomy
Two general methods for improving cotton yield and quality have been in use for
many years. They are (l) pure line selection within variable commercial varieties and
(2) hybridization followed by subsequent selection. These methods have been successful
in producing varieties now widely used in the cotton belt. Considerable time is spent
both in the field and the laboratory to evaluate selections for fiber qualities, lint per
cent, plant maturity and general agronomic desirability. It would be of value to know
how much emphasis should be placed upon character measurements in single plants.
It also becomes important to know which hybrids offer the best opportunity for obtaining
outstanding lines and at what stage in the breeding program this could be determined.
In this study, the agronomic performance of several American Upland cotton crosses
were studied through the Fs generation in an attempt to find at least partial answers to
such problems.
The data obtained in this study showed that F 1 crosses between commercially acceptable varieties may yield considerably more than the higher yielding parent, but possibly to no greater extent than varieties of other largely self-pollinated crops like soybeans, wheat or flax. Cross-pollination may be sufficiently high in some varieties and
under some conditions to consider the feasibility of commercial production of F 1 seed.
Obviously, this practice could not become successful unless a male sterility mechanism could be incorporated into breeding stocks.
Yield of the F 1 or bulk F 2 generations did not consistently predict the yield potential
of a hybrid in subsequent generations. Some hybrids ranked relatively high in the F 1
or F 2 but were low in the F 5 • For this reason it becomes necessary to study each individual hybrid. The data show that hybrids with Deltapine as one parent ranked fairly
high in the F 1 and continued to do so in later generations.
•
Evaluations for lint per cent, lint index, seed size, and boll size in the F 1 or bulk
F 2 populations were indicative of the level of performance expected in subsequent generations. For these characters entire crosses could be eliminated on the basis o!
performance in either the F 1 or F 2 generations. It was found that parental varieties
which ranked high for these characters tend to produce hybrids which also ranked high.
As is true for other crops, it appeared that the cotton breeder often can determine
which varieties to use in hybrids by evaluating the parents for desired characters.
To test the value of selection on a single plant basis, F 2 plants were chosen as phenotypically high and low and at random for yield. These selections were tested in unreplicated F 3 progeny rows and in replicated field trials in the F 4 and Fs generations.
It was concluded that as a general practice selection for yield on a a'ingle plant basis
was unjustified in cotton. For all crosses, except one, it appeared that it would be as

1Doctoral thesis no. 1511, submitted March 11, 1954.

Chairman of Committee, I. J.

Johnson, Department of Agronomy.

2 B.s., Illinois Wesleyan University, Bloomington, Ill., 1940.
Mechanical College of Texas, Colleg e Station, Texas, 1942.

M.s., Agrlcultural and
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profitable to select a random sample of the Fz population as selecting phenotypically
superior plants.
The qualities upon which the cotton fiber price is based are grade and length of lint
with some attention paid to fineness and strength of fiber. In addition, the grower
strongly emphasizes yield and lint per cent. It follows that it is important to know the
extent and kind of relationships among and the heritability of these characters. The
phenotypic correlations obtained in the Fz, F 3 , and F 4 generations showed that high lint
per cent was correlated with high yield, high lint index, small seed, and to some extent
with long and weak fiber. Large boll was correlated with high lint index, large seed,
coarse fiber, and to a lesser degree with long and strong fiber. Strong fiber was correlated with small seed, low production, and possibly low lint per cent. These correlations suggested that it should be possible to obtain a high producing line with high lint
per cent but weak fiber and small seed. Such a line most likely would have a small
boll since small seed and small boll were closely correlated.
The phenotypic association between any two characters may be due ot the combined
effects of the genotype and environment. Genetic correlations were used in an attempt
to separate the two causes and were calculated by the use of reciprocal parent-progeny
regressions. The genetic correlations involving lint per cent, lint index, seed size,
and yield were not greatly different from the corresponding intergeneration phenotypic
correlations. Those involving yield were inconsistent.
The possibilities of progress by selection is largely determined by the heritability
manifested by a character. In this study heritability estimates were determined by
calculating the regression of progeny means in F 3 on Fz single plants, progeny means
in F 4 on Fz single plants and F 4 means on F 3 means. The regressions of F4 means on
F 3 means gave the highest values. Heritability of lint per cent ranged from 62 to 76
per cent, suggesting that selection for lint per cent would be effective on an individual
plant basis. Heritability of yield was too erratic to justify selection of single plants
and supports the co,.;,mon practice among cotton breeders of eliminating undesirable
agronomic types before evaluating for yield.

INFRARED SPECTRA OF SOME AROMATIC COMPOUNDS1
MAR VIN MARGOSHESz
Department of Chemistry
A study has been made of the effect of substituent groups on the infrared spectra of
substituted benzenes, with particular emphasis on the region from 11. 5 to 14 .5 microns, where the absorption bands correspond to the out-of-plane vibrations of the hydrogen atoms on the ring. To a first approximation, the frequency of the absorption
bands is determined only by the number and arrangement of substituents, but some substituents, particularly nitro and carboxyl groups, cause radical changes in the spectra.
In para-disubstituted and 1, l, 4-trisubstituted benzenes having a nitro or carboxyl
group as one of the substituents, an absorption band was found near 13 microns thatis
not normally present in aromatic compounds with this symmetry of substitution or in
other aromatic nitro compounds or carboxylic acids. This absorption band must be due
to some vibration of the aromatic nucleus, but the nature of the vibration is unknown.
A more general effect of nitro and carboxyl groups is a shift of the out-Of'-nlane hydrogen bending vibrations to higher frequency. The possibility that the shifts could be
caused by the effect of the mass of the group is considered, and it is shown that for
most groups there is a relation between the mass of the atom attached to the \ring and
the frequency of the absorption band, but that nitro and carboxyl groups act as though
they were much lighter than the mass of the nitrogen or carbon atom. The po S,sibility
that the shifts are caused by a resonance effect is ruled out by the fact that the ,nitrile
group has only the effect to be expected when the atom attached to the ring is a carbon
atom.

1Doctoral thesis no. 1479, submitted December 9, 1953. Chairman of Committee, V. A.
Fessel, Department of Chemistry.
2 B.s., Brooklyn Polytechnical Institute, Brooklyn, New York, 1951.
Research Aesociate, Institute for Atomic Research.
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It is possible to explain these band shifts on the basis of a hydrogen bond between
the oxygen atoms of the nitro or carboxyl group andaa hydrogen atom on the ring ortho
to the group. Data from X-ray crystal structures of para-dinitrobenzene and diethylterephthalate indicate that the distance between the oxygen atoms and the ring hydrogen
atoms is short enough for the formation of a hydrogen bond. By means of this hydrogen
bond it is also possible to explain the effect of steric interactions on the frequency of
the out-of-plane hydrogen bending vibration in ortho-disubstituted benzenes as well as
certain changes in the spectra of geometric isomers with the same symmetry of substitution, such as 2, 4-dimethylbenzoic acid and 2, 5-dimethylbenzoic acid.
The C-H stretching vibrations near 3000 cm- 1 show no pronounced effect of the nitro
or carboxyl group. It is shown that this observation does not necessarily disprove the
hydrogen bond hypothesis.
The in-plane bending vibrations of aromatic compounds give rise to absorption bands
between 8. 5 and l 0. 5 microns. In the monosubstituted benzenes the frequency and intensity of the absorption bands is determined by the atom attached to the phenyl group,
with negligible influence from the rest of the molecule. The band patterns are constant
enough so that it is possible to recognize the presence of groups such as phenyl-silicon
by observing the spectrum in this region. Nitro and carboxyl groups do not have an
unusual effect on the spectra of this region.
The spectra of phenyl acetate and benzyl chloride were studied in the liquid and
solid states. The changes that occur in the spectrum of benzyl chloride on going from
the liquid state to the solid state indicate that there are at least two rotational isomers
present in the liquid state. In phenyl acetate no such changes occur, indicating that
rotational isomerism does not occur in this molecule. This is inaccord with an interpretation of the small dipole moment of phenyl acetate.
Some data on the spectra of substituted benzenes in the 15 to 25 micron region are
presented. For the monosubstituted benzenes it is possible to correlate the absorption
frequency with the mass of the element attached to the benzene ring. There is a consistent shift of the absorption bands in this region to lower frequency as the mass of
the substituent atom increases. Similar correlations appear to be possible for the
para-disubstituted benzenes, though in the ortho-disubstituted benzenes steric factors
make any simple spectra- structure correlations impossible.
A method is presented of measuring the relative concentrations of phenyl and paratolyl groups in arylsilanes by means of the absorption bands between 11. 5 and 14. 5
microns. The method is unusual in that the sum of two band intensities must be used
to determine the concentration of phenyl groups instead of measuring just one absorption peak. The analytical curve is a straight line passing through the origin, and the
precision of the analysis is apparently limited only by the precision of the photometric
measurements.

THE THEORY OF PSYCHROMETR Y 1
JOHN R. MAY 2
Department of Chemical Engineering
The analogy between fluid friction, heat transfer and mass transfer is used in this
paper to describe the behavior of the wet- and dry-bulb psychrometer. Equations are
derived to describe the velocity, temperature, and concentration profiles for the flow
of fluids through the round pipes based on a new correlation of the Prandtl mixing length
with pipe diameter for fully turbulent flow. These equations are extended to apply to
the case of flow of a fluid at right angles to a single cylinder.

1Doctoral thesis no. 1449, submitted July 17, 1953. Chairman of Committee, B.F. Ruth,
2Department of Chemical Engineering.
B.s., Northwestern Technical Institute, Evanston, Ill., 1943. M.S.R., Univereity of
Michigan, Lansing, Mich., 1948. Instructor.
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The resulting psychrometric equation is

(l.072

s2 / 3 _

1) + 0.38 Re 0 • 1 5

(Pr 2 / 3 -l) + 0.38 Re 0 · 15
where
Pw = vapor pressure of the vaporizing liquid at the wet-bulb temperature
Pa = partial pressure of the active component actually present in the gas stream
P =total pressure of the system
).. b = latent heat of vaporization of the active component at the wet-bulb temperature
plus the sensible heat required to heat the vapor from the wet-bulb temperature to the temperature at the boundary of the fusion layer
ta and ~b = true gas temperature and wet-bulb temperature, respectively
h~ = modified radiation heat transfer coefficient:

tw - twb
hr ta - twb
hr = radiation coefficient found from modified form of the Stefan-Boltzmann
equation:

hr
tw
Tav
Cl T
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= temperature of enclosure surrounding the thermometers
=arithmetic mean of tw and twb expressed in °R
= temperature difference, (tw - twb), in °R
= emissivity of the termometer taken here as 0. 90 for the wick
= convection heat transfer coefficient found by:

he
k
D
Re
u

0.00692Ew(~)3 (1 + 0.25

~ 0.45 (10 He)0.235[1 + 0.1595 log (10 He)]

= thermal ' conductivity of gas
= diameter of thermometer
=Reynolds number= DuP/ µ
= linear velocity of gas flow
= density of gas
= viscosity of gas
= molecular weight of gas plus vapor it contains
= molecular weight of active component (vapor)
= heat capacity of gas
= Schmidt number = µ / P Dv
= diffusivity of vapor through gas
= Prandtl number = cµ/k.

To determine the true gas temperature, ta, where the dry-bulb thermometer is subject to radiation error, it is necessary to use a heat balance expressed by

where
tt = temperature indicated by thermometer and all other symbols are as defined
above.
The emissivity, e , to be used in the hr term in this case would be that of a plain
mercury-glass thermometer which is shown to be 0. 73.
Equations are also given here to predict friction factors for the flow of a gas at
right angles to a single cylinder.
All of the equations given apply whether the system used is the common air-water
vapor system or a:ny other combination of gas and vapor, providing the physical properties such as go to make up the Schmidt and Prandtl groups are known. Conversely,
if the properties are not known, this provides one way of determining them experimentally.
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ACTIVITIES OF ALIPHATIC ACIDS AND ALCOHOLS
IN BINARY AQUEOUS SOLUTIONS 1
FREDERICK A. MILLER 2
Department of Chemistry
A rapid and accurate new method for the determination of activities of both comp onents in binary mixtures of volatile solvents is described. The method involves the
transfer of an equilibrium mixture of vapors from ab ove the solution of interest to a
pr e viously evacuate d reservoir flask. The pressure is read after total pressure equilibrium is e stablishe d above the s elution. The equilibrium mixture of vapors is condensed in a liquid nitrogen trap and later analyzed interferometrically.
The crucial feature of the apparatus was a solenoid operated intermittent bleeder
valve w hich insured the transfer of an equilibrium mixture of vapors from the generator flask to the reservoir flask. Othe r valves which permitted a continuous flow of vapors were not satisfactory, as results were always characterized by high partial pressures for the faster evaporating component. Complete directions are given for the
construction of the intermittent bleeder valve.
Activity coefficients of both components at Z5.00 + O.OZ°C in water-methanol, waterethanol, water-propanol-1, wate r-acetic acid, water-propionic acid, and water-nbutyric acid systems determined by this method are given and compared with best literature values.
The activity coefficient data as determined were made self-consistent as required
by the Du hem-Margules equation. The data were found not to fit the Margules equation,
i.e., plots of the log
/ 2 and log
/ ,2
against the mole fraction organic com.YA Xw
Yv~ "\~

ponent XA did not give straight lines of zero slope. (Subscript A refers to alcohol or
acid and subscript w to water.) Instead, plots of this type led to straight lines with a
nonzero slope or to parabolic shaped curves. Therefore, these curves were fitted with
linear or quadratic equations over the entire range of concentration or over parts of
the range in cases where it was difficult to fit the curve with one set of constants. The
data are represented by,

l og YA

xr-

the Duhem-Margules equation requiring,

a - .Q

+

b - 2c

2
The constants a, b, and c are giv e n for the system determined. In general, the data
are consistent with the Duhem-Margules equation.
Specific interactions at infinite dilution (specific free energy effects) are discussed.
Specific free energy effects for completely miscible systems are calculated from experimental activity data; those for incompletely miscible systems are estimated from
solubility data. Explanations of specific free energy effect variations in terms of component structures, functional groups, and lengths of aliphatic chains are advanced.
The concentration dependence of activity coefficients is discussed. The excess free
energy of mixing, i.e., the free energy in excess of the ideal free energy of mixing, is
calculated for all the systems determined. This excess free energy of mixing is discussed in terms of enthalpy and excess entropy of mixing.
A complete discussion is given of the errors inherent in the method for determination of the activities. Several modifications are suggested for improving the apparatus
and for applying it to other nonaqueous components.

1Doctoral thesis no. 1454, submitted August 7, 1953. Chairmnn of Conunittee, R. s.
Hansen, Department of Chemistry.
2 B.A., Luther College, Decorah, Iowa, 1949. Research Ass i stant, Institute for
Atomic Research.
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ENGINEERING REPLACEMENT ECONOMY IN IOWA INDUSTRY'

JACK PARKER MILLS 2
Department of General Engineering
Engineering Economy is the title applied to a body of methods used to make the wisest and usually most economic choice among several possible alternatives of such technical complexity that engineering knowledge is essential. The most usual and difficult
engineering economy study presents itself when one of the alternatives is the status quo,
i.e., the presently existing machine or structure still capable of rendering service if
retained. It is in this broad area of replacement studies that much erroneous thinking
has occurred. Very little evidence of factual information in this area has been found.
None was found that was directly applicable to Iowa.
The investigator desired to secure data about actual replacement economypractices
of manufacturing plants in the state of Iowa. Fully to describe the replacement economy practices, it was also necessary to secure data on other closely related practices
including depreciation, accounting, and appraisal. The stated objectives of the investigation were to secure data on the previously mentioned practices, to compare this data
where possible with currently known data, to interpret this data by comparison with
conventional or suggested practices, and to report the results of the investigation back
to the Iowa manufacturing plants for their use. The study was intended to be prirna rily
descriptive in nature rather than interpretive.
Manufacturing plants in Iowa number over 2, 100. From this total 300 were selected
according to best statistical techniques. A questionnaire composed of 26 questions was
sent by mail to the selected group requesting their response.
The most valuable findings of the investigation are enumerated below. Certain of
the attributes reported were related to the size of the plant as measured by the number
of employees. The relationships were tested by the proper statistical techniques and
are noted where they exist. Exact percentages have been rounded to the closest simple
fraction. The findings were as follows:
1. Response to the questionnaire was related to the size of the plant. As the size of
the plant increased, the pi:oportion of responses to number samples increased.
2. Evidence was found to indicate that the nonrespondent portion of the sample would
give essentially the same answers as the respondent portion of the sample. Therefore, the unc~rtainty due to some questionnaires not being returned was reduced.
3. The organization of Iowa plants into corporations, partnerships, or sole proprietorships was essentially in the same proportion as the United States taken as a
whole.
4. Where a plant was a branch of a larger multi-plant company, only one-eighth of
such plants were allowed any local voice in policies regarding engineering economy.
5. The average number of employees in an Iowa manufacturing plant was 91. The
estimate of the total number of employees engaged in manufacturing in Iowa was
195, 500.
6. The distribution of the number of plants in each of the six size groups was essentially the same as that of the United States taken as a whole.
7. Appraisals, when made, were predominantly for the purpose of insurance valuation. More large plants had made appraisals than small plants.
8. The average appraisal gave a valuation that varied 20 per cent from total assets
as shown on the balance sheet for a particular plant.
9. Nearly half the plants calculated depreciation for only one reason, namely, income tax deductions. However, larger plants listed several other reasons for
determining depreciation.
10. Slightly over half the plants used life values from Bulletin F, U.S. Treasury
Department, solely. This practice was related to the size of the plant. Larger
plants used Bulletin F to a lesser extent than smaller plants.
11. Over four-fifths of the plants used straight depreciation exclusively.
12. An increase in the use of declining balance depreciation, particularly by smaller
plants, was found by comparison with data reported 15 years ago.

1Doctoral thesis no. 1548, submitted June 3, 1954. Chairman or CClllllllittee, James P.
McKean, Department or General Engineering.
2B.s., Iowa State College, Ames, Iowa, 1943. v.s., Ibid., 1949. Instructor.
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13. Nearly one-half the plants stated that the values of useful life given in Bulletin
F, U.S. Treasury Department, were satisfactory or too short. This finding
was contrary ta much published opinion. As the size of the plant increased, the
satisfaction with the values of useful life in Bulletin F dee reased.
14. Almost three-fourths of the plants favored a proposed ruling by the U.S. Treasury Department that would allow plants to calculate depreciation far income tax
purposes with a useful life of their own choosing and shorter than those given in
Bulletin F.
15. Almost one-third of the plants would not consider replacement of equipment that
was not worn out. As the size of plant increased, the willingness to consider
replacement increased.
16. The average pay-off period among those who use it as a criterion far signaling
replacement was 3. 0 years. This average far Iowa did not differ from two reported U.S. averages of 2. 7 years and 3. 3 years. Over four-fifths of the plants
stated they had no policy on the length of the pay-off period.
1 7. Securing capital to finance economic replacement was a more important problem
to one-eighth of the plants than showing the economy of the replacement. As the
size of the plant increased, the problem of securing capital decreased in importance.
18. Plants in Iowa attempted ta estimate conditions affecting an engineering economy
study three to four years into the future. As the size of plant increased, estimates of conditions were attempted farther into the future.
19. Formulas for determining replacement decisions were used by less than · one
twenty-fifth of the plants.
20. A hypothetical problem yielded information equivalent to several direct questions.
The problem technique with further development should be a useful device in
studies of this nature. Same findings from the problem were as fallows:
a. Actual calculations were observed to be widely variable.
b. Rates against an arbitrary scale of goad practice, the quality of problem
solutions was not related ta size of plant.
c. For the specific data cif the problem almost three-fourths of the respondents
chase ta replace the present machine with the prapasedmachine. The problem data were chosen so that a replacement was definitely indicated.
d. Same evidence was found that the largest sized plants were more conservative about replacement decisions than all other sized plants.
e. Sunk casts were improperly handled or not considered at all by every respondent who showed calculations except one.
These findings are presented with the author's belief that useful information about
engineering replacement economy practice has been made available, particularly far
the state of Iowa.

TAXONOMY AND DISTRIBUTION OF THE GENUS SPARTINA 1
DAVID GEORGE MOBBERLY'
Department of Botany and Plant Pathology
This investigation deals principally with the redetermination of the limits of and the
variability within the species of Spartina, a genus of grasses. Results of the study
shaw the genus to be composed of sixteen species and two minor forms. Only one minor namenclatarial change is proposed. Because the genus had not, heretofore, been
properly typified, Spartina cynosuraides (L.) Rath is selected as the type species.
The sixteen species are placed in three complexes on the basis of morphological
similarity. Species of the first complex possess hard, slender culms and spikelike
panicles composed of numerous, short, closely imbricate, twisted spikes. Rhizomes
are usually wanting; if present, they are short and knotty. ~- arundinacea of several

1Doctoral thesis no. 1452, submitted July 29, 1953. Chairman of Committee, Richard
Pohl, Department of Botany and Plant Pathology.
2 B.s., Baldwin-Wallace College, Berea, Ohio, 1948. M.s., University of Michigan,
Lansing, Mich., 1950. Instructor, Industrial Science Research Institute.
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South Atlantic and Indian Ocean islands, S. ciliata of southern South America and S.
spartinae of North and South America are~~s of the first complex.
The second complex consists of species with soft, fleshy, succulent culms; pilose
pubescence on parts of the spike lets; and soft, flaccid rhizomes with inflated scales.
The plants are usually limited to the inter-tidal zone of coastal marshes. Species admitted to this complex are S. alterniflora of North and South America and Europe, S.
~of the Pacific coast -;;f North America,~· longispica of the region near the mouth
of the River Plate in South America,~· ~a of Europe and Africa,~· neyrautii of
southwestern France and S. townsendii of England and France.
Plants of the third complex are characterized by hard culms; nonspikelike panicles;
usually spreading nontwisted spikes; and hispid pubescence on the spikelets. Most of
the species possess firm rhizomes; the scales are not inflated. Species of the third
complex are S. bakeri of salt and fresh water habitats in Florida and Georgia, S. X
caespitosa ofdisturbed ground in and around coastal marshes from Maine to Maryland,
~· cynosuroides of coastal marshes of eastern United States, ~· densiflora of South
America,~. gracilis of the western plains and mountains of North America, ~· pa tens
of the salt marshes in eastern United States and S. pectinata of transcontinental distribution in northern North America.
- ---Within several of the species(~. alterniflora, ~· cynosuroides, ~· patens,~. pectinata and~. spartinae) at least two levels of polyploidy have been found. In none of these
species have suitable means been found for identifying the various levels of polyploidy
except by chromosome numbers.
Hypotheses of hybrid origin for two species were investigated. Data based upon the
analysis of morphological structures are introduced into a numerical index of hybridization. Results of this analysis lend considerable support to the theory that ~· ~
spica has originated by means of hybridization between~· alterniflora and~. densiflora.
This hybrid is presumed to be of monophyletic origin. ~· X caespitosa is thought to
have originated by repeated crosses involving~· patens and~. pectinata. The plants
of this polyphyletic hybrid swarm have been shown to reproduce vegetatively. There
is no evidence that the hybrids produce viable seed. The plants of this hybrid swarm
are found only on disturbed ground. This fact may lend further support to the hypothesis of hybrid origin.

FISH POPULATIONS IN SOME IOWA FARM PONDS
IN RELATION TO PAST HISTORY AND MANAGEMENTl
ROBERT BRUCE MOORMAN 2
Department of Zoology and Entomology
Iowa's 3, 900 farm fish ponds are largely located in the southern part of the state
where other fishing waters are relatively scarce. This study was conducted to ascertain the present condition of farm fish ponds and to search for factors in their history
primarily contributing to success or lack thereof of their fish populations.
All ponds within a delimited area of approximately l96 square miles in the western
half of Marion County, Iowa, and known to have been stocked with bass and bluegills,
were included in the study. Most of the ponds were on silt loam soils and some may
have been in contact with clay sub-soils.
The ponds received a preliminary inspection and, if the pond and its fish population
justified it, a detailed study of the fish population. Fish were gathered by seining,
trapping, and rotenone treatment, and data on length and weight of individual fish were
collected. Populations of each species were estimated, where possible, by the marking and recovery technique.
The ponds varied in size from one-tenth acre to two acres. There was little discernible relationship between pond size and success of fish populations other than that
ponds smaller than one-half acre were less successful than were ponds one-half acre
and larger, and ponds of one-tenth acre were not successful.

1Dootoral thesis no. 1430, submitted July 3, 1953. Chairman ot Committee, Kenneth
Carlander, Department ot Zoology and Entomology.
2B.s., Iowa State College, Ames, Iowa, 1939. M.s., Ibid., 1942.
Associate, Agricultural Extension Service.
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The stocking combination of largemouth black bass and bluegills produced fishing in
new ponds within two years under favorable conditions. This combination was used in
26 ponds, and 58 per c e nt of them were successful. A combination of bass-bluegillsbullheads was used in 18 ponds and 22 per cent of thes e were successful.
The ratio of bluegills to bass as actually stocked varied from a low of 4 to 1 to a
high of 25 to 1, and the rates of stocking expressed as numbers of bluegills varied from
200 to 2500 per acre in combination with bass. There was no relationship apparent between stocking ratios, rates per acre, or pond age with success of the fish population.
Of the practices generally recommended for the management of farm fish ponds the
only one widely followed by farmers was that of fencing to exclude livestock from the
immediate pond area. Fertilization as a management practice was not widely accepted
by pond owners. Fishing pressure at most of the ponds was very light. Annual harvest
at the six most heavily fished ponds was estimated to be not more than 65 pounds per
acre; harvest at twelve others was estimated at not more than 20 pounds.
Turbidity due to fine suspended clay was probably a factor delaying growth of bass
in some ponds. Rooted aquatic vegetation was abundant enough to hinder fishing in only
one pond, and did not seem to be a factor in determining the success of any pond .
Information gathered by the Swingle minnow seine technique was in fair agreement
with that revealed by larger seines and by age studies. The Swingle technique was not
always properly timed to detect young-of-year fish and did not always detect bullhead
populations .
Winterkill was a major influence affecting population balanc e . Fish populations in
31 of the ponds suffered some degree of winterkill during their known history with kills
of all the bass and all the bluegills occurring in 18 of the ponds.
Largemouth bass were in relatively poor condition compared with bass from other
areas, but grew more rapidly than those from other Iowa impoundments and from several midwestern lakes. On the average, bass in Iowa ponds reached the legal length of
ten inches and minimum spawning size during their third summer and probably spawned
for the first time the following spring. Bass in newly stocked ponds grew more rapidly
and usually spawned as two-year olds. Spawning occurred annually except in a few
ponds.
Bluegills from the farm ponds were poor to average in relative plumpness . Growth
of bluegills in ponds having balanced populations was generally good, total lengths at
successive annuli being 1. 7, 4. 1, 6. 1, and 7. 0 inches . Growth in ponds not displaying
balanced populations was noticeably slower. In new ponds bluegills usually reached
spawning size at one year of age, but since growth in established ponds was slower,
bluegills probably did not spawn until two years old. In some cases, young bluegills
were not found until August.
White crappies seemed to reproduce almost annually in Iowa farm ponds. Crappies
from two of the ponds were intermediate in plumpness when compared with those reported in other Iowa studies. Three growing seasons were usually necessary to produce crappies of harvestable size.
Ponds that were rated as successful gave population estimates for bluegills generally ranging from 100 to 400 pounds per acre. Ponds that were rated as unsuccessful
gave estimates ranging from 30 to 75 pounds. Estimates of bass were obtained for
only three ponds, and ranged from 18 to 96 pounds per acre.
Attempts to correct existing unbalanced populations by a supplemental stocking of
bass or bluegills or both were generally not successful, usually because of winterkill.
Rotenone treatment and subsequent restocking was generally successful in re-establishing fish ponds, even where bullheads were not entirely eliminated by the rotenone. One
attempt to control a heavy population of white crappies by seining and removal resulted
in greatly increased growth of the remaining crappies, but did not eliminate them or
their reproduction.
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THE BIOSYNTHESIS OF PYRIMIDINES BY MUTANTS OF
AEROBACTER AEROGENES 1
ELAINE VIRGINIA NELSON2
Department of Bacteriology

The biosynthesis of pyrimidines by Aerobacter aerogenes NRRL # 199 was investigated. Pyrimidine-requiring mutants of this organism which were produced through
ultraviolet irradiation served as a valuable tool in analyzing the reaction sequence of
pyrimidine biosynthesis in this organism.
The demonstration of recombination between certain pairs of mutants was attempted,
in an effort to ascertain the nature of the genetic blocks through an analysis of the resultant progeny. However, recombination did not appear to occur in ~· aerogenes
NRRL #199.
Four distinct types of pyrimidine auxotrophs of~. aerogenes were produced. Type
A mutants grew only on uracil, cytosine, or the corresponding nucleosides or nucleotides. Type B mutants utilized orotate in addition .to these compounds. Type C mutants
responded to ureidosuccinate, orotate, or uracil. The type D mutants utilized these
compounds as well as aspartate . The latter mutant type also responded slightly to
oxalacetate.
These observations are consistent with the following postulated biosynthetic reaction
sequence:
D
C
B
A
Oxalacetate ~ Aspartate-» Ureidosuccinate ~Orotate-+} Uracil
Variations in temperature had no effect on the pyrimidine requirement. The response to the postulated uracil precursors occurred after a lag of 14-16 hours, and
reached a maximum after incubation for 20-24 hours.
The accumulation of an intermediate previous to a given postulated genetic block
could not be demonstrated. Syntrophy did not appear to occur when mutants were grown
together. Uridylic acid was the sole pyrimidine compound which accumulated in the
cells of the wild type or mutant organism under any of the conditions used. The presence of orotic acid riboside could not be demonstrated.
Various pyrimidine compounds accumulated in the supernatant when cultures of the
wild type or mutant organisms were grown in minimal medium which had been supplemented with different pyrimidine compounds or postulated precursors.
Mutants of
types B, C, and D, as well as the wild type organism, accumulated uracil when grown
in the presence of aspartate ; the wild type cells and the types C and D mutants produced
orotic acid and uracil in the presence of ireidosuccinate. The type B mutants and the
wild type organism accumulated uracil when grown in a medium which contained orotate. Thymine and its derivatives were not converted to other pyrimidine compounds
by the wild type organism, although methyl cytosine was readily converted to thymine.
The mutant and wild type cells accumulated uracil in the presence of uridine or uridylic
acid. Cytosine was converted to uracil; uracil, uridine, and uridylic acid were produced from cytidine. Growth on cytidylic acid resulted in uracil production. These
results emphasize the central position occupied by uracil in the pyrimidine metabolism
of~· aerogenes.
The conversion of orotic acid to uracil, or the conversion of ureidosuccinic acid to
orotic acid and uracil could not be demonstrated with resting wild type cells •.
Small amounts of uracil and uridine were shown to be produced by cell-free extracts
of~. aerogenes in the presence of orotate; small amounts of orotate, uracil, and uridine were produced in the presence of ureidosuccinate. The significance of these results were discussed.
Mutants of miscellaneous types were also produced and collected. Some of these
mutants responded t o purines and to an enzymatic (desoxyribonuclease) digest of calf
thymus. Others responded only to the desoxyribonucleic acid digest. These latter
mutants may require a dinucleotide or more complex molecule for growth, since they
did not respond to any of the desoxyribomononucleotides.

1Doctoral theais no. 1515, submitted llarch 12, 1954. Chairman ot Committee, c. H.
Werkman, Department or Bacteriology.
2 B.A., Augustans College, Sioux Falla, s.D., M.A., University or South Dakota,
Vermillion, S.D., 1949. Graduate Assistant, Industrial Science Research Institute.

ABSTRACTS OF DOCTORAL THESES, 1953-54

471

STEREOCHEMISTR Y OF HYDROGEN BROMIDE ADDITION TO OLEFINS 1
THOMAS D. NEVITT 2
Department of Che mis try
The ionic addition of hydrogen bromide to olefins has been studied. Previous investigations of this reaction have been complicated by the use of compounds in which
isom e rism of the olefin or addition product is possible, or in which the participation of
neigh boring groups may direct the course of addition. The olefin selected in this study,
1, 2-dimethylcyclohexene, did not have these disadvantages.
A knowledge of the structure of the isomeric cis and trans 1, 2-dimethylcyclohexanols
was necessary to assign structures to the products of the addition reaction. Pyrolysis
of the acetates of these alcohols should give cis elimination of acetic acid to form mixtures of olefins. The trans 1, 2-dimethylcycl~exyl acetate gave 2, 3-dimethylcyclohexene and 2-methylenemethylcyclohexane. The cis 1, 2-dimethylcyclohexyl acetate gave
1 , 2-dimethylcyclohexene in addition to the olefins given by the trans acetate. Hence,
the assignment of configuration of these alcohols was correct. ~act that the predominant products in the pyrolysis of the cis and trans 1, 2-dimethylcyclohexyl and 1methylcyclohexyl acetates were exocyclic-oiefins -;a;-noted and discussed.
The elimination reactions of the products of hydrogen bromide addition, cis and
trans 1, 2-dimethylcyclohexyl bromides, were studied in order to aid in the dete7mination of their configuration and to obtain a method of the determination of isomer ratios
in their mixtures. The rates and the reaction products for the first order elimination
of both the cis and trans bromides were found to be approximately the same. The first
order rate equatio~ obtained for the cis and trans bromide in 98 per cent ethanol,
abtolute methanol, and 55 .4 mole per ce;;t' aceto~ water at 25 •. Th,e first order
rate constant was also obtained for 1-methylcyclohexyl bromide in the latter solvent at
25 •, and did not differ appreciably from the values for the isom e ric dimethyl bromides.
The predominant product of the first order elimination reaction in the case of the 1, 2dimethylcyclohexyl bromides was 1, 2-dimethylcyclohexene.
The rate and the reaction products of the second order elimination of the cis and
trans 1, 2-dimethylcyclohexyl bromides with sodium hydroxide in 98 per cent -;t°hanol
~of the trans 1, 2-dimethylcyclohexyl bromide with sodium me thy late in absolute
methanol were obtained. The fast rate of the competitive first order elimination reaction rendered precise determination of the rate of the second order elimination reaction
impossible in methanol. In 98 per cent ethanol manageable kinetics were obtained for
the second order reaction. The cis bromide was found to have a second order rate one
hundred times slower than the tr~s bromide. This was interpreted on the basis of the
need of a planar transition state for the elements involved in trans elimination. The
~bromide gave only 1, 2-dimethylcyclohexene as the elimination product in sodium
hydroxide-ethanol solution. The cis bromide gave predominantly 2-methylenemethylcyclohexane rather than 2, 3-dimethylcyclohexene, the product predicted by the Saytzeff
rule. The anomolous formation of this olefin i ~ discussed on the basis of a conformational analysis of the isomeric bromides. The steric requirements of the base in the
second order elimination reaction of trans 1, 2-dimethylcyclohexyl bromide were studied q.;.alitatively. The bases used in thlilinvestigation were lithium aluminum hydride
and the nitrogen bases, pyridine, '2-picoline, and 2, 6-lutidine. The reaction product
was predominantly 1, 2-dimethylcyclohexene at 25 • in each case. The amount of reaction occurring in a given time varied with the steric requirements of the base. Under
forcing conditions isomeric olefin& were formed.
The reaction of hydrogen bromide with the cis and trans 1, 2-dimethylcyclohexanols
was studied to find a method of preparation for the cis and trans 1, 2-dimethylcyclohexyl
bromides. To explain the results of this study, three rea~ path's were postulated.
The SNl mechanism accounted for most of the product in acetic acid. Some retention
of configuration, by way of the SNi reaction, was detected in acetic acid with both the
cis and trans alcohols. The reactions of cis 1, 2-dimethylcyclohexyl acetate gave prod~ts indi~g that alkyl-oxygen fission b;d occurred. In pentane at 1l 0 or at - 78 • the
.SNi, the SNl, and the SN2 mechanisms may all operate. The SNi reactionpredominates

1Doctoral thesis no. 1427, submitted June 22, 1953. Chairman of COllllDittee, George s.
Hammond, Department of Chemistry.
2B.s., Bradley University, Peoria, Illinois, 1947. M.8., Iowa State College, Ames,
IO\Ta, 1951.. Inatruct<ir. Associate, Industrial Science Research Institute.
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at low temperatures. The reaction of the cis 1, 2-dimethylcyclohexanol with hydrogen
bromide at -78° served as a preparative method for cis 1, 2-dimethylcyclohexyl bromide. The importance of the three mechanisms unde;t°he various experimental conditions was discussed.
The addition of hydrogen bromide to 1, 2-dimethylcyclohexene in acetic acid at 25 •,
in pentane at 0°, and in pentane at -78° was investigated. In acetic acid at 25° an equilibrium mixture of the two bromides formed. Because the isomeric olefins, 2-methylenemethylcyclohexane and 2, 3-dimethylcyclohexene did not give the same products, a
stereo specific mechanism in addition to a classical carbonium ion mechanism must be
postulated for the addition of hydrogen bromide to the three isomeric olefins in acetic
acid. In pentane at 0° or -78° moderate concentrations of hydrogen bromide give pure
trans addition . .A concerted attack of hydrogen bromide on the hydrogen bromide-olefin
complex was discussed as a path for this reaction. At high concentrations of hydrogen
bromide in pentane at -78 ° some cis addition occurred. A cyclic mechanism was considered as a possible explanation fur this addition.

ACTION PATTERN OF SALIVARY AMYLASE 1
PHILIP NORDIN'
Department of Chemistry
Amylotriose and amylotetraose were isolated from a salivary amylase-amylodextrin
digest, using a carbon column. Crystalline !-phenyl flavazole derivatives of both sugars
were prepared. The hydrolyses of amylodextrin, amyloheptaose, amylotetraose, and
amylotriose by salivary amylase were studied. The reactions were followed by paper
chromatography and by determination of reducing sugar values. It was found that in
the initial phase of the reaction, amylodextrin yielded maltose, amylotriose and amylotetraose. Amylotetraose was broken down largely to maltose at a rate about one-fourth
that of amylodextrin. Amylotriose was hydrolyzed to glucose and maltose at a rate one
one-hundredth that of amylotetraose.
Radioactive amylo- oligosaccharides were prepared by the coupling reaction of macerans amylase with alpha-dextrin and radioglucose. The products were shown to be labeled exclusively at the reducing glucose unit. The individual members, amylotriose
to amyloheptaose, were hydrolyzed by salivary amylase, and the products at various
stages of hydrolysis were separated by paper chromatography. An examination of the
radioactivity and the reducing power of the hydrolytic products was made. The enzyme
under normal conditions of temperature and pH hydrolyzed certain bonds preferentially.
With the low molecular weight oligosaccharides examined the following generalization
was found to hold: all bonds except the two terminal links and the link second from the
nonreducing end are preferred by the enzyme. The two terminal links are extremely
resistant to hydrolysis. The internal link second from the nonreducing end is hydrolyzed at a rate intermediate between that of other internal links and that of terminal
links.
The singly branched dextrins remaining after extensive action (one thousand times
the length of time required to reach the achromic point) of salivary amylase on waxy
maize consisted of compounds having four, five, six, and seven glucose units. Separation of the dextrins as the !-phenyl flavazole derivatives was achieved by paper chromatography in a solvent having the composition three parts of water, four parts of pyridine, and six parts of n-butanol. Partial degradation of the derivatives by acid hydrolysis and amyloglucosidase yielded hydrolytic products which could be identified by their
characteristic Rf values. The following structures, based on these observations, were
assigned to the major components of the dextrins;
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Evidence was presented that there were also produced doubly branched dextrins in
the range of nine to twelve glucose units, which consisted of compounds with one glucose
unit between branches.

ABNORMAL NUCLEOPHILIC ATTACK ON THE FURAN NUCLEUS 1
WENDELLC. OVERHULT~
Department of Chemistry
Attack in a nucleophilic displacement reaction is classified as being abnormal if the
nucleophile is bonded to a different atom in the product than the atom to which the displaced group was bonded in the original molecule. Such abnormal attack has been found
in the reaction of furfuryl halides with cyanide ion, in which the normal product, furfuryl cyanide, and the abnormal product, Z-methyl-5-cyanofuron, are obtained (1 ). In
an attempt to discover other furfuryl derivatives which would react abnormally either
with cyanide ion or other nucleophiles, furfuryl .i:-nitrobenzoate and furfuryl Z, 4-dinitrophenyl ether were prepared. Neither of these compounds reacted with cyanide ion.
Furfuryl Z, 4-dinitrophenyl ether did not react with ethoxide or hydroxide ion. Furfuryl
.i:-nitrobenzoate reacted with ethoxide ion in absolute alcohol to give .i:-nitrobenzoic acid.
This result indicated abnormal alkyl-oxygen cleavage of the ester. The other product
of such cleavage, ethyl furfuryl ether, could not be isolated. The abnormal cleavage
could take place through the intermediate of a furfuryl carbonium ion which would give
first order kinetics in the ester. A kinetic study of the reaction of furfuryl .i:-nitrobenzoate with hydroxide ion showed the reaction to be second order. This result indicates
that a furfuryl carbonium ion was not in intermediate in the cleavage. Since the other
product of abnormal cleavage, furfuryl ethyl ether, was not isolated, the possibility
exists that .i:-nitrobenzoic acid was formed by some process other than abnormal cleavage.
In general, solid com pounds a·re more easily prepared in a pure state and more
easily checked for purity than liquids and so are suitable for kinetic and other studies.
Since the furfuryl halides are unstable liquids, attempts were made to prepare solid
furfuryl derivatives having reaction characteristics similar to the furfuryl halides. The
preparation of the .i:-toluenesulfonate, .i:-bromobenzenesulfonate, and .i:-methoxybenzenesulfonate of furfuryl alcohol was attempted without success. A solid compound, 3,4diphenyl-Z-furfuryl bromide, m.p. 57°-58•, was prepared. The nitriles or the corresponding acids which would be expected to be formed by the reaction of this bromide
with cyanide ion had not been prepared previously. The preparation of 3, 4-diphenyl-Zfuryl acetic acid was attempted unsuccessfully from 3, 4-diphenyl-Z-furoyl chloride by
means of the Arndt-Eistert reaction. In another attempt to prepare this acid, 3, 4diphenyl-Z-furfuraldehyde was condensed with rhodanine.
The rhodanine compound
was then cleaved with base to 3-(3,4-diphenyl-Z-furyl)-Z-thioketopropionic acid, m.p.
117.-118°. This thio-keto acid gave 3-(3,4-diphenyl-Z-furyl)-Z-oximinopropionic acid,
m.p. 144°-145• on reaction with hydroxylamine. The substituted propionic acid was
then treated with acetic anhydride in order to carry out simultaneous decarboxylation
and dehydration to form the nitrile. This step was not successful. The other isomeric
acid, 3, 4-diphenyl-5-methyl-Z-furoic acid was prepared by a Friedel-Crafts reaction
of 3, 4-diphenyl-Z-furoic acid and methyl chloride. A complete structure proof for this
compound was not made. Since so much difficulty was encountered in the synthesis of
these compounds, this method of attack was abandoned.
In a further study of abnormal nucleophilic displacements, a theory proposed by
Swain (Z) was utilized. By application of this theory, Swain has been able to determine
a relative numerical scale for nucleophilic activity of various reagents based on water
as zero. This scale correlates well for many reactions. However, hydroxide ion is
abnormally reactive with 13 -propiolactone, Attack by hydroxide ion takes place at the
carbonyl carbon while other nucleophilic reagents attack at the alkyl carbon of 13 propiolactone. The carbonyl carbon is an "unsaturated" reaction center while the alkyl
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carb on is a "saturate d " center, which may explain the abnormal reactivity note d. In
n ucl eophilic attack, the charge developed on the substrate is more dispersed in the case
of attack at an "unsa tu r a ted" center than at a "saturated" center. Attack b y a slightly
p olarizable ion suc h a s hydroxide is aide d more by charge dispersal in the sub str a te
than is attack by polari z able ions. Since the reactions on which the scale of n uc l eophili c activity was b a s e d were at "saturate d" centers, hydroxide ion appears to be abnormally reactive w hen reaction takes place at an unsaturated c e nter.
Since the five positions of the furan nucleus in furfuryl chloride may be considered to
b e an " unsaturated" c enter, hydroxide ion would be expected to be abnormally reactive
w ith fur fu r y l chloride if part or all of the reaction takes place in this position . S imila rly, the slightly p olari z able acetate ion would be expected to be abnorma lly r eac t ive
in such a ttack. Howeve r, a study of the kine tics of reaction of furfuryl chl oride with
wa te r , a c e tate, iodide , thi o sulfate, and hydrox ide ions did not show any abn or mal r e ac tivity of hydroxi de i on or acetate i on.
T h i s e vidence indicates that w ith fur furyl
c h l o r i d e , attack by h y droxide or acetate ion does not take place at the five pos iti on of
the fura n nucleus.
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INFECTION OF ONION BY BOTRYTIS SPP. 1
ORVILLE THOMAS PAGE 2
Department of Botany and Plant Pathology
An unusual spotting and blighting of the green leaves of red and yellow varieties of
the common bulb onion, Allium ~a L., was observed near Garner, Iowa, in 1951.
Similar disease symptoms were pr e valent on yellow and white globe onions grown on
the Holland-Bradford Marsh, Ontario, during 1952 and 1953. This foliage disease,
incited by Botrytis squamosa Walker, and hitherto unreported in commercial onion
fields of the United States and Canada, recently has been described on onions in England
and France .
In the pres.ent investigation the causal relationship of ~· squamosa with leaf spot
and blight symptoms was studied. Inoculation experiments were performed in the
greenhouse and in the laboratory. Onion leaves atomized with spore and mycelial suspensions of either ~· allii, ~· cinerea or~. squamosa and maintained under polyethylene bags in the greenhouse did not develop leaf spot. Leaf spot, similar to field symptoms was realized when onion leaves were atomized with inoculum of B. squamosa
and incubated under controlled conditions in the laboratory. Leaf spot sy;:,ptoms characteristic of naturally occurring lesions developed under conditions of free water on
the leaves, intermittent periods of relatively low temperature, and a period of light.
Botrytis leaf spot and wilt is proposed as a descriptive and inclusive name for disease symptoms incited by B otrytis spp. on the green leaves of onions. The term "blast"
would be retained for leaf spot and wilt symptoms of a physiogenic nature.
Damping-off of onion seedlings did not occur when onion seeds were germinated
under a subirrigated peat mulch contaminated with different sources of inocula of B .
.!!!!,i, ~· c~a, and~· squamosa. However, when quartz sand was directly contam~
inated with mycelium of either of three neck-rot fungi or B. cinerea, a relatively high
incidence of seedling damping-off occurred. Tip wilting rrl le~esulted when onion
plants were grown at any one of five different temperatures in quartz sand infested with
one of four Botrytis spp.
Tests of certain foliar sprays in the field control of Botrytis leaf spot was begun in
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1952 at the Holland-Bradford Marsh. This program was expanded and continued during
the 1953 growing season. A weekly spray schedule was followed both years and the
effectiveness of control obtained by the use of foliar sprays was evaluated by analyzing
yield data. Significant increases in yields of onions were obtained by applications of
Manzate, Parzate, or Vancide. Yields of onions in plots sprayed with Nu-Z, Nu-M,
or DDT were significantly lower than in fungicide treated plots.
The effect of certain environmental factors, especially light, on sporulation, spore
germination, mycelial growth and sclerotial formation by Botrytis squamosa were investigated.
Conidia produced in culture by isolates obtained from green onion leaves closely
resembled the conidia of isolates of~. squamosa from white onion bulbs. These conidia
did not germinate in distilled water in continuous light. A high percentage of germination occurred either in continuous darkness when the spores were suspended in distilled
water. or in continuous light or darkness when onion tissue was present in the aqueous
suspension.
Certain details of conidiophore development, particularly the accordion-like folds,
diagnostic of this B :>trytis species, are described. The production of conidia and other
growth habits of the organism on different media were determined prior to investigating
the effect of light on sporulation. Sporulation was most profuse when cultures of the
organism on lima bean agar were exposed to 21 hours of light, preceded or followed by
3 hours of darkness. Two isolates of B. allii were found to be nonsporulating in continuous darkness at the end of 72 hourS: while profuse sporulation occurred within the
same period in continuous light.
Microconidia were produced in abundance at the interface of contiguous mycelia of
certain isolates cultured together in single Petri dishes. Coiled hyphae of unknown
function were commonly associated with microconidia produced at a mycelial interface
between two colonies.
Mycelial growth of B. squamosa was inhibited by exposure to continuous illumination
under an incandescent iamp. The inhibition was proportional to the intensity of the light.
Inhibition of mycelial growth through a range of 75 foot candles of light intensity was
greater than inhibition induced by a range in temperature of 5 ° to 25 ° C or a 25-fold
increase in the level of d-glucose in the media. The thermal death point of the mycelium ranged from 38.5° to 39.5°C.
In culture, sclerotial morphology and frequency have been influenced by modifications in culture medium, incubation environment and by choice of the ·isolate of B.
squamosa used. The formation of concentric rings of sclerotia was induced by eith;r
alternate exposure to light and darkness, or alternate exposure to temperatures of 10°
and 25°C.

AN ACYLASE SYSTEM OF LACTOBACILLUS ARABINOSUS 1
ROBERT WORTH PARK2
Department of Chemistry
The breakdown of certain acylamino acids by enzyme preparations from Lactobacillus arabinosus was followed by assaying microbiologically for liberated amino acids.
In an experiment carried out at one enzyme concentration, a pH of 6. 0, an ionic strength
of • 02 and .152 millemolar L-substrate concentration, the observed extents of hydrolysis of the L-aubstrates were as follows: benzoyl-L-leucine, 58 per cent; chloroacetyl DL-leucine, 47 per cent; benzoyl-DL-methionine, 5. 5 per cent; benzoyl-DL-valine, l. 3
per cent; and benzoyl-DL-phenylalanine, l per cent. Under the preceding conditions,
carbobenzosyglycyl-L-leucine is almost completely hydrolyzed.
Acylase hydrolysis of the benzoylamino acids just mentioned and of carbobenzoxyglycyl-L-leucine was studied over the pH range 4. 5 to 7. 5 by use of a lyophilized enzyme preparation. The pH optima ranged from 5. 65 to 7 .1. No significant hydrolysis
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by the acylase system of L. arabinosus over the pH range of 4. 5-7. 5 and at rather
high enzyme concentratio-;_s was detected for the following compounds: benzoyl-Lglutamic acid, benzoyl-L-aspartic acid, benzoyl-L-histidine, benzoyl-L-arginine, nor
benzoyl-DL-threonine.
There was a close parallel between the rates of acylase hydrolysis and the, for the
most part, previously reported nutritional utilizations of acylamino acids by L. arabinosus. Therefore, it is believed the utilization observations are due to the -action or
Ii:Ck of action of an acylase system present in growing L. arabinosus.
The hydrolysis by a L. arabinosus acylase of benzoYi-L-leucine and carbobenzoylglycyl-L-leucine was inhibited by . 0001 molar isocaproate and by .1 molar D-phenylalanine. No significant inhibition of acylase action was observed with .1 molar D-leucine, .1 molar D-valine, . 01 molar 1-aminocyclobutane carboxylic acid, • 01 molar
5-cyclobutane spirohydantoin, l mcg. /ml. of penicillin G, 200 mcg. /ml. of bacitracin.
not 50 mcg. / ml. of aureomycin.
The new compounds, N-phenylacetyl-1-aminocyclobutane carboxylic acid and Nbenzoyl-1-aminocyclobutane carboxylic acid were prepared.
The activity ratios on benzoyl-L-leucine and carbobenzoxyglycyl-L-leucine for three
different enzyme preparations from L. arabinosus which possessed considerably different activity per unit of protein wa-;; about the same. In view of this and the rather
specific inhibition pattern for enzyme activity on the two named substrates, it seems
likely that only one enzyme from L. arabinosus is responsible for the observed hydrolysis of benzoyl-L-leucine and ca;bobenzoxyglycyl-L-leucine. Since this enzyme does
not break down benzoyl-DL-leucinamide, it probably is a carboxypeptidase.
Isocaproate failed to inhibit the growth of_!:.. arabinosus in synthetic medium when
leucine was furnished as L-leucine, but growth was inhibited when leucine was present
only as benzoyl-L-leucine. It is believed that these observations make improbable the
obligatory participation in protein synthesis of the L. arabinosus carboxypeptidase
which hydrolyze benzoyl-L-leudne and carbobenzoxygiYcyl-L-leucine.

DEVELOPMENT AND VALIDATION OF A
VETERINARY MEDICAL APTITUDE TEST 1
LOYAL C. PAYNE 2
Department of Veterinary Medicine
The ratio of the number of applicants to the number of students admitted into Veterinary Medicine has emphasized the importance of identifying the best qualified candidates for selection. The importance of such a selection has resulte.d in a careful examination of selection procedures.
The widespread use of aptitude testing for admittance to medical and other curricula
suggested the use of such a test as a means of helping the admissions committees of
Veterinary Medical schools with their selection. This study was initiated as a review
and evaluation of the factors used for predicting the success of students enrolled in
Veterinary Medicine and to develop an adequate aptitude test if such was so indicated.
The preliminary findings based on the records of 133 students enrolled in Veterinary
Medicine at Iowa State College showed that chemistry and zoology were the best predictors of all counses taken in the first two pre-professional years. The correlation
of the grade point average with chemistry was r = 0.47 and for zoology, r = 0.41.
The value of Form 20 of the Moss Aptitude Test for Medical Professions was determined by correlating the results of each sub-test with the grade point average obtained
by students enrolled in Veterinary Medicine. Sub-tests entitled "Understanding of
Printed Material" (r = 0.38) and "Comprehension and Retention" (r = 0.22) yielded the
highest correlations.
As a result of these preliminary findings, it was decided to devise an aptitude test
especially for Veterinary Medicine based upon material similar to the two sub-tests of
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the Moss Medical Aptitude test which gave the highest. correlations. Such a test was
constructed and revised according to standard psychometric procedures. The test is
entitled "Iowa Veterinary Medical Aptitude Test" and is composed of three sub-tests:
Achievement test, Aptitude Test I or Paragraph Comprehension, and Aptitude Test II
or Verbal Memory.
The current validation of this new test is based upon the cumulative grade point
average of 260 students enrolled in five different schools o{ Veterinary Medicine. The
test was taken by these students before enrolling in Veterinary Medicine, but the test
results were in no way used in the selection of the students.
Discriminant function weights were established for each sub-test and a table of
probability developed from these weights. This table predicts from the test results
the chances out of l 00 the student has of being in the upper quarter, the middle half or
the bottom quarter of the class.
The value of this table was determined by predicting the position of 77 students who
took the test, but whose results were not used Ui developing the probability table.
These results show the test to be much more accurate in predicting those students who
will fall in the lower quarter of the class than those who will be in the top quarter.
This is to be expected as the students applying for admission into Veterinary Medicine
are in a tightly restricted group to begin with.
Examination of other aptitude tests shows the Iowa State Veterinary Medical Aptitude
Test to do as good a job at predicting success within veterinary medicine, if not better,
than any other test yet devised.

USE OF INPUT-OUTPUT ANALYSIS IN ESTIMATING THE
INTERDEPENDENCE OF AGRICULTURE AND OTHER ECONOMIC SECTORS1
GUSTOF ADOLPH PETERSON 2
Department of Economics and Sociology
Input-output analysis was introduced by Wassily W. Leontief of Harvard University
in a study of the interdependence of industries of the economy. His mathematical technique was used in this study to estimate the interdependence of agriculture and other
economic sectors. Production coefficients were estimated and used to make an economic analysis of the effects of changes in demand and changes in the levels of net outputs. The objectives of the study were: 1. To formulate a mathematical model of
input-output analysis of agriculture and other sectors of the economy. 2. To determine
the adaptability of input-output analysis to agricultural production research directed at
obtaining information on the interdependence between agriculture and the rest of the
economy. 3. To provide an empirical illustration of the use of input-output analysis
by estimating the parameters from statistics of agriculture and other sectors of the
economy. 4. To analyze an empirical solution of an input-output model to obtain inform~tion on the interdependence of agriculture and other sectors of the economy.
5.
To observe changes in input-output relations over time by use of input- output analysis.
6. To propose additional areas of production research where input-output analysis may
be used in seeking solutions to economic problems.
The model of input-output analysis is a system of linear equations describing the
flows of resources among the economic sectors·

1,2,---n)

(1.1)

where Xi is the net output of the i-th sector; aij is the quantity of product of the i-th
sector used by the j-th sector per unit of its net output; Xj is the net output of the j-th
sector; Yi is the quantity of the i-th product included in the final bill of goods; and n is
the number of sectors.
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The solution of the above system of equations provides the coefficients describing
the interdependence between the final bill of goods and the levels of net output of the
sectors.
l.

L" · l j
j = i

Yj

(1

1,2,-----n )

(1.2)

where Aij is the quantity of net output of the i-th sector due toy units of the j-th product included in the final bill of goods; Yj is the quantity of the j-th product in the final
bill of goods; Xi is the level of net output of the i-th sector ; and n is the number of
sectors.
Data were collected from secondary sources and aggregated into five sectors of the
United States economy: primary agricultural production, secondary agricultural production, industry and services, foreign trade, and government. Economic models were
constructed from the data for 1949, 1939, and 1929.
An analysis was made of the effects of changes in the final bill of goods upon the
flows of resources among the five economic sectors. The interdependence coefficients
prov ide the basis for this analysis.
An analysis was made of the effects of changes in the net output of a sector upon the
flows of resources among the sectors of the economy. The technical production coefficients provide the basis for this analysis.
Future changes . in consumers' demand and levels of net outputs were assumed, and
resource requirements of the sectors of the economy to accomplish these changes were
estimated from the results of the study.
Primary agricultural production was dependent upon secondary agricultural production and industry and services. In 1949, a one dollar's worth of increase in the direct
demand for primary agricultural products required a . 06 and . 42 dollar's worth of incr e ase in secondary agricultural production and industry and services prcxiuction, respectively.
Secondary agricultural production was dependent upon primary agricultural production and industry and services. In 1949, a one dollar's worth of increase in the direct
demand for secondary agricultural products required a . 70 and .44 dollar's worth of
incr e ase in primary agricultural production and industry and services production, respectively.
The interdependence of industry and services and agriculture indicates the effects
of change s in derived demand for agricultural production. In 1949, a one dollar's worth
of increase in the direct demand for industry and services products necessitated .10
and . 08 dollar's worth of increase in primary and secondary agricultural production,
respectively.
A 30 per cent increase in the net output of primary agricultural production in 1949
necessitated a 1.18 per cent increase in net output of secondary agricultural production,
1 . 02 per cent increase in net output of industry and services, and a .42 per cent increase in government services. A 38 per cent increase in the net output of secondary
agricultural production in 1949 necessitated a 20 .1 per cent increase in net output of
primary agricultural production, a . 45 per cent increase in net output of industry and
services, and a . 03 per cent increase in government services.
Input-output analysis of the economy for a number of consecutive years would furnish information on changes in structural relations caused by technological change or
changing price relationships. This information would assist the scientist in predicting
results of policies and determining policies to achieve ends in view .

ABSTRACTS OF DOCTORAL THESES, 1953-54

479

HISTOLOGICAL AND CYTOLOGICAL CHANGES IN
THE MAIZE EMBRYO DURING GERMINA TION1
WARREN EUGENE PICKLUM2
Department of Botany and Plant Pathology
The present investigation was undertaken to provide information on the histological
and cytological changes which occur during germination of the corn kernel. The inbred
and hybrid lines Os420, Os426, L289, 1205, Os420 x Os426, L289 x 1205, and the doublecross (Os420 x Os426} x (L289 x 1205) were the lines studied. The use of inbreds, hybrids and the commercial double-cross was believed to provide material which would
allow comparison of lines with different levels of vigor and would also permit detection
of any consistent differences in mode of growth between the inbreds and their hybrids.
The kernels were germinated in wet sphagnum at 30° + l 0C. Collections were made at
three hour intervals during early germination and af six and twelve hour intervals during later stages.
The imbibition of water into the dry kernel occurs principally through the pericarp,
although,eart of the water enters the kernal through the spongy tissue of the broken
pedicel. Openings are present in the cuticle over spaces between epidermal cells of
the lower end of the coleorhiza. It is not known whether more rapid entrance of water
is permitted through these pores.
The first external evidence of germination is the protrusion of the coleorhiza through
the pericarp . The rupture of the pericarp is caused by the rapid elongation of cells of
the coleorhiza, thereby causing sufficient pressure to be exerted to rupture the fruit
coat at the base of the kernel.
A mechanical separation of the root cap from the tissue inside the tip of the coleorhiza occurs as a result of elongation of the coleorhiza before growth in length begins
in the radicle.
The first mitotic divisions occur in the radicle approximately twenty-four hours
after the beginning of imbibition. The first mitoses occur midway in the radicle and
progress toward the root histogens. Soon thereafter, divisions occur in the first internode and progress upward throughout the plumule. Re-initiation of mitotic activity
throughout the embryo requires six to eight hours after the first mitosis occurs in the
radicle.
Early growth of the seedling involves the rapid growth of the primary and seminal
roots and the erection of the plumule during the first thirty-six hours of germination;
the most rapid growth of the coleoptile and leaves occurs from this time. Five leaves
are present in the mature seed of all lines used, except one; only four foliage leaves
are present in the inbred line 1205. The first post-embryonic leaves are initiated at
approximately sixty-hour intervals under the conditions of germination used.
During the first four days of growth, elongation of the first internode occurs, the
first leaves become evident and an extensive primary and seminal root system is produced. During this time, most of the cells and tissues that were present in the mature
kernel have become differentiated; further growth of the corn plant occurs through the
prodw:tion of new tissues by the me ristems.
No mitotic activity occurs in the scutellum during germination; all cells and tissues
present were produced before maturation of the kernel. Differentiation of the procambium strands in the scutellum occurs during germination. The median bundle and
the larger branches are amphivasal in structure, and are comprised of scalariform
tracheids, sieve tubes and parenchyma. Smaller ramifications of the vascular system
are numerous in the upper part of the scutellum, but are less extensive in the lower
part. No xylary elements are present in the vascular branches of the lower part of the
scutellum.
The epithelial layer of the scutellum· is composed of elongated cells which vary
greatly in length from place to place in the epithelium. Much irregularity in surface
contour is present; the deeper infoldings which have been called 'glands' are believed
to be the result of uneven growth during the formation of the scutellum.
The bulk of the tissue of the scutellum is composed of irregularly ovoidparenchyma
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cells that are similar in structure throughout the organ. Large simple pits occupy
most of the contact area between cells. The nuclei of many of the parenchyma cells
become deeply lobed during germination; occasional amitotic divisions occur by separation of one or more of the lobes.
The sequence of organ formation and tissue differentiation is similar in the embryos
of inbreds and the hybrids used. Consistent differences in the inbreds and their hybrids
which could be measured is limited to relative leaf number and the presence or absence
of the anterior seminal root at any given time during germination. Differences in the
degree of development of leaves and seminal roots, size differences in certain tissue
systems, and differences in the degree of differentiation of cellular elements were
evident in the embryos of inbreds and their hybrids. Some of these differences could
be measured and treated statistically; other criteria, such as the degree of differentiation of tissues, are observable visually, but probably cannot be evaluated quantitatively.
It is believed that an evaluation of comparative growth of inbreds and their hybrids
as to rate of development and differentiation of organs and tissues can be made by histological study. By use of a relatively vigorous inbred and a weak inbred, such as the
inbreds Os420 and 1205, respectively, and their hybrid, a critical evaluation of the inheritance of certain characteristics should be possible. Such evaluation would augment
information obtained previously by the use of dry weights of developing corn kernels
and excised embryos.

THE KINETICS OF THE REDUCTION OF PERCHLORATE
ION IN DILUTE SOLUTIONS1
PAUL R. QUINNEY 2
Department of Chemistry
The reduction of perchlorate ion by Ti(III) in dilute solutions appears to proceed by
several paths. •The reaction has both H+ dependent and H+ independent paths. The
addition of Cl- retards the rate considerably at concentrations below 2M. This appears
to be due to the formation of complexes of Ti(III) and Cl - . At higher concentrations
the reaction rate is independent of Cl-. The rate of reaction is also first order in
Ti( III) and C 10• - •
The rate of disappearance of Ti(III) in dilute perchlorate solution may be written,

df""TT1+3J
-

= k1L'fi +~LC°l04.:7 + k2L'f1Cl +7LC1047

dt

+ k 3tf1+~LC104.:7f""H+_7 + k~1c1+~LC104.:7f""H+_7.
By taking into account only the first chloride complex of Ti(III), i.e., TiCl ++, this
rate equation can be written,

=

k1 • k2K1LC1:7 + k3Lif.:!7 + k4K 1~1.:7LR~
l • K1LC1.:7

where,

tr1c1•~

1Doctoral thesis no. 1504, submitted January 22, 1954. Chairman of C0111111ittee,
Frederick R. Duke, Department of Chemistry.
2 B.s., University of New Hampshire, Durhrun, N.H., 1949. K.s., Ibid., 1951.
Research Assistant, Institute for Atomic Research.
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This is the rate expression found from experiment.
The rate constants were determined at two temperatures and the activation energies
and entropies were calculated.
The reaction is thought to proceed through the formation of a coordinated complex,
the disproportionation of which is the rate determining step. The following equations
have been proposed to explain the kinetics of the reaction.

T1.f 3

.. c104 -

T1 4 3 • H4 + c104 T1Cl 44

•

c104 -

T1c1•• • tt• + c104-

--

[.CornpleiJ

-

[.CompleiJ

~

[.Comp lei}

~

-

-

c103

.. T10

44 ,

c103 • T1(0H)+3,
c103 • TiO.,.(or
T10Cl 4 ) •Cl-,

[.CompleiJ ____. c103 • T1(0H)+3
(or T10HCl H) • Cl-.

The radical Cl03 reacts further in a series of rapid one electron transfer reactions to
the final products, Cl - •

THE INCORPORATION OF CARBONI• INTO LEAF AMINO ACIDS AND PROTEIN1
DAVID W. RACUSEN2
Department of Botany and Plant Pathology
With the aid of carbon-14, various studies on amino acid and protein metabolism
have been carried out .
It was found that excision of soybean leaves resulted in a decreased uptake of labeled
amino acids to form protein. By increasing the time between excision and exposure to
CH0 2 , a more or less graded series of the ratio, amino acid-Cl• to protein-Cl•, could
be obtained. In a series of experiments; one, four, eight, and twenty hours, excised
leaves appeared to preferentially incorporate free glutamate-CH into protein glutamatec1•. This led to the conclusion that there was either a selectivity in protein turnover,
or a net synthesis of glutamate-rich protein. An attempt was made to determine which
mechanism was correct by the isolation of individual leaf proteins via paper electrophoresis.
A tobacco leaf, excised for 8 days, incorporated amino acid-Cl• into protein at approximately two-thirds of the rate shown by an attached leaf. In this case, there was
no preferential incorporation of glutamate-CH. However, there was some indication
that aspartate-CH was preferentially incorporated in the attached leaf.
A leaf punch technique was used to obtain a statistically valid picture of amino acid
turnover during photosynthesis in c 1•02 • The results indicated that both alanine and
serine are rapidly turning over. However, glycine accounts for the major activity in
protein following a 16 minute exposure to CH0 2 •
In order to study the metabolism of leaf glycine during photosynthesis, glycine-2-Cl•
was fed to a tobacco leaf for 4 hours. It was found that the methylene carbon is an effective precursor of leucine and phenylalanine as well as the nonessential acids; aspartate, glutamate, serine, and alanine. However, the similar administration of methylamine-CH (hydrochloride) did not result in the labeling of any identifiable metabolite .
The phenylalanine-Cl•, isolated from excised tobacco and soybean leaves, which had
photosynthesi~ed for one hour in CH02 , was degraded. The results indicated that the
synthesis of the aromatic ring occurred in the leaf.

1Doctoral thesis no. 1455, submitted August 11, 1953. Chairman of Committee,
2 S. Aronoff, Department of Botany and Plant Pathology.
B.s., Hob~rt College, Geneva, New York, 1949. Graduate Assistant, Institute tor
AtOllic Research.
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A study was made of the amino acid and protein radioactivity formed in the dark by
exposure of a soybean leaf to Cl40 2 for 20 hours. It was concluded that:
1. Protein synthesis or turnover occurred in the dark.
2. The branched chain and aromatic amino acids were not formed via dark fixation.
3. The ratios of activity in protein amino acids to free amino acids in the dark were
different from those in the light.
4. The highest level of activity was found in arginine. Seventy-five per cent of this
activity was in the guanida group. These facts pointed to an active "Ornithine
Cycle" operating in leaves.
The preparation and properties of a homogeneous leaf-cell suspension were demonstrated. The results indicated the protein incorporating system of the leaf to be more
labile than the photo-synthetic system.
Amino acid and protein synthesis in young leaves was studied. The results showed
that expanding soybean leaves produced certain essential amino acids from c 1•02 more
rapidly than did mature leaves. The leucine thus formed was degraded and showed an
essentially uniform distribution of C 14 .

CATTLE GRUB CONTROL IN IOW.A 1
EARLE S. RA UN2
Department of Zoology and Entomology
The work described in this paper was carried out in two parts, each with its own
distinct goal:
1 . .Are there increased rates of weight gain in feeder calves following the use of
rotenone-bearing grub control sprays?
2. Will the daily application of synergized pyrethrins reduce grub infestations of
native cattle in Iowa?
The first of these problems was attacked by treating calves monthly during the winter cattle grub months, weighing the calves individually, and comparing the weights of
treated animals with those of similar untreated animals. When given a statistical treatment, the data showed that there was no significant difference between the weight gains
of the treated and untreated animals.
The second problem was approached through the use of automatic treadle sprayers.
A repellent solution containing 10 per cent piperonyl butoxide and 1 per cent pyrethrins
was applied to herds of native cows and their calves. The two herds used were of the
angus breed: Each herd was divided into two portions, one to use the sprayer and the
other to be left untreated as a check group of animals. One of the groups to be treated
used the automatic sprayer in the entrance to the salt corral in the pasture. The other
sprayer was installed in the gate between a very good brome-alfalfa pasture and a poor
bluegrass pasture in which the water source was located. Grubs becoming encysted in
the backs of calves in the treated and untreated herds were counted, and some were
removed for species determinations. These grub counts showed that the common cattle
grub, Hypoderma lineatum, was reduced between 85 and 100 per cent in the calves
from the herd using the sprayer set between the two pastures. In the same herd, H.
bovis, the northern cattle grub, was not controlled. There was an overall reduction
in grubs of 4 7 .4 per cent. It appears that the difference in the effectiveness of the
sprays against these two species of flies lies in the oviposition habits of the females.
H. lineatum must spend considerable time on an animal while ovipositing, giving the
spray a good opportunity to take effect, while.!:!· bovis, using a bombing technique while
laying eggs, is not affected by the repellency.
There was no difference between the grub counts made on the untreated animals and
the calves from the herd using the sprayer placed in the entrance to the salt corral. It
was determined that this was apparently due to the failure of the calves to go to salt
since they receive their minerals through their mothers' milk at that age.
1 Doctoral thesis no. 1535, submitted May 28, 1954. Chairman of Committee, H.M, l'.arris,
Department of Zoology and Entomology.
2B.s., Iowa State College, Ames, Iowa, 1946. M.s., Ibid., 1950. Associate,
Agricultural Extension Service.
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STUDIES IN THE OXINDOLE SERIES 1
THEODORE LESLIE REID 2
Department of Chemistry
In two instances of the reported 0-alkylation of simple oxindoles, the compounds
were shown by infrared and ultraviolet spectrographic analyses to be C-alkylated oxindoles. The compound reported as l -methyl-2-( 13 -dimethylaminoethoxy )-indole ( l ), obtained from the reaction of 1-methyloxindole with 13 -dimethylaminoethyl chloride in the
presence of sodamide, was shown to have the characteristic oxindole carbonyl absorption band in the infrared spectrum, and had all the characteristics of a simple oxindole
in the ultraviolet spectrum. This compound was therefore formulated as l-methyl-3( ~ -dimethylaminoethyl)-oxindole. Similarly the compound reported as 2, 3-dihydro-8methylfuro ~. 3-b) -indole (2), formed by an intramolecular 0-alkylation, was shown
t~ he l-methyl-3, 3-dimethyleneoxindole resulting from an intramolecular C-alkylation.
The reported 0-alkylation of 3-isopropyloxindole, via the reaction of its silver salt
with methyl iodide (3), was shown to be incorrect due to faulty interpretation of the
structure of the starting material which was apparently isovaleranilide rather than 3isopropyloxindole, in which case the product obtained would be an 0-alkylated anilide
rather than an 0-alkylated oxindole .
The product obtained by reacting the sodium salt of l-methyl-3-hydroxymethyleneoxindole with methyl iodide, which was reported to be formed by an 0-alkylation of this
13-dicarbonyl system involving the carbonyl of the amide linkage (4), was shown, by a
consideration of the infrared and u~traviolet spectra of the alkylation product and its
catalytic reduction product, to have been formed by an 0-alkylation involving the hydroxymethylene function. Therefore, the alkylation product is now formulated as lmethyl-3-methoxymethyleneoxindole, and the reduction product from it as l-methyl-3methoxymethyloxindole. Chemically, these formulations were confirmed by the ozonization of the alkylation product which yielded 1-methylisatin.
A common degradation product of several oxindole alkaloids (5, 6, 7 )with the empirical formula C10H90N was shown by analogy with l-methyl-3,3-dimethyleneoxindole,
both as to its formation and infrared and ultraviolet spectra, and by comparison with
an authentic sample, to be 3, 3-dimethyleneoxindole.
In connection with the development of a general synthesis of oxindoles involving the
reduction of the corresponding dioxindoles, 3-isopropyldioxindole and 3-ethynyldioxindole were synthesized by the reaction if isatin with the appropriate organometallic
compounds. However, catalytic reductive methods attempted to obtain the oxindoles
were unsuccessful.
The formulations of the structure of the product resulting from the reaction of lmethyl-3-hydroxymethyleneoxindole with sodium acetate in acetic anhydride (8, 9)were
shown to be incorrect by analyses and by a consideration of the catalytic reduction of
this compound which yielded 3-methylene-bis-(l-methyloxindole). However, no new
structural assignment was made.
A study of the reaction of diazomethane with l-methyl-3-hydroxymethyleneoxindole
indicated that 0-alkylation at either of the possible sites could occur depending on the
solvent used, so that using ether as the solvent, l-methyl-2-methoxy-3-formylindole
was formed while l-methyl-3-methoxymethyleneoxindole resulted from the reaction
using methanol as the solvent.
A general method for the 3-monoalkylation of 1-alkyloxindoles was developed. This
process involves prior formation of the anion of the oxindole from the reaction of the
oxindole with an equivalent amount of sodium hydride in benzene, followed by reaction
with the appropriate alkyl halide. Using this method, 1,3-dimethyloxindole, 1-methyl3-(13-bromoethyl)-oxindole and 1-methyl-3-( 13-dimethylaminoethyl)-oxindole were synthesized.
A proposed general synthesis of 0-alkylated oxindoles, involving the reaction of 2haloindoles with appropriate anions, necessitated the development of a general synthesis of 2-haloindoles. However, the reaction of 1-methyloxindole with thionyl chloride
yielded a highly colored, apparently dimeric product rather than l-m·e thyl-2-chloro1Doctoral thesis no. 1561, submitted June 7, 1954. Chairman of Committee, Ernest
2Wenkert, Department of Chemistry.
B.Sc., University of Alberta, Canada, 1946. Graduate Assistant, Industrial Science
Research Institute.
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indole, while the reaction of 3-isopropyloxindole with phosphorus pentachloride resulted
in chlorination in the 3-position to yield 3-chloro-3-isopropyloxindole.
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PRESENT STATUS AND OPINIONS OF GRADUATES GRANTED
BACHELOR OF SCIENCE DEGREES SINCE 1932
IN AGRICULTURE CURRICULA AT IOWA STATE COLLEGE 1
MARK B. RHEA 2
Department of Vocational Education
One of the major objectives of Iowa State College is to provide the education necessary for leadership in the agricultural industry. The major emphasis in this respect
occurs in the Division of Agriculture. During the 21-year period ending with the 19511952 school year, 4, 439 students in the division of agriculture were granted baccalaureate degrees. Of these graduates, 65 completed curricula which since have been
discontinued. These graduates were not included in the study. There were an additional
239 graduates of the industrial education curriculum who were not included in the study
because of the remote connection of this curriculum to agriculture. Included in the
study were 348 graduates of the agricultural engineering curriculum jointly administered by the Division of Engineering and the Division of Agriculture. Thus there were
4, 483 graduates of thirteen curricula for whom a follow-up study was designed.
A questionnaire was prepared and sent to these graduates. In all, 4, 199 questionnaires were deliverable and 3, 593 usable returns were received. Approximately three
in every four · graduates were reside nts of Iowa at the time they first entered college.
Farm-reared boys constituted 62 per cent of the graduates with one in every four
returning to the farm directly after graduation. The proportion of farm-reared graduates varied from a low of 24 per cent in forestry to a high of 86 per cent in agricultural
education.
Of the 3, 593 graduates, 1, 165 persons, approximately one in every three, entered
the Division of Agriculture after previous college work elsewhere. Approximately one
in every five graduates transferred to an agricultural curriculum from some other division at Iowa State College.
The majority of the graduates had their college education interrupted by work or
military service, or both. Of these individuals graduating since 194 7, two in every
three had their education interrupted by military service. Prior to this time military
interruptions were few in number, but approximately one-half reported work interruptions during their college careers.
There were 392 graduates who later received one or more earned graduate degrees,
usually the maste r of science or doctor of philosophy degree. Of this number, 71 individuals had been granted the doctor of philosophy d eg r ee . This degree had not been
r eceive d at the time of this study by any graduate of the last three years of the 21-year
period. Because the graduates of these three years constitute about one-third of the
total group and because the graduates have had insufficient time for obtaining this
1 Doctoral

thesis no. 1429 , submitted July 3, 1953. Chai rman of Committee, James E.
l'lert, Department of Vocational Education.
2B. s., Iowa St ate College , Ames, Im•a, 1941. M.s., Ibid ., 1947.
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degree, the 71 of the 3, 593 graduates who have obtained the doctorate is an underestimate of the proportion who will eventually receive this degree.
At the time of this study, 470 graduates, or 13 per cent, listed their present occupation as education, not including extension service. Of these 470 graduates, 179 individuals were teaching vocational agriculture in high school. 16 others were teaching
veterans classes in agriculture; and the remaining 152 graduates, with few exceptions,
were college staff members engaged in teaching or research, or both.
Graduates engaged in extension serVices were classified separately from other educational workers and numbered 175, or 5 per cent of all graduates. Of these 175 graduates, county extension directors numbering 76 persons were followed by state extension service numbering 65 persons with county youth assistants and assistant county
directors accounting for 33 persons. One graduate was employed in federal extension
service.
There were 470 graduates, or 13 per cent, in government service, one-third of
whom were in the United States forest service. This large number in forest service
was not unexpected since the forestry curriculum, among the thirteen considered in
this study, accounted for more graduates than any other curriculum, except animal
husbandry.
In 1952 there were 702 graduates, or approximately 20 per cent, who were engaged
in farming. It has been previously noted that 62 per cent of the graduates had been
farm-reared. This migratory effect of a college education in agriculture should not
be viewed as unfortunate. The agricultural economy of this country would soon be
bankrupt if all farm-reared boys were forced to return to farming. The demands for
personnel in the agricultural industry, other than farming, have been so acute that
agricultural colleges have recognized that maximum service to agriculture cannot be
attained without stressing the opportunities for farm-reared youth in occupations other
than farming in the total agricultural industry.
In 1952, enterprises other than farming provided occupational outlets for 1, 296
graduates of whom 968 were in commercial agricultural enterprises, 123 in commercial nonagricultural enterprises and 205 in small business ventures.
The foregoing classifications of 1952 occupations account for all except 480 graduates who have been placed in a group designated as others. More than half (267) of
these were in military service at the time of this study. An additional 88 individuals
were continuing education as graduate students. The remaining graduates were employed in nonprofit organizations, miscellaneous farm and nonfarm services and a
small additional number in a variety of occupations which occurred so infrequently that
further classification was impractical.
In addition to the 1952 occupations, the occupations immediately upon graduation
were obtained. Several shifts between first and present occupation were clearly evident even though many persons were recent graduates. Perhaps the most striking of
these shifts was noted in the number engaged in farming. Of the 3, 593 graduates, 483
individuals returned to the farm directly upon graduation whereas 702 graduates were
farming in 1952. This migration tendency may have resulted from inadequate capital
for immediate entrance into farming. It is probable that many of the 219 graduates
were delayed from entering farming until sufficient capital could be accumulated although no evidence was collected to support this contention.
A similar shift was noted among graduates who were engaged in small business. On
the other hand, certain initial occupations seemed to serve as stepping stones to later
occupations. In this respect the migration from education, extension and government
service was particularly noticeable.
One method of evaluating the effectiveness of a college education consists of recording the earned income of graduates. Although such evaluation may leave much to be desired, it constitutes one facet of tangible evidence. Of the 3, 593 graduates who returned questionnaires, 3, 115 individuals furnished income information. Graduates were
asked to distinguish between income from major job and income from other sources
such as investments, inheritance and other minor sources. Only the income from
major job was analyzed. The total income for the 3, 115 graduates .;,,as ,$'16,413, 000
for 1952, with a mean of ,$'5269 and a median of $4586.
More than one-half of the 3, 593 graduates received the bachelor of science degree
since World War II. Many of the recent graduates were in graduate school at the time
the data were collected. Of the 3, 115 graduates reporting 1952 income, 111 individuals
earned less than,$'2500 which in many cases represented income from fellowships and
part time teaching assignments accompanying further education toward advanced degrees.
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For the remaining 3, 004 graduates the mean income was ,$5415 and the median income
was ,$4800 in 1952. The mean income must be interpreted in the light of the disproportionate number of graduates since World War II who were in the process of occupational
estab~ishment in 1952.
When the mean income was plotted by year of graduation, an upward trend in income
was apparent depending upon the number of years since . graduation. The equation for
the straight line trend, found by the method of least square, was Y = ,$202. 5907 +
,$3582 .46, where Y is the predicted mean income and X is the number of years since
graduation. This linear equation tended to yield an overestimate for recent and early
graduates and to yield an underestimate for graduates of the middle years of the 21year period.
A quadratic was assumed to be a more realistic equation. The equation,
Y = -4.8353X2 + 298.2733X + 3300.55, was obtained by the method of least squares.
When this equation was solved the mean annual income increments were unequal, varying from,$284 between the first and second years to ,$100 between the twentieth and
twenty-first years. This equation suggests that the mean annual income will reach a
maximum of $7900 at 30 years and 10 'm onths after graduation.
Graduates with master's degrees received ,$400 greater annual income than those
without such degrees. Graduates holding the doctorate received an additional $800
annual income. The ultimate earning power of individuals with advanced degrees probably would be larger if information could be assembled for each individual when he had
reached his peak income.
Among thirteen occupations, b.eginning income, based upon 1952 standards, was
highest (,$'4750) for graduates engaged in small business enterprises and lowest (,$'3297)
for those engaged in research work. Twenty years after graduation, the highest income
($9558) can be expected in industrial management and the lowest (,$'4781) in teaching
vocational agriculture.
Responses to the items included in the questionnaire clearly revealed that the graduates in agriculture at Iowa State College have received the education needed for leadership in the agricultural industry.

MOVEMENTS OF SOIL MOISTURE UNDER A THERMAL GRADIENT 1
RALPH L. ROLLINS 2
Departments of Civil Engineering and of Agronomy
A number of investigators have shown that moisture movement in soil occurs on the
application of a thermal gradient. A review of pertinent references on this subject
shows that there is considerable disagreement, not only as to the nature of the mechanism responsible for this movement, but also as to the amount and relative importance
of such a movement.
In this thesis an analysis of the movement of moisture under a thermal gradient is
made for a closed system. This analysis shows that any movement of moisture in the
liquid state from the warm to the cold side eventually ceases. It is further shown that
with respect to vapor flow, it is impossible to get an equilibrium state without a cyclic
transfer of mass. That is, moisture moving from the warm side toward the cold side
in the vapor state is returned to the warm side in the liquid state when a sufficient
capillary potential gradient is developed in that direction.
At moisture contents below the field capacity a number of investigators have shown
that capillary movement is a very slow process. By providing an external path between
the warm and cold ends, whose resistance to flow is considerably less than the resistance of the capillary flow in the soil, a quantitative measurement of vapor flow during
steady state conditions can be obtained for moisture contents between field capacity and
that corresponding to a tension of one atmosphere. An apparatus based on these principles is developed and described in this thesis.

1Doctoral thesis no. 1565, submitted June 8, 1953 0 Chairmen of Committee, Me A.
2Spangler, Department of Civil Engineering, and Don Kirkham, Department of Agronomy.
B.s., Utah State College, Logan, Utah, 1941. M.s., Ibid., 1948. Assistant P?-ofessor.
Coopernt or, Engineering Experiment Station.
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In the closed system, which has been subjected to a thermal gradient, the moisture
accumulation in the cold end includes accumulation resulting from both liquid and vapor
movements. In a closed system where vapor is allowed to circulate, no accumulation
due to vapor movement can occur. Thus, if the moisture distributions for the noncirculating system are compared with those for the circulating system, some indication of
the relative importance of vapor movement versus liquid movement should be obtainable.
A loess soil from western Iowa with a textural classification of a silty clay was used
in these experiments. Comparisons of moisture distributions for circulating and noncirculating systems were made for per cent air-filled voids varying from about 50 to 8
per cent. In all cases these comparisons showed that in noncirculating systems moisture accumulated in the c old side and that in circulating systems essentially no accumulation occurred.
Flow rates were determined for temperature differences of 0°-10°C; 0°-Z0°C,
o· -30°C, and o· -40°C for a number of different values of per cent air-filled voids.
These results show that the flow rate is not a linear function of the temperature difference. They further show that the rate of change of the flow rate with respect to the
temperature difference decreases sharply with a reduction of the p e r cent of air-filled
voids.
A plot of flow rate versus the per cent of air-filled voids was determined for the
temperature differences stated above. The flow rate appears to be a linear function
of the per cent of air -filled voids.
A formula based on molecular diffusion is presented for the estimation of flow,
assuming a molecular diffusion process. Values of the flow rate are computed using
diffusion coefficients and a structure factor taken from the references on this subject.
Measured values were found to be several times as large as values computed on the
basis of pure molecular diffusion . The reason for the disagreement between computed
and measured results cannot be ascertained from the data at hand.
Regardless of the difference between computed and measured val ues of the flow rate
it is believed that the experimental results obtained lend support to the belief that the
predominant mechanism of moisture migration under a thermal gradient is associated
with vapor movement. It should be pointed out, however, that the soil used here w as a
silty clay, and that more experiments should be carried out with heavy clays to establish completely the validity of the above statement.

HERIDITARY ASPECTS OF GYNANDROMORPH OCCURRENCE
IN HONEY BEES (APIS MELLIFERA L. )1
WALTER C. ROTHENBUHLER 2
Departments of Genetics and of Zoology and Entomology
Bees that are some combination of male and female tissue s (called sex mosaics or
gynandromorphs) were found in considerable numbers in one of the Iowa State College
honey-bee colonies on September 2, 1948. Genetic studies using eye-color mutations
as marker genes established, with very few exceptions, that chromosomes of male
parts of the gynandromorphs were derived from the male parent, whereas chromosomes of female parts were derived from both parents. Apparently the male parts
result from survival of one or more accessory sperms which enter the egg and undergo cleavage. The female parts presumably result from cleavage of the zygote. Previously it had been shown that accessory sperms normally enter the egg of the honey
bee, and it has been assumed that such sperms invariably degenerate.
The tendency to produce gynandromorphs now has been investigated to determine
whether it has a hereditary basis and, if so, whether this basis is in th~ chromosomes,
in the cytoplasm, or partly in each. Three types of matings were made: (1) females
(qu~ens) of the gynandromorph-producing stock by males (drones) of the gynandromorph1Doctoral thesis no. 1555, submitted June 4, 1954.

B.s., Iowa State College, Ames, Iowa, 1950.
Associate, Agri cultural Experiment Station.

Chairmen of Cormdttee, 0.1~. Park,
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producing stock, (2) females of the gynandromorph-producing stock by males of nongynandromorph-producing stock followed by backcrossing female progeny to males of
the paternal stock, and (3) reciprocal of (2).
In the first type of mating, 58 females of gynandromorph-producing stock were
artificially inseminated with semen from males of gynandromorph-producing stock.
Twenty-nine queens produced one or more gynandromorphs. Selection and inbreeding
for four generations increased the percentage of queens which produce gynandromorphs.
Occurrence of gynandromorphs, consequently, seems to have a hereditary basis.
In the second type of mating, 53 females of the gynandromorph-producing line (or
partly from the gynandromorph-producing line) were outcrossed to drones of nongynandromorph-producing lines. Twenty-four of these queens produced gynandromorphs.
Approximately the same percentage of these matings produced gynandromorphs as in
the system wherein both females and males were from gynandromorph-producing stock.
Daughters of the outcross were backcrossed to drones of non-gynandromorph-producing stock. Some of the first backcross matings produced gynandromorphs. Some
matings in the second backcross (daughters of the first backcross mated to drones of
non-gynandromorph-producing stock) .produced gynandromorphs. No gynandromorphs
were observed in the progress of 18 third-backcross queens, thus indicating a loss of
the tendency for gynandromorph production brought about by this type of mating. The
tendency to produce gynandromorphs, therefore, must be dependent, at least in part,
on genetic components in the chromosomes.
In the third type of mating, females of non-gynandromorph-producing lines were
mated to drones of the gynandromorph-producing line. No gynandromorphs were observed in the progenies of 29 such outcrossed queens. The difference ingynandromorph
production by reciprocal outcrosses (in the second and third types of matings) establishes that gynandromorph production is regulated by the cytoplasm, but it does not
establish that there are hereditary components in the cytoplasm which complement
those in the chromosomes. Perhaps there is only a chromosomal conditioning of the
cytoplasm which then leads to gynandromorph production. If there are no cytoplasmic
components in the inheritance system, backcrossing daughters of the third type of mating to drones of the gynandromorph-producing line should invariably lead toward gynandromorph production. Second and third backcrosses might be expected to establish it.
Such backcrosses were made in two different experiments, only one of which is considered here, but the data are not sufficiently extensive to permit sound conclusions.
No gynandromorphs were observed in the progenies of 13 first-backcross queens. A
few gynandromorphs were produced by three of twelve queens in the second backcross.
Two of three third-backcross queens have produced one gynandromorph each. By comparison this is very low production of gynandromorphs, but it would seem to indicate
that gynandromorph production may have been introduced into a non-gynandromorphproducing line by simply replacing the chromosomes of a non-gynandromorph-producing
line with those from the gynandromorph-producing line, or in other words, by mating
queens of the former to drones of the latter.
Results of the investigations described indicate that occurrence of gynandromorphic
honey bees is due to inherited factors, and that these factors are located, at least in
part, in the chromosomes. Although reciprocal crosses of gynandromorph-producing
stock do not behave alike in gynandromorph production, there is as yet no evidence for
either autonomous or chromosome dependent cytoplasmic factors in the inheritance of
gynandromorph production.
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INHERITANCE OF RESISTANCE IN CORN TO THE EUROPEAN
CORN BORER AND TO DIPLODIA STALK ROT 1
DAVID D. RUBIS 2
Department of Agronomy
Inheritance studies on resistance to the first brood of the European corn borer and
resistance to diplodia stalk rot w ere conducted during 1950 and 1951 at Ankeny, Iowa.
Corn was artificially infested with corn borer eggs while in the whorl stage. Data were
taken on l eaf feeding within two to three weeks after infestation on a rating scale of
nine classes, and damage points on leaf sheaths, leaf midribs, and stalks were counted
appr oximately six weeks after infestation. The stalks were inoculated with diplodia
during the latter part of August and data w e re taken on the amount of spread of the
stalk rot on a rating scale of nine clas ses about five to six w e eks after inoculation.
Data on the thre e a ttribute s , leaf- f ee ding ratings, damage -point counts, and diplodia
stalk-rot ratings were taken on an individual plant basis on the following experiments:
on Experim e nt I in 1950 which consisted of 9 inbreds and their 36 F 1 's and F 2 's, on
Experiment II in 1951 which consisted of 7 inbreds and their21 F 1 's and on Experiment
III in 1951 which consisted of P 1 , P 2 , F 1 , F 2 , F 1 , B 1 , B 2 , B 1 S, and B 2S populations of four
crosses. Experiment I was designed to be analyzed by the method of constant parent
regression and method of partitioning the variances of the F 2 into heritable and nonheritabfe portions. Experiment II was designed specifically for analysis by the method
of constant parent regression and Experiment III by Mather's method of simultaneously
estimating the D, H, E 1 , and E 2 components of variation over all populations obtained
from one cross. By the use of Mather's method the data could be tested for disturbances due to linkage; and the additive genetic variance, total genetic variance and the
environmental variance and their standard errors could be calculated for the various
population statistics.
Scaling tests were used to test the assumptions concerning genotype-environmental
interaction and additivity of loci effects. Data on damage-point counts and diplodia
stalk-rot ratings showed significa:nt correlations between means and variances of inbreds and F 1 's indicating the presence of genotype-environmental interactions. The
environmental variance of damage-point counts was stabilize d by the use of Beall's
transformation for contagious distributions, and the x + 1/ 2 was used to stabilize the
environmental variance of stalk-rot ratings. Significant deviations from additivity
were present which could not be eliminated by transformations, however the possibilities of epistasis were taken into account in the interpretation of the results.
The results obtained from Experiments I and II were not of much practical use. The
values obtained for the per cent heritable variation of the F 2 's ranged from fairly large
negative values to large positive values. Negative values are, of course, impossible
but the design of the experiment did not permit the calculation of standard errors so
as to provide a measure of reliability of the estimates. The results obtained from the
constant parent regression did not provide a good index of the results obtained from
segregating populations.
The results for leaf-feeding resistance indicated that effectiveness for individual
plant selectionwould be low and that selection would have to be carried to progeny rows.
For example, the per cent of genetic variance of the F 2 of each of the four crosses in
Experiment III for leaf-feeding resistance was 42.1 +7.3, 38.5 +12.6, 23.3 +11.2,
and 21. 5 + 12. 6; whereas the per cent genetic varianc-;; of the F 1 means of th;- same
crosses was 79.3 + 15.8, 55.3 + 29.0, 45.4 + 29.4, and 56.2 + 36.5, respectively. The
per cent genetic v;riance of the backcrosses in comparison-to that of their progeny
rows showed the same relationship and indicated that alternate backcrossing and selfing would be more effective than straight backcrossing in transferring resistance to a
susceptible inbred. The gene action involved in leaf-feeding resistance appeared to be
mostly additive gene action with dominance and epistatis important in certain crosses.
The environmental variance accounted for practically all the variation of damagepoint counts in the crosses studied. For example, the per cent genetic variance of the
F 2 of each of the crosses in Experiment III was 10. 6 _:!: 7. 7, 8. 7 _:!: 13. 1, 10. 8 _:!: 9. 7, and
1Doctoral thesis no. 1524, submitted April 29, 1954. Chairman of Committee, G.F.
Sprague, Department of Agronomy.
·
2 B.s., Universit y of Minnesota, Minneapolis , Minn,, 1948. M.~., IOWR State College,
Ame s , IOWR, 1950. Graduate Assistant, Agri cultural E:xperiment Station.
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-0.51 + 8.1; and the per cent genetic variance of the F 3 means of the same crosses was
50.6 +-18.8, 7.1+32.7, 48.8 + 25.2, and 8.5 + 32.7, respectively. Selection for resista~e to the fir-;t brood of corn borers on th;-basis of damage-point counts would be
very ineffective. A special experiment showed that the migration of the borers may
affect the number of damage points per plant and, therefore, cancel out differences due
to the survival rate of the borers.
The results for diplodia stalk- rot resistance were similar to those obtained for
leaf-feeding resistance and indicated that effectiveness of individual pla'1t selection
would be low and that selection should be carried to progeny rows. For example, the
per cent genetic variance of the F 2 of each of the crosses in Experiment III was 31.6 +
10.4, 52.2+15.1, 36.7 +8.0, and31.9+11.5, whereas the per cent genetic varianc;
of the F 3 m-eans of the ;;i.me crosses wa-; 55.5 + 24.3, 51.5 + 30. 7, 80.0 + 20.4, and
69. 6 + 31.4, respectively. Diplodia stalk rot invobes additive g-;;neaction anddominance
and possibly epistasis. The results obtained were contingent on the rating scale used
and possible inadequacies of the stalk-rot rating scale were discussed.
Breeding for leaf-feeding resistance to corn borers and resistance to diplodia stalk
rot were discussed. Because of the gene action involved and the relatively low genetic
variances, recurrent selection was suggested as the most effective way of increasing
gene frequency for resistance to corn borers and diplodia stalk rot. An alternate backcrossing and recurrent selection method was suggested for transferring a quantitative
character such as leaf-feeding resistance and diplodia stalk-rot resistance from a resistant inbred to a susceptible inbred.

PROFILE PROPER TIES OF A LOESS-DERIVED WIESENBODEN
SEQUENCE OF SOUTHEASTERN row A 1
GEORGE M. SCHAFER 2
Department of Agronomy
The loess-derivedWiesenboden soils of southeasternlowa which include the Garwin,
Taintor, and Haig series were studied in the field and laboratory. These soils are
developed from Wisconsin Loess which thins exponentially in a southeasterly direction
from near the central part of the state. Previous studies have shown a functional relationship between soil characteristics and the loess distribution pattern, particularly
the loess thickness and the distance from the loess source.
The state soil association map indicates gradational boundaries between the soil
association areas of which the Garwin, Taintor, and Haig series are members. Though
distinct variations in profile characteristics are readily apparent when these series
are studied at wide intervals, the differences tend to decrease as the profiles are observed at close.r intervals. Soils with minimal or maximal characteristics of the
series, varying from the central concept, occur at the soil association boundaries.
Deviations or exceptions to the general relationship sometimes occur due to the effect
of local but important factors.
Field studies were made of the Taintor and Haig series at their boundary in Jefferson County. Laboratory data concerning physical and chemical characteristics of nine
profiles, four each of the Taintor and Haig series and one of the Garwin series, are ·
discussed. The profiles of the Taintor and Haig series were selected to represent soil
conditions at the series boundaries as well as of the central concept of the series.
The Taintor soils included those soils of poor natural aeration with a medium to
heavy silty clay loam A 1 horizon (33-40 per cent 2 micron clay) and moderate horizon
differentiation to the B 2 horizon of light to medium silty clay (42-45 per cent 2 micron
clay). In contrast, the Haig series included soils with an A 1 horizon of light silty clay
loam or heavy silt loam texture (26-31 per cent 2 micron clay) and strong horizon differentiation to the medium silty clay B 2 horizon (46-50 per cent 2 micron clay). The
Garwin profile had a light silty clay loam A 1 horizon (less than 31 per cent 2 micron

1Doctornl thesis no.
Riecken, Department
2B.s., State College
Wisconsin, Madison,

1556, submitted June 4, 1954. Chairman of Committee, Frank F.
of Agronomy.
of Washington, Pullman, Wash,, 1936. M.s., University of
Wisc., 1937. Collaborator, Agricultural Experiment Station.
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clay) and moderate horizon differentiation to the B 2 horizon at the silty clay loam-silty
clay boundary (41 per cent 2 micron clay). The Taintor profiles were found to be less
acid then the Haig with the pH reaching neutrality in the middle to lower part of the
solurn while the entire solum of the Haig profiles remained acid.
The Garwin profile
was more acid than the Haig profile.
The distribution of Taintor and Haig soils in Jefferson County indicated that Taintor
soils occur on the broader tabular divides in the northern part and in local areas on
the centers of the divides in the southern part. Haig soils occur on narrower divides
and side branches. The probable occurrence of depressional areas in the Kansan till
surface underlying local Taintor areas has been revealed. The width of the tabular
divides and the configuration of the Kansan till surface affect the movement of water
through the profile and appear to be important factors controlling the occurrence of
Taintor and Haig soils at the soil association boundary.
The Garwin profile was highest, Taintor profiles intermediate and Haig profiles
lowest in aeration porosity per cent. The order of the series for pH values and for
per cent base saturation was Garwin lowest, Haig intermediate, and Taintor highest.
These properties are related to the degree of leaching of the profiles, and in turn related to the loess thickness, restrictions on subdrainage as affected by Kansan gumbotil, width of tabular divides, and later movement of water to the drainageways.
For the ratio of exchangeable calcium to exchangeable magnesium the order of
series is from the Garwin with the highest ratio to the Haig with the lowest. This rat io
is a possible indication that the Haig profiles are the most weathered and the Garwin
profile the least weathered with regard to calcium minerals. The Haig profiles have a
lower per cent saturation of the exchange capacity with calcium than do Taintor and
Garwin profiles, and the Garwin profile has a lower per cent saturation with exchangeable magnesium than do the Taintor and Haig profiles.
·
The carbon and nitrogen contents are essentially similar for the Garwin, Taintor,
and Haig profiles studied.

NATURAL MUTATIONS IN INBRED LINES OF MAIZE
AND THEIR HETEROTIC EFFECT 1
JOSEF F. SCHULER 2
Department of Agronomy
Dominance and/or overdominance are currently and commonly the two hypotheses
advanced for explaining the heterosis phenomenon. Superiority of the heterozygous
genotype over both homozygous classes at a single locus with a homozygous genetic
background would be evidence for one type of overdominance .
A number of mutations with conspicuous phenotypic effects , which occurred in long
time inbred lines of maize, were collected and maintained. All except one of the mutations were recessive. Each mutant line was crossedwith the parental original inbred
line to produce the Aa genotype which then was compared with the AA (original line),
and in some cases also with the aa genotype {mutant line). Seed fo~l4 mutants was
available and these mutant tests ~ere grown in randomized block experiments in 1952
and 1953. One mutant test was grown in both years. Poor stand and heterozygosity
of expected homozygous parents reduced the number of analyzed mutants to 12. The
following attributes were recorded on an individual plant basis: plant height, number
of seeds (1952) and 100 kernel weight (1953), total kernel weight, kernel row number
and ear length. In one mutant, leaf width, number of tassel branches and ear diameter
were also recorded. All data were transferred to IBM cards to facilitate calculations.
An analysis of variance was carried out for each attribute in each of the mutant tests,
and three of the attributes were chosen to be combined into a discriminant function .
Analyses of variance for each discriminant were presented. A comparison of misclassification frequency of the discriminant and each individual attribute was based on
lnoctoral thesis no. 1503, submitted January 14, 1954. Chairman of Conunittee, G. F.
Sprague, Depe.rtment ot Agronomy.
2Dip. Ing., Hochschule f. Bodonult e se., Vienna, Austria, 1949. M.S., Iowa State
College, Ames , Iowa, 1952. Graduate Assistant, Agricultural Experiment Station.
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t-tests.
According to the results obtained in the mutant tests the 12 mutants were
classified into three groups: l) mutants where the heterozygous genotype was distinctly
superior in all or many of the attributes measured ('sugary 205', 'green stripe', 'dwarf
SW!', 'dwarf 187-2' and 'crinkled'); 2)mutants where no heteroticbehavior was apparent
('narrow leaf', 'male sterile 317 1 , 'grass like', and 'small seed 1373 1 ); 3) mutants where
a classification on the basis of the analyses was intermediate or erratic ('brachytic',
'sugary GG824', and 'small seed Ml4') .
Plants heterozygous for the mutation when selfed or backcrossed to the recessive
parent resulted in recovered homozygous recessives. Such recovered recessives were
compared with the original recessives to provide some information on the assumption
of a single locus difference between parent and mutant line . These recovery tests
were grown in 1953. The same attributes we r e recorded in 1953, as in the mutant tests .
Recovery tests for only three mutants we r e analyzable ('narrow leaf', 'green stripe',
and 'dwarf SW!'). Each attribute was first analyzed individually and then three attributes were combined into a discriminant function which was evaluated in an analysis of
variance and a t-test . The varianc e ratio of the discriminant was highly significant in
all three recove ry tests. This would indicate that the basic assumption of a single gene
difference underlying the mutant tests was not correct and that the recovered recessives had undergone some genetic change curing the cross generation.
Two mutants homozygous for the dwarf gene (d1 d 1 and d 2 d 2 ) and their parent lines
{D1 D 1 and D 2D 2 ) unrelated to each other, were intercrossed according to the following
scheme: D 1 x D 2 , D 1 x d 2 , d 1 x D 2 , and d 1 x d2 • These four F 1 's were grown in a randomized block experiment. Plant height, number of seeds per plant, total kernel weight,
kernel row number, and ear length were recorded. In all attributes except number of
seeds the difference among the intercrosses were highly significant.
It has been stated that under additive gene action the F 1 hybrid of two inbred lines
cannot exceed the sum of the two inbred parents unless overdominance is common.
Certain comparisons of the dwarf intercrosses and the dwarf mutant tests, although
not evaluable statistically, indicate the inadequacy of this argument as support for
over dominance.
A discussion was presented concerning problems involved in heterosis. It is desirable to determine for breeding purposes the relative importance of dominance and overdominance, although this would not provide a critical answer to the basic issue. Cases
of overdominance on a single locus, reported in the literature, rarely have involved a
homozygous genetic background. The advantage of maize in general and the results
obtained in the 12 mutants tested were discussed. The recovery tests are the first extensive data of this nature, their validity and bearing on the mutant tests were evaluated. The data obtained from the dwarf intercrosses bring out the limitations of the
argument that inbredA x inbred B) inbred A +inbred B is indicative of over dominance
effects.

A SOCIOLOGICAL ANALYSES OF RELEASE PROCEDURES USED IN THE
VOCATIONAL PLACEMENT OF INSTITUTIONALIZED MENTAL DEFECTIVES1

ALBERT JENE SHAFTER 2
Department of Economics and Sociology
For a number of years, institutions for mental defectives in the United States have
been placing patients on jobs selected by the institutional staff. Various individual
characteristics have been used to select patients for vocational placement. Prior to
this study, however, these characteristics had never been validated. The purpose of
this study has been, first, to determine if these release characteristics differentiate
between successful and unsuccessful· placements from the Woodward State Hospital and
School, Woodward, Iowa. Second, to use significant release characteristics to predict
probability of success for future placements.

1Doetoral thesis no. 1498, submitted December 15, 1953. Chairman or Conunittee
Walter A. Lunden, Department or Economi es and Sociology.
'
2B.A., Southern Illinois University, Carbondale, Ill., 1948. M.A., Ibid., 1949.
Instructor.
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The release characteristics tested hav e been gathered by a review of the literature,
and contacting by letter each institution for mental defectives in the United States, to
determine the release characteristics they have been using.
These characteristics
have been objectified and 56 were available for statistical test purposes.
The data regarding each person in the group studied have been obtained from the personal folder maintained for each patient from the time he enters the institution until he
is discharged.
Various sections maintained by ward att~ndants, medical doctors,
psychologists, etc., have been utilized.
The group studied had a total of 205 persons. Thirty-nine males and 72 females
have been designated as successful placements, while 36 males and 58 females have
been classified as unsuccessful. The criterion of success was a complete discharge
from the institution, while the criterion of failure was return t o the institution from
placement through a fault of the patient. Where patients had been returned through no
fault of their own, e.g . , sickness, inconsiderate employer, etc., they have been eliminated from the group to be studied.
·
The 56 release characteristics have been tested through the use of chi square or
analysis of variance, with correction for disproportionality, depending on the nature of
the data.
Twelve of the 56 release characteristics significantly differentiated between successful and unsuccessful placements. Each characteristic related to behavior in the
institution. In general, those patients who have adjusted to the institutional routine
tend to success on placement. The 12 significant release characteristics were: whether or not a behavior problem; escapee; quarrelsome with employees; quarrelsome with
other patients; fights with other patients ; truthful; ambitious; obedient; careless; punishment records; steals; and, evaluation of work.
A gross behavior score has been obtained by giving each person in the group studied
a plus two for each favorable release characteristic, a plus one for a 11fair 11 or unknown
characteristic, and a zero for each characteristic unfavorable to successful placement.
The range for behavior scores could be from 0 to 24. The gross behavior scores have
been combined and tested by use of analysis of variance, with correction for disproportionality, and they significantly differentiated between successful and unsuccessful
placements. The behavior scores were then tested by means of biserial r. It has been
found that the tendency to be successful is related to gross behavior score, since the
higher the behavior score, the greater the tendency to be successful on placement. Biserial r, however, does not give tendency to be successful for individuals.
The discriminant equation has been used to predict probability of a given individual's
chances of success on placement. The formula V = 0. 04029X - 0. 54858, where X equals
the individual's gross behavior score, has been used to obtain sigma scores indicating
tendency to be successful on placement. The sigma scores have been converted by use
of the normal curve into chances in 100 of succeeding on placement. Therefore, the
probability of success on vocational placement for patients leaving the Woodward State
Hospital and School, Woodward, Iowa, can be predicted through the use of individual
gross behavior scores.

RESOURCE PRODUCTIVITY IN AGRICULTURE 1
H. RUSSELL SHAW 2
Department of Economics and Sociology
In this study an attempt was made to add to existing knowledge in two ways: ( 1)
through the development and/or refinement of concepts and techniques for the measurement of productivity and (2) through the application of these to data in making empirical
estimates of resource productivity and economic efficiency. Four areas were selected
to represent different types of agriculture. These were spring wheat in Montana, corn

1Doatoral theaia no. 1483, submitted December 11, 1953.
Chairman of Committee, Earl o.
2 Heady, Department of Economics and Sociology.
B.S.A., Ontario Agricultural College, Guelph, Ont., Canada, 1949. v.s., University of
Massachusetts, Amherst, llass., 1950. Graduate Assistant, Agricultural E.,.,,.riment
St4tion.
-·-
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in northern Iowa and in southern Iowa, and cotton in the Piedmont area of Alabama. In
each area samples of farms were selected, and complete input-output data for the year
1950 were recorded by means of surveys of individual farmers. In addition, sample
survey data for the two Iowa areas for 1939 were utilized. Two basic techniques of
analysis were used. These were: (1) the fitting of various Cobb-Douglas and polynomial production functions to data for each of the areas and (2) the computation of residual "productivities" for groups of farms stratified simultaneously and independently by
labor and capital services. In both cases the analysis was made for crop and livestock
production treated separately as well as taken together.
The methods employed in the production functions involved three points of departure
from preceding studies using similar statistical techniques. These were: (1) the separation of crop production from livestock production, (2) a consistent attempt to measure resource service flows rather than a mixture of flow and stock resources and(3) the
elimination of specific items of expense which are not physical inputs.
The production functions as fitted are not pure or ideal. The production function is
fitted to observations as they are found in the sample. It provides an estimate of the
total product for any and all combinations and quantities of the factors. The predicted
product represents that product forthcoming on the average of that kind and from those
types of resources and with the specific techniques employed in that vicinity in factor
space. The surface is, therefore, a type of hybrid. The productivities which are derived from the functions imply that the techniques of production, type of product etc.
must change in the same way between farms as in the sample if the results specified
by the production surface (function) are to be obtained in other situations. The fitted
surface provides only an average of what existed in the sample, and does not imply that
better production methods are not possible.
The Cobb-Douglas function applied to crops or livestock separately may be used to
provide an estimate of the general level of productivity in agriculture by geographic
areas or type of farming areas and to study the nature of returns to scale. The function
may be used also to provide an estimate of the productivity of individual resources in
an area, to detect general misallocation of resources and to determine the direction of
adjustment 'requir.ed in the long run to improve the level of economic efficiency in an
area by resources reallocation. The results of such analysis are probably most useful
in comparisons of productivity of individual resources for the area as a whole and for
comparisons between areas.
The general level of resource productivity was higher for crops than for livestock.
For crops the productivity of resources in the aggregate was highest in Montana followed by north Iowa, south Iowa, and Alabama in that order. For livestock, the differences were much smaller but productivity tended to be highest in Montana, followed
by south Iowa, north Iowa, and Alabame in that order. Returns to scale for crops were
increasing but were more nearly constant for livestock. The degree of returns to outlay was considerably higher than returns to pure scale. For both crops and livestock
in Alabama, a major change in techniques as well as in scale appears to be the only
soiution to low resource productivity in that area.
The results in both types of analysis indicated that the optimum outlay line is not
approximated by any scale line. As output increases in crop production, the optimum
outlay line intersects scale lines representing higher ratios of land to other resources
and also at higher ratios of machinery to labor. In livestock production, the oprimum
outlay line probably intersects scale lines representing higher capital-labor ratios as
output increases. Indicated also is the ability to reorganize resources in such a way
that large increases in capital may be added without varying labor and without reducing
capital productivity materially. Similar increases in labor without changing capital
yield very small responses.
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ELECTRICAL PROPERTIES OF CRYSTALLINE BORON1
WILLIAM CORR SHA W 2
Department of Physics
The boron crystals used in this study were prepared by r .educing boron tribromide
with hydrogen upon contact with a hot (1500°C) tantalum filament. The largest single
crystals weighed less than ten micrograms and were a few hundred microns in length .
The high purity of the specimens was verified spectrographically and their crystalline
nature was verified by means of Laue photographs.
Micromanipulative techniques for mounting very small crystals with several electrical contacts were developed. Microscopic single crystals of boron were mounted
with as many as five spring loaded tungsten probes. Measurements were made of voltage current characteristics, resistivity, Hall and the;rmoelectric effects as functions
of temperature. Qualitative studies were made of rectification, forming and photoconductivity.
The voltage current characteristics of crystalline boron were explained in terms of
joule heating. The resistivity of crystals typical of the majority of those tested was
found to be approximately 1. 7 X 106 ohm cm at 25°C. The resistivity of a typical crystal decreased by a factor of almost 1010 between the temperatures of 200°K and l000°K.
From resistance data obtained in the temperature range between 700°K and l000°K the
intrinsic energy gap Eg between the filled and conduction bands was computed to be
about 1. 55 ev.
Hall, thermoelectric, and rectification studies showed the purest specimens of crystalline boron were predominately p-type. It was found that heat treatment could convert typical p-type boron crystals into relatively low resistivity n-type crystals. Hall
effect measruements were made on one such heat treated crystal and on another low
resistivity n-type crystal selected on the basis of qualitative thermoelectric measurements. From these Hall effect data the mobility of electrons in these particular crystals of boron was calculated to be about 0. 7 cm 2/volt sec. From Hall effect data obtained on a typical crystal, the mobility of holes was calculated to exceed that of electrons by about 0 . 2 cm2/volt sec. The effective masses of the carriers were calculated
to exceed ten electron masses and the mean free paths of the carriers to be between
one and one hundred minimum interatornic distances .
1 Doctor~l

thesis no. 1458, submitted August 11, 1953. Chai rman of Committee, Donald
E. Hudson, Department of Physics.
2B.A., Cornell College, vt. Vernon, I01Va, 1930. M.s., Purdue University, Lafayette,
Indiana, 1932. Research Assistant, Institute for Atomic Research.

SOIL FACTORS AFFECTING CROP YIELDS ON CLARION- WEBSTER SOILS1
WILLIAM DUNCAN SHRADER 2
Department of Agronomy
A study was made of the effects of various soil factors on crop production on the
Clarion, Webster, and associated soils. The effect of soil differences, which are expressed as soil type differences, as well as differences that have resulted from different soil treatments and rotations, were evaluated in terms of crop yields and soil properties. Rotation experiments which have been in operation since 1915 on the Iowa State
College Agronomy Farm at Ames are the principal sources of information.
Continuous corn. corn-oats, corn-oats-meadow, corn- corn-oats-meadow, and corncorn-oats-meadow-meadow rotations are followed.
Various manurl' and fertilizer
treatme,nts are used on each of the different rotations. Clarion loam, Nicollet loam,
Webster silty clay loam, Webster silty clay loam {calcareous phase), and Harpster

1Doctorsl thesis no. 1447, submitted July 17, 1953. Chairman of Committee, Frank F.
Riecken, Department of Agronomy.
2 B.s., University of llissouri, Columbia, Mo., 1935. A.M., Ibid., 1941.
Assistant Professor. Cooperator, Agricultural Experiment Station.
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silty clay loam are all present in appreciable quantities on the experimental area,
Differences were found to exist in crop yields and in selected soil properties that
are correlated or associated with soil type differences. Relative yield differences between soils are different for different crops and for different soil treatments. On the
four year, corn-corn-oats-meadow rotation, which is the most suitable rotation for
evaluating soil differences, average corn yields on the untreated plots ranged from 52
bushels per acre on the Harpster soils to 70 bushels per acre on the Webster soils. On
manured plots, average corn yields ranged from 72 bushels on the Clarion soils, to
about 80 bushels per acre on all of the other soils. Thus, the use of manure increased
corn yields and reduced the variation in yields between soils.
Oncomparable soils, the inclusion of alegume meadow crop in the rotationincreased
average corn yields about 20 bushels and oat yields 25 bushels per acre. Manure applications resulted in yield increases on all crops in all rotations. Corn yield increases, resulting from the use of manure, averaged about 15 bushels per acre.
The use of rock phosphate resulted in moderate increases in yield and in available
soil phosphorus on Clarion and Nicollet soils, but gave no increases in calca:ceous
soils. The use of superphosphate re~ulted in greater yield increases on calcareous
soils than on noncalcarious soils .
.Available soil potassium was found to be highest on Webster soils and lowest on
Clarion soils. Determinations of available soil potassium were not affected by soil
treatment, but the percentage of potassium in corn leaves was increased by additions
of potassium to the soil.
Total nitrogen and available water were found to be highest for the Webster and lowest for the Clarion soils.
Yields on the experimental area were found to be in general agreement with those
obtained by farmers under comparable management systems on similar soils.

A SELEG TION INDEX FOR N.A V .AJO CROSSBRED R.ANGE L.AMBS 1
GEORGE MADSEN SIDWELL2
Department of .Animal Husbandry
The primary purpose of the study was to construct an index for selecting weanling
lambs. Component parts of the index included heritability values of the traits considered, phenotypic and genetic correlations among them, and their relative economic
values. The study also yielded information on the desirability of twin lambs.
Data were available on 1078 dam-offspring pairs of Navajo and Nagajo crossbred
sheep maintained at the Southwestern Range and Sheep Breeding Laboratory, Fort
Wingate, New Mexico.
·Six traits were measured when the lambs were approximately 120 days of age.
Weaning weight, staple length, medullated fibers and fiber diameter were measured in
pounds, centimeters, per cent and microns, respectively. Body type and condition
(degree of fatness) were evaluated by scores using a scale ranging from 1 to 5 with
merit increasing as score value decreased.
The environmental factors for which the traits were corrected were age of dam,
type of birth and rearing, sex and age of lamb. Weaning weight and condition were the
two traits most influenced by these factors; staple length was influenced least. Environmental effects upon degree of fiber medullation and fiber diameter were not studied.
Heritabilities of weaning weight, medullation and fiber diameter were found to be
0.21, 0.64, and0.30, respectively, and are sufficiently high to make mass selection
.reasonably effective. Heritability values for staple length, body type and condition
were O. 06, 0. 04, and 0.11 and are low enough that mass selection would be relatively
ineffective.

The traits most highly correlated with one another phenotypically were weaning
weight and type, weaning weight and condition, body type and condition, and medullation

1Doctoral thesi• no. 1499 9 submitted December 18 9 1953. Chairman o! Committee, L. N.
Hazel, Department o! Animal Husbandry.
2 B.s., utsh State College, Logan, utsh, 1940. K.s., Iowa State College, Ames, Iowa,
1948.
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and fiber diameter. However, all correlations, except those between staple length and
type, staple length and condition, and staple length and weaning weight, were large
enough to be statistically significant. The genetic correlations amont the traits were:
Body
type
Weaning
weight
Type
Condition
Staple length
Medullati on

-0.26

C ondition
-0 .09
-2. 17

Staple
length
-0.10
0.68
-2.29

Medullation
-0. J 3
0.22
0.24
-0. J 5

Fiber
Diameter
1.19
0.24
0.26
0.36
0.45

Three of the above correlations are larger than unity, indicating large sampling
errors are associated with these correlations. Some of the correlations are indicative
of antagonism between desirable traits in sheep production. Selection for heavier lambs
gives shorter staple, and selecting for longer staple or greater fiber diameter results
in an increase in medullated fibers.
The difference in pounds of lamb produced by ewes having twins and ewes having
singles was 27 pounds for the Navajo ewes and 23 pounds for the crossbred ewes. A
significantly higher percentage of single lambs than of twin lambs reach weaning age.
Also, a higher death rate was observed in both single and twin crossbred lambs than in
Navajo lambs. Heritability of twinning was found to be 0.11 for the mature crossbred
ewes and 0. 06 for the Navajo ewes.
Relative economic values of the traits were calculatedfrom long time price averages
for wool and lambs; relationships between weanling and mature traits were used when
these were available. These relative economic values were: Weaning weight, pounds
(13.41), body type, score (31.00), condition, score (31.00), staple length, cm. (13.12),
medu!lation, per cent (3. 50), fiber diameter, microns (2, 00), for each unit change in
the trait.
Using information concerning.the heritabilities, phenotypic and genetic correlations,
and the relative economic values, the selection index was calculated. This index was:
I = 1. 00 weaning weight + 7. 76 type + 9.10 condition - • 84 staple
length - 1. 11 medulla ti on + 4. 96 fiber diameter.
Although the rate of improvement from selection on the basis of this index is slow, as
evidenceq by the expected genetic gains per generation, the progress which can be expected is more rapid than would be the case if selection were toward ill-defined objectives and carried out in a haphazard manner.

BODY

MEASUREMENTS AND BLOOD CONSTITUENTS IN RELATION
TO NUTRIENT INT AKE OF IOWA CHILDREN1
VIRGINIA DE CECCO SIDWELL2
Department of Foods and Nutrition

A systematic analysis has been made of certain body measurements and certain
blood constituents in relation to each other and to the mean daily intake of nutrients of
a state-wide sample of Iowa public school children. One of the main objectives in this
study was to observe the dietary intakes and blood constituents of the children who deviated one standard deviation and of those who deviated more than one standard deviation from the mean of the age-sex group in height, weight, and developmental level.
A second objective was to note the relationships within the three sub-groups of each
age-sex group. To attain these objectives the values of the different nutritional status
indices for each age-sex group were divided into three smaller groups according to
the mean and standard deviation for each age-sex group.

1Doctoral thesis no. 1508, submitted February 22, 1954. Chairman of Committee, Ercel
s. Eppright, Department of Foods and Nutrit~on.·
2 B.S., Pennsylvania State College, State College, Penn., 1941. M.s., Ibid., 1946.
Research Associate, Agricultura l Experiment Station.
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Approximately 1200 children were randomly chosen from 61 representative schools.
The schools were randomly selected from the city elementary schools, small town elementary, junior and senior high schools, and the independent and consolidated schools
with grades one to twelve. The schools and the children were chosen according to a
plan designed by the Iowa State College Statistical Laboratory.
A series of nutritional status measurements was made of the children. A seven-daydietary record was kept by each child. · Also, each child was measured for height and
weight. The developmental level was determined by plotting height and weight on the
Wetzel Grid. Hemoglobin concentrations were determined for all of the children. The
serum ascorbic, serum carotenoid, and serum alkaline phosphatase concentrations
were determined for the children who attended the urban and small town schools.
Except for calcium, the boys had mean daily intakes of food energy and nutrients that
either exceeded or approached the allowances. Except for calcium and iron, the Iowa
girls from 6 to 13 years had mean daily intakes of food energy and nutrients that either
approached or exceeded the allowances. From 13 to 18 years the girls had intakes of
protein, thiamine, and riboflavin, in addition to calcium and iron, that were below the
allowances; otherwise, the values fluctuated about the allowances.
The tallest, heaviest and rapidly developing boys and girls from 6 to 13 years tended
to have higher intakes of the various nutrients than the shortest, lightest and slowly
developing boys and girls at corresponding ages. At different ages the shortest, lightest and slowly developing boys and girls had intakes of the various nutrients that failed
to meet the allowances more frequently than did the other groups of children. The teenage girls of greatest physical development, whether based on height, weight or developmental level, had diets which frequently failed to meee tht allowances in nutritive value.
Serum ascorbic acid and serum carotenoid concentrations reflected not only the dietary intake, but also the rate at which the children were growing. The boys and girls
who were the tallest, heaviest and developing rapidly exhibited a marked decrease in
the serum ascorbic acid and carotenoid concentrations with age until a minimal concentration was reached at 15 years for the boys, and 13 to 15 years for the girls. The
decrease with age was less marked for the other groups of boys and girls.
With the average children the year-to-year changes in mean serum alkaline phosphatase concentrations followed similar trends whether the classification was based on
height, weight or developmental level. In the extreme groups year-to-year changes of
the concentration of serum alkaline phosphatase tended to be more alike where classified according to height and developmental level than to weight. The children with
the highest serum alkaline phosphatase reached the maximum mean value a year later
than the children with average values.
The children with the lowest values had no
peak concentration, the levels remained about the same throughout the age range.
Hemoglobin concentrations of the boys were highly correlated with the mean daily
intakes of protein, niacin, riboflavin, and iron. A multiple regression showed age to
be the most influential factor predicting the hemoglobin concentration. The addition of
the other independent variables protein, niacin, riboflavin, and iron improved the estimate only slightly.
The method of analyzing data used in the present investigation was exploratory. The
results from these analyses suggest the need of further study of nutritional status of
children who are maturing at different rates.
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LOW TEMPERATURE HEAT CAPACITIES OF THORIUM,
GADOLlNIUM, AND ERBIUM 1
RICHARD E. SKOCHDOPOLE 2
Department of Chemistry
A description of the construction and operation of an adiabatic calorimeter for use
in the temperatur e range 15-300°K has been presented. The methods used in the treatment of data and calculation or results have been discussed.
The heat capacity of thorium was measured from 15-300°K. The thermodynamic
functions were calculated for the range 0-300°K, where the heat capacity between 0-15 •
K was obtained using a De bye extrapolation with 9 D = 141. 6. The value obtained for
S 0 219.16 was 12.760 e.u., where e.u. represents cal. deg.- 1 (g. atom)- 1 . No anomalies occur in the heat capacity of thorium over the temperature range of this experiment.
The heat capacity of gadolinium was measured from 15-355 °K. The thermodynamic
functions were calculated for the range 0-355°K, where the heat capacity between 0-15 •
K was obtained using a De bye extrapolation with 9 D
152. The val.u e of s• 298.16
15. 744 e. u. was obtained. An enhanced heat capacity associated with the ferromagnetic
behavior has been observed, with a maximum at 18.6°C. This compares with the Curie
temperature of 16 • C found for gadolinium by magnetic measurements (1 ).
A separation of the various factors contributing to the heat capacity has been made
where Cp = Cq + Cm +Ce + BC. In this equation Cp is the total heat capacity at constant pressure, and Cq, Cm, Ce, and 8C are the lattice, magnetic, electronic, and
dilatation contributions to the heat capacity. The entropies associated with each term
have been assumed to be separable in a similar fashion.
At 360°K the entropies associated with the lattice, electronic, and dilatation contributions to the heat capacity of gadolinium were found to be 13. 698 e.u. Subtracting
this from the total measured entropy at 360°K of 17.238 e.u. gives a magnetic contribution of 3. 540 e.u. This compares favorably with the predicted magnetic entropy of
R ln 8 or 4.132 e.u., considering that some magnetic entropy still remains above360°K.
Values of the heat capacity associated with the energy of magnetization were calculated according to the Weiss theory of ferromegnetism and were found to be 2.5, 3.1,
and 5.4 cal. deg. -l (g.atomr 1 at 8, 10, and 14°C. These correspond to measured
values of 5.60, 5.85, and 6.45 cal. deg. -l {g.atomr 1 at the same temperat~res. The
experimental value of the heat capacity discontinuity was found to be in disagreement
with predictions of the W e iss theory, and statistical theories of ferromagnetism did
not appear applicable in the case of gadolinium.
The heat capacity of erbium was measured from 15-320°K. The thermodynamic
functions were calculated for the range 0-320°K, where the values of heat capacity
from 0-15 °K were obtained from a Debye extrapolation with 9 D = 89. This value of
f1 D was obviously too low for the lattice contribution only, but was thought to account
for anomalous contributions of magnetic origin in this temperature range. A value of
S 29s.16 = 17.593 e.u. was obtained.
Three maxima are found in the heat capacity of erbium; at 19.9°K + 0.3°, at 53.5°K
+ 0.3°, and at 84°K + 0.5°. The two maxima at the lower temperatu;es were found to
be dependent upon th; thermal history of the sample previous to measurements, and
this dependence was investigated. The maximum at 84 °K corresponds in temperature
to anomalous behavior in the resistivity (2), magnetic susceptibility (3 ), and the neutron diffraction (4). The behavior of these properties would seem to predict a N~el
point around 84 °K, but the neutron diffraction cannot be interpreted by any simple antiferromagnetic model. There is no correspondence of anomalous behavior in the properties of erbium with the 53. 5 °K maximum, except the onset of field dependence in the
magnetic susceptibility, which would not be expected to contribute to the heat capacity.
The possibility of transitions similar to those found for cerium, praseodymium, and
neodymium (5) is suggested. The maximum at 19.9°K corresponds to the temperature
at which erbium has been predicted, by means of magnetic susceptibility measurements (3 ), to become ferromagnetic. Neutron diffraction studies indicate that erbium
is definitely ferromagnetic at 4.2°K, but they do not predict the exact temperature at
which ferromagnetism sets in.

=

0

1 Doctoral thesis- no. 1566, submitted June 8, 1954. Chairman of Committee, Maurice
Griffel, Department of Chemistry.
2 B.e., University of Nebraska, Lir:coln, Nebr., 1949. Research Assi stant, Institute
for Atomic Reseo.rch.
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Table l
Predicted and experimental values of

Element

On

Sq+ Sec

J

a

s3 00 for the rare earth metals

R ln (2J +l)

Pre.

e.u.

Exp.
Sp
b
13.64b
16.68
17.49b

La
Ce
Pr

132
135
138

13.41
13.29
I3 .16

0
5/2
4

0
3.56
4.37

13.41
16.85
17.53

Nd
Pm
Sm

141
144
147

13.04
12. 92
12.80

9/2
4
5/2

4.57
4.37
3.56

17.61
17.29
16.36

17.54b

Eu
Gd
Tb

152
155

12.57
12.44

7/2
7/2
6

4.13
4.13
5.10

16. 70
17.54

15.83

Dy
Ho
Er

159
162
165

12.32
12.20
12.08

15/2
8
15/2

5.51
5. 63
5.51

17.83
17.83
17.59

Tm
Yb
Lu

168

11.95
11. 71

5.10
0
0

17.05

174

6
0
0

17.63

11. 71

aThe total angular momentum quantum number of the tripositive
ion, except for europium and ytterbium where J is for the dipositive ion.
bThese experimental values of Sp were obtained from reference 5.
cThe lattice and electronic contributions to the heat capacity at
300°K.

The various contributions to the heat capacity and entropy were separated as in the
case of gadolinium. The lattice, electronic, and dilatation contributions to the entropy
at 300°K were found to total 12, 208 e. u. Subtracting this from the total measured entropy at 300°K gives a magnetic entropy of 5.426 e.u. In the metal, the erbium atoms have been assumed to possess the same electron core as in the tripositive ion, with the
valence electrons engaged in the bonding bands of the metal. The spectroscopic state
of the free tripositive ion is 411512 • At 0°K all of the ions should be in the lowest of
the 2J + 1 or 16 possible energy states, and as the metal is warmed, the atoms will
assume a random distribution in the 16 states. The entropy involved in this process is
R ln 16 or 5.382 e.u. This predicted value of the magnetic entropy is in close agreement with the value derived from the heat capacity data.
The Debye characteristic temperature, a·n. was found to increase in going from
lanthanum to gadolinium, indicating that the force constants, or binding forces, increase
as the atomic number increases and are the dominating factor in determining 9 D·
The entropies at 300°K for all of the rare earth metals have been estimated, and
the values are shown in Table 1. These values are based on the following assumptions :
that the lattice heat capacity varies linearly as the series is traversed, and is determined by the values of Sn= 132 for lanthanum and 9 D = 152 for gadolinium; that the
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electronic heat capacity is the same for all rare earth metals, and equal to that of lanthanum (5); that the dilatation correction for all the rare earth metals is negligible;
and that the magnetic entropy is that predicted for the free tripositive ion. Europium,
ytterbium, and possibly samarium are not expected to agree with these predictions
because of their tendency to exhibit extraordinary valences.
REFERENCES
1. Urbain, G., P. Weiss, and F. Trombe. C.R. Acad. Sci. (Paris) 200:2132. 1935.
2. Legvold, S., F.H. Spedding, F. Barson, and J.F. Elliott. Rev. Modern Phys.
25:129. 1953.
3. Elliott, J.F., S. Legvold, and F.H. Spedding. Phys. Rev. 91:28. 1953.
4. Koehler, W.C., and E.O. Wollan. U.S. Atomic Energy Co~mission, ORNL-1620,
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ADAPTATION OF CENTRAL AMERICAN PLANTS TO IOWA 1
FRANK 0. SMITH 2
Department of Botany and Plant Pathology
Four species of plants, Euchlaena mexicana, Solanum muricatum, Physalis ixocarpa,
and Lathyrus tingitanus, were grown in the greenhouse at photoperiods of 12, 14, 15,
and 16 hours; and at low (55° to 65°F), medium (70° to 80°F), and high (85° to 100°F)
temperatures for the purpose of evaluating the possibility of their adaptation to Iowa.
The photoperiod experiment was conducted at the medium temperature, and day-length
for the temperature experiment was that which prevailed from January to April.
Vegetative response of ~· mexicana to the four photoperiods was uniform, but only
those plants subjected to 12 hours of light per day developed reproductive organs. Conversely, vegetative development was strikingly affected by temperature. The mean
heights of plants grown at low, medium, and high temperatures were 7. 0, 29. 3, and
71.2 inches, respectively. Only the plants at high temperature had flowered at the end
of 159 days.
Vegetative and reproductive responses of S. muricatum to the four photoperiods
were not significantly different. Mean heights of plants grown at low, medium and high
temperatures were 13. 5, 26. 0, and 33. 3 inches, respectively. The number of days to
flower-bud formation at the respective temperatures was 94, 57, and 50. Attempts to
induce fruit setting with chemical growth regulants, anther extracts, root pruning, leaf
pruning, girdling, and mulching were unsuccessful.
The four photoperiods had not apparent effect on either the vegetative or reproductive
responses of~· ixocarpa. Mean heights of plants grown at low, medium, and high
temperatures were 9. 3, 15. 6, and 23. 6 inches, respectively; and the number of days
to flowering was 112, 76, and 61, respectively.
Mean total lengths of.!:'.· tingitanus plants at 12, 14, 15, and 16 hours were 319.5,
96. 7, 7 9 .4, and 50. 4 inches, respectively. Those at a 12 hour photoperiod did not
flower; the others were uniform in date of flowering. Mean total lengths of plants grown
at low, medium, and high temperatures were 46. 2, 143. 8, and 83 .1 inches, respectively. Plants at low temperature flowered in 88 days, those at medium temperature
in 76 days, and those at high temperature did not flower.
Photoperiods are long and temperatures high during much of the growing season in
Iowa.
These factors are favorable for the vegetative development of E. mexicana,
however, according to these data it is a short day plant, and, therefore', not adaptable
to Iowa in its present form, as a grain crop. S. muricatum appears to be unaffected
by photoperiods and temperatures such as encountered in Iowa during the growing

1Dootoral thesis no. 1476, submitted December 8, 1954. Chairman of Connnittee,
Buchholtz, Department of Botany and Plant Pat hology.
2 B.s., Iowa State College, Ames, Iowa, 1949. M.s., Ibid., 1950.
Associate, Agricultural Experiment Station.
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season; however, until the factors that prevent fruit setting can b e ascertained and corr e cted, this plant can not be considered adaptable. All the data obtained in these experiments indicate that~· ixocarpa in its present form could w ell b e grown in Iowa.
The reaction of.!;. tingitanus to photope riod indicates its adaptability to northern latitudes, but very poor growth at high temperature excludes Iowa as anarea of adaptation .
The May an husk tomato was grown and observed at Ames in 1952 a n d 1953. Selections w ere made for furthe r study.
Plants gr own at 70.F were more desirable for use as transplants than those grown
at eithe r 60• or 8 0°F.
In an experiment involving direct seeding and transplanting on May 16, 31, and June
15, transplanting on May 16 and 31 resulted in greater yields than any other combination of date and method.
Disease and ins e ct pests observed in 1953 w ere, powdery mildew, virus disease,
Fusariurn species, .!:!eliothis armigera, !:!: virescens subflexa, Trichobaris trinotata,
and Gnorimoschema lavernella.
In preliminary experiments with the virus disease, seeds taken from badly diseased
plants produced seedlings free of symptoms. In a field study, 42 p e r c e nt of the plants
sprayed weekly with DDT exhibited virus disease symptoms as c o mpare d to 72 per cent
of the unsprayed plants.
Tip killing of branches and vascular discoloration of tap roots and stems were prevalent in the field experiments in 1953. Young p l ants grown in steamed soil infested
with Fusarium isolates taken from typical field specimens also exhibited tip necrosis
and vascular disc oloration .
Heliothis armigera and .!:!.:. virescens ~ damaged fruits by feeding. Over a
five-week period an average of 42. 5 per cent of the fruit was damaged by these insects .
Trichobaris trinotata larvae were found feeding inside the tap roots and stems. Infestation was ~ost s e vere on the transplants of May 16 and 31 a n d on directly seeded
plants of May 16.
Gnorimoschema lavernella infestation was light but the damage was serious. The
larva of this insect enters the fruit and, through feeding, produces a cavity just beneath
the point or stem .attac hment. This cavity is loosely filled with web and the pupa is
suspended in this web.
Chemical analyses revealed no strikingly great amounts of nitrogen, calcium, magnesium, or ascorbic a c id in the fruits. Total sugar percentages were approximately
equal for fully ripe and half ripe fruits and for nearly ripe fruits stored for one week
at s·. 20·. and 25°C.

TYPES OF FUNCTIONS 1
NEWTON B. SMITH2
Department of Mathematics
In this dissertation X denotes the real continum E 1 or an interval, open or closed,
contained in E 1 • The function f(x) is a function from the s e t X to a subset of E 1 • N denotes an arbitrary open interval in E 1 , and N(x) an arbitrary open interval containing
the point x.
Real functions of a real variable may be classified according to whether or not they
are continuou•, neighborly, cliquish, or discriminative. These properties are defined
as follows:
Definition 1. The function f(x) is said to be continuous at the point !; in X if for
every positive number e, there exists an N( !; ) such that for every x in N( !; )· X, j f(x)f( !; )f
€·
Definition 2. The function f(x) is said to be neighborly at the point !; in X if for
every positive number e and for every N(!; ), there exists an N contained in N( !; )· X
such that for every x in N, j f(x)-f(!;) I< e. (1)

<

1Doctoral thesis no. 1531, submitted !lay 26, 1954. ChairmAn of Committee, H. P.
Thielman, Department of Mathematics.
2B.A., Reed College, Portland, Ore., 1943. M.A., Oregon State College, Corv&llis, Ore.
1949. Instructor.
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Definition 3. The function f(x) is said to be cliquish at the point i; in X if for every
positive number e and for every N( i; ), there exists an N contained in N( i; )· X such that
for every two points x 1 and xz in N, lf(xi}-f(x2 )j ( e. (2)
Definition 4. The function f(x) is sai d to be discriminative at the point i; in X if for
every positive number c and for every N( i; ), there exist an '1 · in E [y: I y-f( i; JI< e and
an N contained in N( !;)· X Sllch that for every x in N, f(x)-/ '1 .
The function f(x) is said to be continuOllS if f(x) is continuolls at each point of X .
Similar definitions hold for neighborly, cliqllish, and discriminative functions.
In addition to these properties the following concepts appear in this dissertation.
Definition 5 . The function f(x) is said to be llniformly neighborly on X i f for every
two positive numbers E and 8 and for every x in X, there exist a positive number 5 1 ,
independent of x, and an interval N51 , contained in N 5 (x)· X such that for every x 1 in
N5 1 ,
f(x)-f(xi) f
<.
Definition 6. The function f(x) is said to have the Darbo= property onX if/for every
two points x 1 and x 2 , x 1 < x 2 , in X such that f(x 1 )
f(x 2 ) ( f(x 1 ) > f(x 2 ) ), and for every
'1 such that f(x.)< ~ <f(x 2 ) ( f(x 1 ) ) ' I ) f(x 2 ) ), there exists an x such that x 1( x<x 2 and
such that f(x) = ~ .•
Definition 7. The function f(x) is said to be pecllliar with respect to the property p
on X if X may be partitioned into two sets X 1 and X 2 such that X 1 and X 2 are each everywhere dense in X, f(x) has the property pat each point of X 1 , and f(x) has the property
p at no point of X 2 •
(2)
The object of this dissertation is to investigate functions having the properties defined above, and to discover how these properties are related. The principal results
are the following:
Theorem 1. If the function f(x)is increasing or decreasing at each point of an everywhere dense set in X, then f(x) is cliquish on X.
Theorem 2. If f(x) is neighborly and bounded on the finite interval I, open or closed,
then f(x) is uniformly neighborly on I.
Theorem 3. If a bounded function f(x) is discriminative and possesses the Darbo=
property on X, then f(x) is cliquish on X.
Theorem 4. If the function f(x), defined on the open interval I, is of Baire's class
less than two and has the Darbo= property, then f(x) is neighborly on I.
Theorem 5. If the function f(x), defined on X, is of Baire's class less than two, and
has the Darbo= property, then f(x) is neighborly on both sides on X. Conversely, if
f(x) is of Baire's class less than two, and is neighborly on both sides on
then f(x)
has the Darboux property on X.
Theorem 6. If a function f(x) has a derivative f'(x) at each point of X, then f'(x) is
neighborly on X.
Theorem 7. If the function f(x) has a derivative f'(x) everywhere on X with the possible exception of a nowhere dense set in X, then f'(x) is cliquish on X.
Theorem 8. If a point property p is such that for every function f(x) defined on X
the set of points where f(x) has the property p is closed, then thert is no function peculiar with respect to the property p.
Theorem 9. There exists no function f(x) peculiar with respect to the property of
having the saltus function sf(x) satisfy the inequality, Sf(x)~ k > 0, at a point.
In addition to these results, numerous examples are given in order to extend and
clarify the theory.
Probably the most important result obtained in this dissertation is Theorem 6. For
functions which have a derivative at every point, the knowledge that the derivative function is neighborly gives added insight into the nature of the possible discontinuities of
the derivative function.
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ISOLATION AND DETERMINATION OF NUTRITIONAL FACTORS
IN FOOD AND FODDER YEAST 1
ROBERT LEE SMITH 2
Department of Chemistry

An investigation was conducted to find a way of producing dry, bland protein concentrates from yeast. This investigation was based on the precept that protein molecules
are so large that they are relatively odorless and tasteless. The taste in yeast was
assumed to be due to the low molecular weight substances associated with the protein.
The problem, therefore, involved a search for methods of breaking the yeast cell wall
and removing the taste-producing substances from the protein.
The literature review included: (a) a review of the different methods for rupturing
yeast cells; (b) an investigation of the literature on proteins regarding the factors of
safety, quality, quantity and unit cost; and (c) a survey of the chemical constituents in
yeast.
It was desired to determine whether yeast cells could be exploded in such a manner
as to release all of the cell protein under conditions suitable for producing protein concentrates. The exploding technique followed was to heat a yeast slurry in a closed
system to a temperature greater than the boiling point of the intracellular fluids at atmospheric pressure. The external pressure on the yeast cells was then rapidly released to the atmosphere by opening a quick-opening valve or by releasing the slurry
through an orifice. In theory, this would allow the external pressure to be released
more rapidly than the internal cell pressure could diffuse through the cell wall. If the
cell temperature was high enough, the pressure differential created should rupture the
cell wall.
Three exploding devices were constructed to test this theory. One was a batch type,
quick-opening autoclave. The other two used a heat exchanger continuously to heat the
yeast slurry and then released the yeast through an orifice to the atmosphere. One
heat exchanger was directly heated by a battery of Bunsen burners. With it a yeast
slurry could be heated to 120°C in 5 to 15 seconds. The other continuous heat exchanger
was steam heated, and a heating time of 0.5 to 3 minutes was required to heat the yeast.
Releasing a slurry of bakers' yeast from the batch autoclave at 0, 20, 40, 60, 80,
l 00, 120, 140, and 160 psi steam pressure resulted in the liberation of 0, 13. 5, 14. 7,
14.1, 22.3, 29.5, 29.5, 36.0, and 42.8 per cent, respectively, of the total nitrogen
from the cells. This was determined by removing the cell debris by centrifugation,
washing with physiological sali.ne, combining the centrifugates and determining the
soluble, cell free nitrogen by Kjeldahl analysis. It was possible to release 79. 9 per
cent of the total nitrogen by increasing the total heating time at 160 psi from 12. 75
minutes to 1 7 minutes.
By using the continuous heat exchangers, it was possible to release from 16.5 to
60.5 per cent of the total cell nitrogen by increasing the temperature of release from
100° to 160°C. However, the amount of protein nitrogen released, as determined by
alcohol precipitation and Kjeldahl analysis, was between 3.76 and 9.83 per cent of the
total when the heating time "(as between 0. 64 and 15 minutes.
By inserting a condenser between the steam heat exchanger and the orifice, it was
possible to prove that between 100° and 160°C all of the yeast nitrogen was released
by the heating effect rather than the exploding effect. Moreover, above 160°C, the
product tended to scorch. On the basis of these results it was conc)uded that removal
of all the yeast protein by exploding would be impractical for protein concentrate production.
However, it was possible to extract the taste from yeast sluriries heated to 120°
for less than 3 minutes. Ethanol was found to be · better than wate~, vegetable oil, or
fat solvents for removing the taste from yeast protein. For exarriple, a torula yeast
slurry containing 13.5 per cent solids was heated 1.31 minutes at 126°C. The solids
were recovered by centrifugation and extracted with 95 per cent 'e ti).anol. The product,
when air dried, was creamy-white, very bland and contained 59 per cent protein. This
represented a recovery of 76.5 per cent of the total nitrogen.

1Doctoral thesis no. 1528, submitted May 17, 1954. Chairman of Committee, L. A.
Underkofler, Department of Chemistry.
2 B.s., Iowa State College, Ames, Iowa, 1944• Graduate Assistant, Agricultural
Experiment Station.
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One of the by-products from the production of bland yeast protein concentrates is a
water-alcohol soluble factor{s) which promotes cellulose digestion by rumen organisms.
a. It is found in torula and bakers' yeast and in Bacto yeast extract.
b . It is soluble in water and in mixtures of water and alcohol. It is slightly solµble
in 95 per cent ethanol.
c. Ashing destroys it.
d. The factor(s) could be dialyzed.
e. It could not be adsorbed on Nalcite HCR cation exchange resin or Amberlite IRA410 anion exchange resin.
f. It was not possible to steam distill the factor(s) at pH. l or pH 6.
g. It was not soluble in ether.
h. It was possible to adsorb the factor{s) on Norite A at pH 5 and elute it at pH 7.
Several colorless, transparent isolation agar media were devised using 1 per cent
of CMC-70L as the only carbohydrate source. CMC-70L is a sodium salt of carboxymethylcellulose containing 0. 65 to 0. 85 carboxymethyl substitutio.n s per glucose residue. These media, being transparent, made it easy to isolate, observe and transfer
colonies of cellulolytic organisms.
Several rumen organisms were isolated. Organism No. 32., a motile, strictly anaerobic, Gram variable, rod-shaped bacterium was used as an assay organism. It
fermented and produced acid from cellulose, CMG- 70L, starch, dextrin, maltose,
glucose, and cellobiose.
In order to maintain anaerobic conditions in the inoculurn, the cultures were grown
in rubber-capped, 15-ml. centrifuge tubes. The cultures could be washed without removing them from the tube. The inoculum suspension was transferred dropwise by inserting a device similar to a wash bottle into the centrifuge tube. Pressure was supplied by a rubber bulb. Carbon dioxide was used to flush the oxygen from the system.
The results of this investigation indicate that it should be possible to use transparent
CMG- 70L broth media for acid titration or turbidimetric assay of factors required by
cellulose-digesting organisms.

THE URANIUM-CARBON SYSTEM; THE STRUCTURE OF DIMETHYLBERYLLIUM
AND ITS BEARING ON CHEMICAL V ALENCE 1
ADOLPH ISAAC SNOW 2
Department of Chemistry
The Uranium-Carbon System
A constitutional diag1·am of the Uranium-Carbon system has been constructed from
metallographic, thermal, chemical, and X-ray data. Two compounds, UC (4.8 wt%
carbon) and UC 2 (9.16 wt% carbon), have been identified. There is no evidence of solubility of uranium or of higher carbides in UC. UC is stable at room temperature.
UC 2 is stable only at high temperature and partially decomposes into UC and C at lower
temperatures. At high temperatures and at compositions in the vicinity of 7 wt% C
there is a possibility that either a compound, U 2 C 3 , which dissolves UC and UC 2 , exists
or that UC and UC 2 form a continuous solid solution which extends over a range of approximately 9 atomic per cent. Although the Widrnanstatten type structure indicates
that the postulated U 2 C 3 exists as one phase at high temperature, all attempts to retain
this one phase structure by quenching have been unsuccessful. Results of other workers
indicate that at a composition corresponding to U 2 C 3 a compound with very narrow solubility limits and unstable at temperatures above 1600° C can be produced in samples
that have been cold or hot worked. It has been shown that this compound, stable only
below 1600°C, is not the phase which has decomposed into two phases to give the Widmanstatten structure.
The solubility of carbon in liquid uranium up to 1800°C is small(less than 0. 60 wt%),

1Doctoral thesis no. 1079, submitted July 12, 1950. Chairman of Committee, R.E. Rundle,
2Department of Chemistry.
Sc. B., BroVl?l University, Providence, Rhode Island, 19430 Research Assistant,
Institute for Atomic Research.
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but the solubility increases rapidly with temperature thereafter. The gamma-beta and
beta-alpha uranium solid transformations are not affected by the presence of carbon.
UC has a face centered cubic structure (NaCl type) with a 0 = 4. 948 + 0.001. UC,
has a tetragonal structure (CaCz type) with a 0 = 4. 947 .:!: 0. 001 and c 0 = 5 .987 + O. OOlA.
The Structure of Dimethylberyllium
The proposal that metals with more low energy orbitals than valence electrons should
form electron-deficient compounds when combined with groups with no unshared pairs
has suggested that electron-deficient binding might occur in dimethylberyllium, a solid
subliming at about 200 • C.
Dimethylberyllium is o rthorhombic with the following lattice constants: a 0 = 6. 14;
b 0 = 11.53; c 0 = 4.18 A. It contains four Be(CH3 )z units per unit cell. Weissenberg
and precession data indicate the space groups D~~-Ibam or C~~-Iba.
Atomic positions were determined by trial and error methods and checked by Patterson and Fourier projections. The hydroge n atoms contribute significantly to the
intensities of low order reflections. In space group C~!,-Iba the atoms are at the following positions.
4 Be at OOz; 0, 0, } + z plus (000; }}} )
8 C at xyO; xyO; x, y, ~ ; x, Y• t plus (000; H~ J
with x = 0.182 + 0. 002; y = 0.101 + 0. 002; z = O. 25 + 0. 03. In space group Df~-lbam
the x and y parameters have the same values as tho-;e given above and the z parameter
is equal to 1/4.
The structure derived from. X-ray data is isomorphous with that of SiSz. Continuous
/

~CH3 -

CH3
.....__Be

CH3

........_

with
"'-.. CH3 ......-"'
-.....CH3 _....CH3 /
approximately tetrahedral configurations about beryllium are found in agreement with
the fibrous nature of the crystals. The bond pair, Be-C-Be contains one electron pair.
The observed Be-C distance is 1. 93 + O. 02 A for the centrosymmetric space group.
The C-Be-C angle in the ring is 114 + T". Methyl-methyl distances between chains are
4 .1 A which is normal for Van der Waals bonding, so that negative methyl ions are not
indicated.
Space group Cf\,-21 would permit two short and two long bonds to beryllium, but
intensity data restrict the difference to 0 . l A, too symmetrical to allow structures
similar to Pitzer and Gutowsky's proposal for trimethylaluminum. It is suggested that
the bonding in the trimethylaluminum dimer is similar to that in dimethyl beryllium.
This is the first established electron-deficient bonding in the second group, the second outside the third group, and the second in which the methyl group is found bound to
more than one other atom.
Metallic Valences
chains

Be<

Two different sets of valences are now being applied to metals in alloys, that of
Hume-Rothery, Mott and Jones, and Pauling . In the form ~ r. metallic valences approach a minimum of or nearly zero for the transition metals, whereas in the latter a
maximum of about 5. 78 is reached for the same metals.
The applicability of both ot these valence ideas to explanations of alloy solubility
limits stoichiometric composition of intermetallic compounds, and the theory of metallic bonding has been discussed. In many of these applications the principle which has
been used is that electron-to-atom ratio is an important factor in intermetallic interactions. It has been shown that for very many applications the Pauling valences lead
to exactly the same correlations and conclusions as do the Hume-Rothery, Mott and
Jones valences.
A method of determining which valence set is the more applicable to explain intermetallic bonding has been proposed. Assuming constancy of electron-to-atom ratio is
the governing factor in determining the isothermal solid solubility boundaries in ternary solutions, one may predict the slopes of the ternary solubility boundary curves if
the valences of all of the components are known. By choosing ternary systems for
which two of the components have valences for which Hume-Rothery and Pauling give
identical values, one may find the valence the third element by comparing various predicted solubility boundary curves with the experimentally determined ones. Precautions which must be followed in this procedure and some possible ternary systems
which falfill the necessary conditions have been discussed.
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CAUSTIC TREATMENT OF ZIRCON IN THE PREPARATION
OF PURE ZIRCONIUM COMPOUNDS'
DONALD R. SPINK 2
Department of Chemical Engineering
This investigation was conducted in order to develop a process whereby the most
abundant zirconium ore, namely zircon, could economically be put into solution and
purified adequately for use in hafnium separation processes e mploying liquid-liquid
extraction. Secondary aims concerned the preparation of pure zir c onyl chloride, zirconyl nitrate, zirconyl sulfate, and zirconium oxide from the zircon ore.
Caustic soda was found to be a suitable agent for the decomposition of zircon sand
(zirc onium silicate). Using an optimum ratio of 1. 1 parts by w eight of caustic soda to
one part of zircon sand, sodium zirconate and sodium silicate with small amounts of
sodium silicozirconate were formed after heating for one to two h ours in a furnace set
at an optimum temperature of about 65o•c. The resulting produ c t was a light-colored,
granular material from which the water-soluble sodium silicate wa s easily removed in
a hot water leaching operation. The water-insoluble zirconates wc> re put into solution
with hydrochloric acid. Zirconyl chloride was then crystallized from this solution to
remove iron, titanium, some silica and other soluble impurities. The crystalline zirconyl chloride was then separated from its mother liquor in such a manner as to give a
very dry crystal. These crystals were then put into a water solution which was clarified in order to remove silica. The resulting zirconyl chloride solution could be used
directly to make feed material for the liquid-liquid extraction systems, or processes
further to give high purity zirconium (or zirconyl) compounds such as oxide, chloride,
nitrate, and sulfate.
The total cost per pound of zirconium processed by this method was estimated to be
about 50 cents. This figure compares favorably with the present cost of about 90 cents
per pound of zirconium content commerci~lly available as zirconium tetrachloride.
The product of the caustic treatmen~ was also of a higher purity than that from the
tetrachloride.
1Doctoral thesis no. 1249, submitted I.larch 5, 1952. Chairman of Committee, Harley Ao
Wilhelm, Department of Chemical Engineering.
2s.s., University of Michigan, Lansing, Mich., 1945. M.s., University of Rochester,
Rochester, N.Y., 1949. Graduate Assistant, Institute for Atomic Research.

A COMPATIBLE RECORDING-TABULATION TECHNIQUE APPLIED TO A
STATISTICAL STUDY OF ATMOSPHERIC TEMPERATURE FLUCTUATIONS 1
ROBERT MURRAY STEWART, JR. 2
Department of Physics
This investigation was concerned with the development of a compatible recordingtabulation technique and the application of this technique to a preliminary statistical
study of the turbulent temperature fluctuations in the first eight meters of the free atmosphere. This investigation was made with the support of the Base Directorate for
Geophysical Research, Air Force Cambridge Research Laboratories, under Contract
No. AFI9(122)-440.
The instrumentation aspects of this investigation involved: (1) the development of a
recording system which permitted the recording of the very low frequency electrical,
analog signals derived from several thermistors used as temperature sensing elements
and (2) the development of a play-back system which reconstructed the originally recorded electrical signals and (3) the development of an automatic tabulating device
which accepted the signals and tabulated their amplitude fluctuations in such a manner
1

-

Doctoral thesis no. 1562, subnitted June 7, 1954.
Carr, Department of Physics.

2 B.s., Iowa State College, Ames, Iowo., 1945,
Research Institute.

Chairman of Committee, Percy H.

Research Associate, Industrial Science
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as to permit the very efficient calculation of such statistical measures as their means,
standard deviations and correlation coefficient.
The basic element of the recordirig and play-back systems was a standard broadcastquality single-track magnetic tape recorder. An electronic sampling modulator was
constructed which permitted the sequential recording of seven separate varia,bles. The
individual variables were sampled two-hundred times a second with a sample duration
of 180 micro-seconds.
The modulator permitted a recording frequency-band-width
from DC to several tens of cycles per second. The play-back demodulator separated
and reconstructed the originally recorded signals for use with the tabulator. The prime
function of the recording and play-back systems was to provide a memory for the tabulator so that the raw data were preserved and were available for more than one type of
analysis.
The function of the tabulator was to accept directly an electrical signal whose magnitude at any inst¥t was proportional to the variable of interest, sample the signal
periodically and count the number of samples during the test that the signal was in any
one of ten pre-set amplitude class-intervals. The tabulator thus exactly duplicated the
operation which a person would perform manually in the analysis of a varying quantity.
The tabulator was also capable of accepting two signals, determining by sampling in
which of ten pre-set class-intervals each signal existed and tabulating the results on a
one-hundred cell correlation array by counting the number of samples in each of the
one-hundred possible combinations of the two variables that occurred.
An analysis was also undertaken to determine the effects of system noise upon the
various statistical measures which were used. The results were presented in an analytical form.
The experimental aspects of this investigation involved a study of the dependence of
the intensity of thermal fluctuations and the vertical scale of thermal turbulence upon
atmospheric stability. The intensity was characterized by the standard deviation of the
temperature fluctuations from their mean value, and the vertical scale of thermal turbulence was inferred from the correlation coefficient derived from the temperature
fluctuations at two elevations above the ground. Stability was expressed as the parameter~, which is the exponent in the wind profile equation developed by Deacon (1949).
The data used in this investigation were obtained during the Great Plains Turbulence
Field Program at O'Neill, Nebraska, during August and September of 1953. (The field
test was sponsored by the Base Directorate for Geophysical Research, Air Force Cambridge Research Laboratories.) The temperature data were obtained from a vertical
array of six Western Electric bead thermistors type D-176980, spaced 2.5, 50, 100,
2.00, 400, and 800 centimeters above the ground. The wind data for the computation of
the f3 were obtained from a vertical array of three experimentally developed very light
and responsive cup-type anemometers. The anemometers were spaced 100, 400, and
700 centimeters above the ground. Recordings of tempe.r ature fluctuatipns and average
wind velocity were made under a variety of conditions of stability. The values of f3
range from 0. 60 to 1. 08.
The experimental results of this investigation indicate that there is a relationship
between atmospheric stability and the intensity of thermal fluctuations. The standard
deviation of the fluctuations is larger during periods of instability than during periods
of stability and further there appears to be very little overlap of the range of values for
the two cases. A tendency was also found for the standard deviation of the temperature
fluctuations to increase with height during periods of stability and to decrease during
periods of instability. The standard deviations found ranged from 0.10°C to l..60°C.
The results of the study of the scale of thermal turbulence, as inferred from the
correlation coefficient between adjacent levels, indicate a decrease in the scale of turbulence as stability increases and further, the mean vertical scale of turbulence was in
no case found to increase as rapidly with height as did the thermistor spacings.
The results of this investigation were compared to the results of similar investigations and an area of disagreement noted. The disagreement is in the sense of the dependence of the standard deviations of the temperature fluctuations upon atmospheric
stability, and the sense of the dependence of the correlation coefficient upon atmospheric stability. In both cases the results of this investigation indicate an increase in the
quantity with a decrease in stability. It is felt that a major cause for the disagreement
lies in the entirely different frequency responses of the instruments used. The instruments used in this investigation were capable of responding to much higher frequencies
than those of the other investigators. The lag-time of the thermistors as used in this
investigation was of the order of 0 .1 second.
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PURIFICATION AND CHARACTERIZATION OF FUNGAL CARBOHYDRASES1
EDGAR E. STINSON 2
Department of Chemistry
The use of fungal enzyme preparations for the saccharification of starchy materials
produces larger quantities of fermentable sugars than does the use of malt preparations. However, the yield of ethyl ale ohol is quite variable when the fungal preparations are used regardless of strict control over the physical conditions. As a part of
an effort to isolate the fungal enzymes responsible for the hydrolysis of starch, the
purification of the limit dextrinase and maltase of Aspergillus niger NRRL330 was
undertaken. The carboliydrase system of !:.· niger NRRL330 was selected for study
because previous work had shown that the filtrate of a submerged culture of this organism contained high concentrations of the three major carbohydrases, alpha-amylase,
maltase, and limit dextrinase. In addition, a considerable amount of information concerning the metabolism of this organism is available in the literature. The purification
of the maltase and limit dextrinase of this organism was undertaken as a part of an effort to determine their specific roles in the hydrolysis of starch.
The purification procedure developed by Underkofler and Roy (1) for the purification
of limit dextrinase from submerged culture filtrates of ~· oryzae failed to give comparable results with the ~. niger strain. The first steps involving ammonium sulfate
precipitations were suitable for concentration of the enzyme and elimination of much of
the maltase activity as well as nonproteinaceous material. However, the following
steps resulted in excessive loss of enzyme activity, and an alternative procedure would
be desirable.
The protein material possessing limit dextrinase activity is distinct from that possessing at least the bulk of the maltase activity. DiHerent proportions of the two enzyme activities were eliminated in the various steps in the procedure. The protein
fraction possessing the limit dextrinase activity may possess limited maltase activity.
The lengthiness of the analytical procedure developed by Back, Stark, and Scalf (2)
severely delimited the possibilities for research. Several possible alternative methods
were investigated. A partially purified solution of limit dextrinase displayed a limited
tendency to hydrolyze bacterial dextran. The extent of the hydrolysis was so slight
that this method was ~mpractical as an analytical procedure. Panose, a trisaccharide
composed of three glucose residues connected by an alpha-1, 3- and an alpha-1,4glucosidic linkage, was hydrolyzed by this partially purified solution, but due to the
presence of the alpha-1,4-glycosidic linkage the results were difficult to interpret.
The rapid and virtually complete hydrolysis of isomaltose suggested the possibility of
developing this procedure into a method of analysis for the enzyme capable of hydrolyzing the alpha-1, 6-glucosidic linkages in short chain molecules.
A procedure was developed for the purification of maltase. Preliminary ammonium
sulfate precipitations conducted in various buffers indicated that there were probably at
least two protein fractions possessing maltase activity. The isoelectric point of one
fraction was near pH 5. 0 and the other was pH 7. 0. The fraction having the lower is oelectrfc point contained the largest portion of enzymic activity and was the one isolated.
The maltase activity was stable between pH 4. 0 and 7. 0 for at least 96 hours with a
maximum loss of 7. 5 per cent.
Alpha-amylase was precipitated at a much lower concentration of ammonium sulfate
than was maltase. At 65 per cent ammonium sulfate concentration approximately 60
per cent of the alpha-amylase activity was precipitated while only 19 per cent of the
maltase activity was precipitated. This may have been due to a lower molecular weight
on the part of the maltase.
Acetone was capable of precipitating the enzyme from crude or only partially purified filtrates, but had no eHect up'on the solutions from which most of the protein material had been removed. The precipitation of the active material from the crude solution may have been due to adsorption of the active protein upon some inert impurity.
This hypothesis was strengthened by the discovery that the enzyme molecule could
be adsorbed by a large, inert molecule such as starch from a 40 per cent aqueous-

1Doctoral thesis no. 1507, submitted February B, 1954. Chairman of COllllllittee, L. A.
Underkofler, Department of Chemistry.
2B.s., Purdue University, Lafayette, Indiane, 1948. Y.s., Iowa State College, Ames,
Iowa, 1951. Graduate Assistant, Industrial Science Research Institute.
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acetone solution at 0°C. The extent of adsorption was influenced by the size of the
starch particle, the smaller particles being, in general, the more efficient adsorbents.
Soluble starch was found to remove most of the alpha-amylase activity while not affecting the maltase. Maltase is reversibly adsorbed upon potato starch under these conditions. A possible method of procedure for separating alpha-amylase and maltase would
be, first, to use soluble starch to remove most of the alpha-amylase activity and, then,
to use potato starch (with subsequent elution) to remove the maltase activity from the
solution and to concentrate the active material.
REFERENCES
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Crystallization of fungal alpha-amylase and
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ESTROGENIC SUBSTANCES IN GERT AIN LIVESTOCK FEEDS AND THEIR
INFLUENCE UPON THE NUTRITION OF GROWING AND FATTENING LAMBS 1
CHARLES DEAN STORY 2
Department of Animal Husbandry
In view of the use of the synthetic estrogen, diethylstilbestrol, to stimulate increased
weight gains in cattle and sheep and improved carcass finish in poultry, the possible
widespread occurrence of natural estrogenic substances in livestock feeds posed the
problem that they may have considerable significance not previously recognized in the
nutrition of livestock. The purpose of this study was to determine the distribution of
estrogenic substances in livestock feeds and study their influence upon the nutrition of
growing and fattening lambs.
Estrogenic activity was detected in alfalfa hay, clover hay, and soybean oil meal.
The estrogenic activity was detected and assayed by noting the increase in uterine
weight of immature female mice receiving injections of the various plant extracts, and
comparing this uterine response to that noted in similar mice receiving injections of
standard doses of diethylstilbestrol. The estrogenic potency of clover and alfalfa hay
was estimated to be equivalent to 2 and 2. 7 micrograms, respectively, of diethylstilbestrol activity per pound of hay tested. It was found that approximately two-thirds of
the estrogenic potency was lost during the final steps of purification of the clover hay
extracts, therefore the estrogenic potency of the clover hay tested was considered to
be a minimum value. It was noted that the estrogenic potency in both clover and alfalfa
hay increased with the advance in the growing season. One pound of soybean oil meal
was found to contain approximately 9 micrograms of stilbestrol activity. Also, estrogenic activity was detected in one sample of moldy yellow corn. This corn was obtained
from a farmer who reported a high incidence of prolapse of the rectum in pigs being
fed the corn.
Crystalline genistin and genistein isolated and prepared from soybean oil meal as
well as the synthetic isoflavone derivatives, biochanin A, formononetin and daidzein,
all exhibited estrogenic properties as measured by the mouse uterine response technique. The last three compounds are also found in soybean oil meal and certain other
livestock feeds.
Four lamb feeding experiments were conducted in order to determine the influence
of feeding clover hay extract or ci;ystalline getrlstin extracted from soybean oil meal
upon gain in weight and carcass quality of lambs.
Lambs fed a crude extract of clover hay in which the estrogenic fraction was concentrated made faster liveweight gains than similar control animals, however the
1 Doctoral
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number of experimental animals was limited and the difference was not statistically
significant. The carcasses from lambs fed a crude hay extract were superior in grade
and contained more fat than was present in carcasses from control animals.
The addition of crystalline genistin or low levels of diethylstilbestrol to the lamb
rations stimulated increased weight gains, feed consumption, and improved carcass
finish of fattening lambs during the winter and spring months. In two summer feeding
experiments, however, the addition of these estrogenic substances failed to have beneficial effects similar to those noted in the winter and spring experiments. It was postulated that the responses of lambs to supplemental feeding of genistin of low levels of
diethylstilbestrol may be related to season involving the sexual behavior and endogenous estrogen level in sheep. No harmful effects were noted in lambs fed genistin or
low levels of diethylstilbe~trol.

RESPONSES OF YEAST TO 2, 4-D1
CHARLES RICHARD SW ANSON2
Department of Botany and Plant Pathology
Numerous investigations have been conducted on the effects of 2, 4-dichlorophenoxyacetic acid (2, 4-D) on the metabolism of higher plants. Although much has been learned
of the effects of 2, 4-D on the chemical composition, enzyme activity, and growth responses of treated plants, the work is complicated by differential penetration and translocation effects, as well as cellular and tissue interaction. The cellular approach was
adopted for the present investigations in order to study the effect of 2, 4-D on plant
metabolism, independent of the interactions involved in multicellular organisms. Bakers' yeast (Saccharomyces cerevisiae) was selected as the test organism because this
single-celled plant is readily accessible and a large amount of work has been done in
establishing its normal metabolism.
Growth studies were carried out in liquid nutrient medium, and growth was measured as the percentage transmission of light by the turbid yeast suspensions. Yeast
growth was not stimulated by 2, 4-D but slight inhibition was produced over a wide' range
o( concentrations. Marked inhibition of growth was obtained with concentrations exceeding 10-3 M at pH 6. 0, and complete inhibition: of growth occurred at Zxl0- 2 M.
Recovery of tr-.;ated cultures after removal of the 2, 4-D was complete within 44 hou-;s
with a 20-hour prior treatment up to 4. 5xlo-z M, above which growth was not resumed.
Up to the critical concentration of 4. 5xl o-z M there was apparently a dl.rect relationship between growth and degree of saturatio~ of the growth sites with 2, 4-D. A loose
bonding between the 2, 4-D molecule and its substrate is postulated, because growth
was resumed readily when the chemical was removed before the critical time-concentration effect was reached. Above the critical time-concentration, the complete cessation of growth seems to be best explained by postulating a destruction or alteration
of the normal protoplasmic structure.
Although growth and respiration ·were both affected by 2, 4-D, the growth response
was more sensitive. Respiration was stimulated only slightly at a concentration which
severely inhibited growth. Studies on the effect of 2, 4-dinitrophenol (DNP) on metabolism have shown that growth may be inhibited at concentrations which have no effect
on respiration. It has been postulated that DNP acts through uncoupling phosphorylation from oxidation, thus increasing respiration in tissues in which the phosphorylating system limits the respiratory rate. The data on the relationship between growth
and respiration of yeast treated with 2, 4-D suggest the operation of a mechanism similar to that of DNP.
Aerobic, endogenous 0 2 uptake and C02 evolution were stimulated over a narrow
range of concentrations. High RQ values resulted at inhibitory concentrations because
C02 evolution was depressed less than 0 2 uptake. Below the critical concentration for
growth there was no alteration in RQ, indicating that there was no change in the type of

1Doctoral thesis no. 1464, submitted November 30, 1953. Chairman o! Committee, w. E.
Loomis, Department or Botany and Plant Pathology.
2B.s., North Dakota Agricultural College, State College, N.D., 1948. w.s., Ibid., 1949.
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substrate oxidized. Anaerobic, endogenous C0 2 evolution was markedly stimulated by
2, 4-D, indicating an induction of endogenous fermentation. Anaerobic, exogenous C02
evolution was not affected except at the highest concentration of 2, 4-D used. Aerobic,
exogenous 0 2 uptake was progressively inhibited with increasing concentration of 2, 4-D,
but the inhibitory effect was maintained only at concentrations of glucose at or above
the optimum for yeast respiration. At the highest concentration of 2, 4-D used, aerobic
and anaerobic, exogenous respiration, as well as aerobic endogenous respiration, were
strongly inhibited, indicating a general disruption of metabolic functions.
The depression of glucose uptake in yeast treated with 2, 4-D was approximately
equivalent to the calculated innibition of glucose oxidation in treated yeast respiring
exogenously in air. Dissimilation of reserve carbohydrates was accelerated by 2,4-D,
even in the presence of exogenous glucose. The increased polysaccharide dissimilation
in the absence of exogenous carbohydrate was approximately equivalent to the calculated
stimulation of glucose oxidation in yeast respiring endogenously.
It is postulated that 2, 4-D probably acts through the stimulation of fermentation of
reserve polysaccharides, with a simultaneous inhibition of the oxidative, synthetic processes involved in growth, possibly through an uncoupling of phosphorylation from oxidation. Stimulated endogenous respiration may be attributed to the accelerating effect
of 2,4-D on the dissirnilation of reserve carbohydrates, resulting in an increase in res ...
pirable substrate. The reduction of exogenous respiration by 2, 4-D may be due to an
interference with glucose absorption, or may indicate a direct interference with respiratory processes which is not evident when the substrate is limiting in endogenous
respiration.
It was shown that the total concentration of 2, 4-D required to produce a standard
response (maximum stimulation or 50 per cent inhibition of respiration) decreased
greatly as the pH of the medium was lowered. On the basis of undissociated 2, 4-D,
however, a narrow range of concentrations was required to produce a standard response over the pH range employed, indicating that penetration is limited largely to the
undissociated 2, 4-D molecule. The activity of 2, 4-D may be dependent upon the internal pH of the cell and the concentration of 2,4-D ions within the cell.
The res'pirato;y response of yeast to several 2, 4-D compounds showed that the
monoisopropanol amine salt and the sodium salt of 2, 4-D were equally stimulatory.
The !!_-butyl ester was initially less stimulatory and finally more stimulatory than the
salts. The greater range of concentrations over which the ester was stimulatory may
be attributed to a greater penetration of the undissociated ester, but a slower production of ions within the cell.

ECOLOGY OF THE VIRGINIA AND KING RAILS
AND THE SORA IN CLAY COUNTY, IOWA 1
WARD DEAN TANNER 2
Department of Zoology and Entomology
The ecology of the Virginia rail, Rallus limicola limicola Vieillot, the king rail,
~. elegans elegans Audubon, and the ~ Porzana c~ (Linnaeus), game birds
of the subfamily Rallinae, was investigated on prairie kettlehole marshes on Dewey's
Pasture Public Shooting Ground, Clay County, Iowa during the spring and summer of
1951 and 1952 and early spring of 1953. Field observations, including inspection of
nests, trapping and banding were the methods of study. The major objectives were:
(l) to determine the species and relative abundance of rails in Clay County, (2) to determine the factors limiting their abundance and (3) to learn somethirig of their local
and migratory movements.
Seventy-eight occupied nests, including 37 of Virginia rails, six of king rails, and
35 of soras, and 46 unoccupied rail nests were observed. Although 145 Virginia rails,
four kinll rails, and 130 soras were trapped and banded or marked, none was reported

1Doctoral thesis no. 1444, submitted July 17, 1953. Chairman or Committee, George o.
2 Hendrickson, Department or Zoology and E~tomology.
B.s,, University or Minnesota, llinneapolis, Minn,, 1941. M.S,, PennsylV'Elnia State
College, State College, Penn., 1948,

ABSTRACTS OF DOCTORAL THESES, 1953-54

513

from any locality other than the research area. All recoveries were of birds that had
been banded in the same year that they were recaptured.
In 1951, the first Virginia rails and soras appeared April 30, the first king rails
May 2. In 1952, Virginia rails first were noted Aptil 29, and in 1953, April 30. The
spring migration of the other rail species was not observed in 1952 or 1953. Virginia
rails last were trapped October 3, 1952, and soras September 27, 1952, although traps
were operated until October 23 that year. September 2, 1951 was the latest data that
king rails were captured.
The 1951 nesting season extended from May 13 to July 12 for the Virginia rail, from
May 13 to June 23 for the king rail, and from May 13 to June 26 for the sora. The ' l952
nesting season extended from May 15 to July 1 for the Virginia rail and began May 7 for
the sora. No king rail nests were found during 1952.
The minimum distances in feet between occupied f'ests were 56 between Virginia
rail nests, 50 between sora nests, 352 between king rail nests, 56 between Virginia
rail and sora nests, 102 between sora and king rail nests and 264 between Virginia rail
and king rail nests.
In 1951, the range, mean and standard deviation of the water-depth in inches at occupied nests of each rail species were, respectively: Virginia rail (27 nests), 6.0-18.0,
12.1 + 3.2; king rail {six nests), 4.0-18.0, 10.6 + 5.5; and sora (26 nests), 5.0-20.0,
12.8 "+3.4. In 1953, the water-depths in inches w;re: Virginia rail(eight nests), 11.522.0,-14.8 +3.2; andsora{sixnests), 13.0-23.0, 18.9 +3.7.
Virginia ~ail nests wec-e found in six cover-types: lak; sedge, Carex lacustris(64.9
per cent); round-stemmed bulrush, Scirpus acutus and~. heteroch~(lO. 8 per cent);
river bulrush, Scir us fluviatilis (10. 8 per cent); cat-tail, Typha latifolia and_!. angustifolia (8 .1 per cent ; river grass, Scolochloa festucacea (2. 6 per cent); and blue-j oint
grass, Calamagrostis canadensis (2. 7 per cent). King rail nests were found in two
cover-types: lake sedge {66. 7 per cent) and river bulrush (33.3 per cent). Sora nests
were found in five cover-types: lake sedge (71.4 per cent); river bulrush (11.4 per
cent); round-stemmed bulrush (8. 6 per cent); bur-reed, Sparganium eurycarpum (5. 7
per cent); and cat-tail (2. 9 per cent).
In 1951, the range, mean and .standard deviation of the clutch-size (num ber of eggs
per complete clutch) for each rail species,were, respectively: Virginia rail (23 clutches), 4-10, 8. 1 + 1. 8; king rail (four clutches), 8-14, 12. 0 + 2. 7; and sora (18 clutches),
5-12, 10.2 + l.B. In 1952, the Clutch-size statistics were : Virginia rail(five clutches),
7-10, 8.2 +i.2 ; and sora (six clutches), 9-11, 9.5 + 0.8.
The inc-;;-bation period for the Virginia rail was 22 days in one nest, 19 in another
and at least 18 in two others; for the king rail at least 20 days in one nest and at least
21 in another; and for the sora 19 days in each of four nests and 20 in another.
In 1951, hatching occurred in Virginia rail nests June 6 to July 12 with a peak in the
latter half of June, in king rail nests June 9-23, and in sora nests June 1-26, with a
peak june 11-Z.O.
Of 27 Virginia rail nests observed in 1951, 77.8 per cent were successful. Of 190
eggs in the 27 nests, 75. 7 per cent hatched, 6 . 8 per cent were destroyed by small
birds, 5.3 per cent by raccoons, 5.3 per cent by flood, and 4. 7 per cent by hail, while
1. 1 per cent were infertile and 1.1 per cent disappeared from clutches that otherwise
remained unharmed. Of six king rail nests observed in 1951, 66. 7 per cent were successful. Of 60 eggs in the six nests, 65. 0 per cent hatched, 21. 7 per cent were destroyed by an unidentified mammal, probably raccoon or mink, 10.0 per cent were deserted, 1. 7 per cent were infertile and 1. 7 per cent disappeared from a clutch which
otherwise remained unharmed. Of 26 sora nests observed in 1951, 57. 7 per cent were
successful. Of 228 eggs in the 26 nests, 55 .3 per cent hatched, 21. 9 per cent were
destroyed by small birds, 7. 0 per cent by raccoons, 6. 6 per cent by flood and 4 .4 per
cent by an unidentified mammal, while 3 .1 per cent were deserted and 1. 8 per cent
were infertile .
In 1951, the nesting densities in 81.4 acres of cover on 28 kettleholes inspected for
nests were as follows : Virginia rail, a nest per 3.0 acres; king rail, a nest per 13.6
acres; and sora, a nest per 3 .1 acres. In 1952, the nesting densities in 26. 5 acres of
cover on 10 kettleholes inspected for nests were as follows: Virginia rail, a nest per
2 . 6 acres; sora, a nest per 2.9 acres. The highest nesting densities recorded on individual kettleholes were a nest per 0.3 acre for the Virginia rail and the sora, and a
nest per 1. 3 acre for the king rail. The Virginia rail and the sora each nested in isolated kettle holes as small as 0. 3 acre.
By August 1, 1951, and July 2, 1952, a few young Virginia rails were on the wing,
0
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whereas a few young soras were able to fly as early as July 20, 1951, and July 3, 1952.
In each year trapping records indicated that all of the young Virginia rails were able to
fly by September l and all of the young soras by the last week of July.
Flightless adult Virginia rails undergoing thepostnuptial moltwere observedJuly27,
August 13, and August 29, 1951, and July 15, and July 30, 1952. An adult sora which
had nearly completed the postnuptial molt was observed September 1, 1951. Juvenile
Virginia rails and soras began the postjuvenal molt in July; by September many of them
appeared nearly adult.
The range, mean and standard deviation of the weights of adult rails in grams were,
respectively: Virginia rail (43 birds), 67.6-116.2, 88.6 + 11.0; king rail (six birds),
284.4-401.5, 322.6±44.8; andsora(l8birds), 66.9-101-:5, 81.l +11.6.

RESPONSES OF FARMERS TO DIFFERENCES IN CROP YIELD
VARIABILITY IN TWO COUNTIES IN NORTH DAKOTA 1
PHILIP J. THAIR 2
Department of Economics and Sociology
The focus of this study was on the variability and uncertainty of farm income in
North Dakota. The specific problem investigated was limited to that significant part of
income variability which is caused by annual variations in crop yields and to that part
of the impact of this variability which constitutes the danger of bankruptcy. On the
grounds that insufficient recognition has been given to the part played in farmers' value
systems by the goal of security and their preference for certainty, part of the problem
was to explore farmers' motivations in the actions they take to adjust to the risk of
insolvency.
Four sets of hypotheses were developed to explore the relationships between yield
variability, other vulnerability factors, crop insurance participation, and other security practices. Each set consisted of a major hypothesis and a number of subsidiary
hypotheses that were theoretical extensions of the major one. Vulnerability factors
were farm characteristics, in addition to yield variability, that are largely outside the
limits of the average farmer's control, but which tend to threaten his security or solvency. Security practices were various practices which farmers employ to gain security.
The method was to draw conclusions regarding farmers' motives and objectives by
observing their behavior responses to various stimuli. To isolate the risk factor two
counties in North Dakota, Burke and Eddy, were selected that had virtually the same
long-time county average wheat yields (9. 9 and 9. 8 bushels per acre, respectively) but
widely divergent coefficients of variation of those wheat yields (73 per cent and 49 per
cent, respectively). This unusual conditinn was presumably due to variation around a
lower mean rainfall but a heavier type of soil in Burke County than in Eddy County.
Further, Eddy County had a higher water table, in effect tending to put both a floor and
a ceiling on yields in that county. The sample was stratified on the basis of federal
crop insurance participation in the year of the survey-those who had crop insurance
and those who had not. In the schedule an attempt was made to avoid hypothetical questions, but rather to relate actual behavior to real stimuli.
In testing hypotheses and judging significance of comparative differences, weight
was giyen both to probability levels of the tests of the individual subhypotheses according to the standard "t" test as applied to the differences, and to consistency of direction that was displayed by a set of subhypotheses as a group. That is, the direction of
the differences was stated in each subhypothesi9.
Hence, it was assumed that the
greater the proportion of the subhypotheses that showed evidence consistently in the
directions stated, the greater the confidence in the major hypothesis.
The first two major hypotheses were comparative statements relating to differences
in motives and behavior between the two counties divided on the basis of yield variability. The first major hypothesis stated that high-risk-area farmers, on the average,

1Doctoral thesis no. 1484, submitted December 11, 1953. Chairman or Committee, Earl O.
Heady, Department of Economics and Sociology.
2B.S.A., UniT&rsity or Saskatchewan, Canada, 1942. M.Sc., Ibid., 1944.
Instructor.
Cooperator, Agricultural Experiment Station.
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are more vulnerable than low-risk-area farmers with respect to 12 vulnerability measures which constituted the subhypotheses. Without exception, these 12 factors were
found to pose a greater threat to farmers' security in high-risk Burke County than in
low-risk Eddy County. In summary, the farmers in Burke County had smaller equities,
both absolutely and as a proportion of their total assets. They were obliged by practical circumstances to have a larger proportion of their total assets in the form of real
estate and machinery, and a smaller proportion in livestock. Natural conditions favored a relatively straight cash-crop economy in Burke County with very little scope for
diversification.
· Having identified the conditions and stimuli, the second major hypothesis stated that
high-risk-area farmers practice more security measures than low-risk-area !armers,
with respect to 25 items which constituted the subhypotheses. Th es e security practices
were v arious security-achieving techniques which the more vulnerable farmer should
practice more intensively if he places a premium on security . Ac cording to the data,
the behavior responses occurred in the manner predicted with fe w e xceptions. In summary, Burke County farmers, as compared with Eddy County far mers, refrained from
using as much borrowed capital, kept more reserves both liquic. a nd physical, maintained more flexibility in their farm organization, practiced certain yield-stabilizing
cultural techniques more estensively, such as surnmerfallow, and were more inclined
to favor various income-guaranteeing insurance schemes.
The third and fourth major hypotheses were comparative statements related to differences in motives and behavior on the basis of stimuli other than county average yield
variability. The third major hypothesis stated that more high-vulnerability farm e rs
subscribe to federal crop insurance than those with low vulnerability, using the same
vulnerability factors as before. The relationships in this case were weaker than formerly, because yield variability was held equal, but most of the measures were consistent with the major hypothesis. Hence the conclusion was that, given the same county
average conditions of yield variability, farmers who are in a more vulnerable position
will tend to take crop insurance in greater numbers than those who are less vulnerable.
The fourth major hypothesis stated that farmers with crop insurance, which presumably gives them a measure of security, tend to employ fewer additional security devices. The subhypotheses relate\! to the same items as the second major set. The
relationships indicated were not strong, but it was concluded that crop insurance participation tends to be high where debts are high and where reserves, both physical and
monetary, are low. The suggestion also was that the various cultural practices are
employed along with crop insurance.
It was concluded that farmers are sensitive to the conditions of extreme yield variability and hold a strong preference for security, e8pecially when it is threatened. In
these circumstances, they will make adjustments in order to preserve their solvency
even at the expense of a certain degree of long-run income possibilities. However,
they will not employ a particular security technique regardless of its cost but will attempt to substitute alternative means or employ several together. With explicit recognition of the co-existence of the goal of security with the goal of income, a more useful
research program should be possible.

RELATIONSHIP BETWEEN SIZE OF SCHOOL, EXPENDITURE,
AND QUALITY OF EDUCATION IN ELEMENTARY SCHOOLS1
WADHAWA SINGH THEOPHILUS2
Department of Vocational Education
In the United States, the increase in pupil attendance, the increased demand for
more and better educational services, and the declining value of the dollar have resulted in the great increase in educational expenditures. Many local school districts whose
main source of revenue is the property tax, can no longer finance an adequate program

1Doctoral thesis no. 1513, submitted March 11, 1954. Chairman of Corranittee, M. L.
Cushman, Department of Vocational Education.
2 B.A., Punj ~b University, India, 1940. B.T., Ibid., 1943. M.s., Io·fla State College,
Ames, IoVJa, 1952 •
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of-education without assistance from other sources. Demands have been made upon
the states to contribute a larger proportion of educational expenditures. The states, in
turn, have insisted on more efficient use of school funds through more adequately organized school districts. The study of relationships between size, cost, and quality of
education, therefore, seems very important.
The purpose of this study was to determine the relationship between size of school,
cost of education, and quality of education in the elementary schools of Iowa.
A review of previous studies on the size-cost-quality relationship revealed that; as
size of school increased, the quality of education generally improved; the increase in
size was accompanied by decrease in cost per pupil; and the increased expenditures
produced improved quality.
But most of the studies dealt with the school systems
either larger or more expensive than the average schools in Iowa. Two studies which
included all the public schools of the state, attempted to determine the complex interrelationships between size of school, cost per pupil, and number of course offerings in
secondary schools only. The present study attempts to determine these relationships
in the elementary schools of Iowa.
Due to lack of evidence of cost of a good program in smaller schools and the weight
of opinions of experts that an elementary school of less than 175 to 210 pupils could
not provide an adequate program without excessive expenditures, the study was limited
to the school districts which maintained 12 grades of instruction and which had an enrollment of 200 or more in the elementary school but nor more than one elementary
attendance unit in 1952-53. Copies of~ Time-Scale and ~e Growing Edge along with
score sheets were sent to a 50 per cent sample of 255 such schools. One hundred
schools responded. The community school scores were obtained from the responses
to two previous studies and the pupil achievement scores were obtained from the Director, Basic Skills Testing Program, State University of Iowa, Iowa City.
In order to get a more comprehensive measure, four different measures of quality;
i.e., a tirne-acale score, the growing edge score, the community school score, and
the pupil achievement score were used. Coefficients of correlation were computed between all the possible pairs of these measures. All the correlations except two were
nonsignificant. It indicated that they measured different aspects of quality independently
of one another. The scores of these four measures of quality were combined into single standard scores {mean= 100 and standard deviation= 30)in two ways, {a) by weighting them equally in terms of their standard deviations and {b) by weighting tham by regression of size, discarding the growing edge score, whose correlation with size was
negative but not significant. The coefficient of correlation of .848 between the standard
scores of quality as thus determined indicated that the two scores of quality were not
significantly different from each other.
A highly significant negative correlation between cost per pupil and average daily
attendance indicated that inverse relationship existed between the two, i.e., the larger
the school, the lower the cost per pupil.
Six different curves were tried to see which one best fitted the data. The evidence
found indicated that the relationship between the average daily attendance and cost per
pupil was curvilinear. The quadratic and the reciprocal curves had the highest correlations, of .342 and .327, respectively, but the former showed a tendency for an increased cost per pupil beyond average daily attendance of 353 pupils, which, from a
logical consideration, was indefensible if quality of the program was held constant.
The reciprocal curve showed that the cost per pupil decreased as the size of school
increased but tended to level off at approximately $190 per pupil. The smaller schools
were spending 23 per cent more money per pupil than the larger schools included in
this study.
The highly significant correlation between the standard scores of quality and Wscores (w = 10, 000, 000/{average daily attendance)•] indicating that as the size of the
school increased, the quality also improved. The single variable regression showed
that the quality score of a school of 180 pupils was 77 while that of a school of 480,
was 121.
Sufficient evidence was not found to support the statement that relationship existed
between the quality and cost per pupil.
Regression equations were developed to predict equally-weighted and regressionweighted standard scores of quality from the cost per pupil and the average daily attendance. Caution must be used in applying these equations for prediction of quality of
education by extrapolation to schools smaller or larger than the 255 herein studied.
Tables of equally-weighted and regression-weighted scores of quality were constructed

ABSTRACTS OF DOCTORAL THESES, 1953-54

517

for the ranges of size of school and cost per pupil included in the study. The table of
equally-weighted scores of quality showed that the smaller schools had lower scores of
quality. A school of 200 pupils spending $200 per pupil had a quality score of only 84·.
It could increase its score to 100 by spending$375 per pupil or increasing its size to
240 and spending $225 per pupil.
The contribution of the size of school and cost per pupil in production of quality of
education in elementary schools of Iowa within the noted size range was found to be in
the ratio of 49:1.
The general conclusion of the study is that size of school is much more important
than the cost per pupil in the determination of quality of education, as herein defined,
in the elementary schools of Iowa having 200 or more pupils and not more than one attendance unit.

THE DEVELOPMENT OF A QUANTITATIVE HYDROGENATION METHOD:
THE USE OF THIS AND OTHER METHODS IN FOLLOWING
THE PROGRESS OF OXIDATION IN MILK FAT1
ROBERT H. THOMAS 2
Department of Dairy Industry
One of the common defects in milk and its products is the occurrence of oxidized
flavor. The flavor generally is considered to be the result of the oxidation of one or
more components of the lipid fraction of the product. A review of the literature reveals
that there is no general agreement as to the mechanism of the production of this flavor.
Although a considerable number of methods have been used in studying oxidizing fat,
none seems to give the desired correlation with flavor deterioration.
The objectives of this study were (a) to develop a quantitative hydrogenation procedure for fats, (b) to determine whether or not the oxygen uptake during the useful life of
a fat could be measured from the iodine and hydrogenation iodine values, (c) to compare changes in hydrogenation iodine value with changes in peroxide development, tocopherol degradation, carbonyl formation, and organoleptic evaluation of milk fat (in
attempts to determine accurately the extent of previous oxidation and to predict the rate
of ' subsequent oxidation) and (d) to study the effects of season of production and of storage temperature on the results obtained by the methods listed in (c). It was also hoped
that this study would give a greater insight into the mechanism of fat oxidation during
the period in which the fat is edible.
Hydrogenation was chosen as a method of analysis to be developed for a study of
oxidizing fats because the hydrogenation value might be expected to increase upon oxidation of the fat while the iodine value would likely remain constant as long as the fat
was edible. A review of the literature failed to reveal any hydrogenation method which
was considered to be sensitive enough for the study desired.
The basic equipment used in the hydrogenation procedure was the Barcroft-Warburg
apparatus. Several modifications were found necessary; the chief of these was the
elimination of all flexible tubing by .providing an all-glass system. Mercury was used
as a manometer fluid; a layer of propionic acid above the mercury was necessary to
prevent fouling of the manometer by lubricants which migrated from the ground joints.
Platinum oxide catalyst was prepared on an inert carrier by a modification of the
method of Voorhees and Adams (2). It was necessary to clean glassware in a nitricsulfuric acid bath, and to soak it in dilute NH.OH for eight hours after the acid cleaning
to render it satisfactory for the hydrogenation procedure.
Values closely approximating theoretical were obtained by hydrogenating methyl
oleate, methyl linoleate, and methyl linolenate. The iodine values obtained by Breazeale' s modification ( 1) of the Rosenmund-Kuhnhenn method were approxirna tely eight to
ten per cent below the theoretical values for the polyunsaturated este,rs. The reason
for this is not known; it apparently is not a function of reaction time.
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The hydrogenation method as adopted gave good agreement among replicate values
obtained on fats direct from -25°C storage. For a March fat with a hydrogenation
iodine value averaging 33. 25 (eight determinations) the values varied by a maximum of
0.09 unit (standard deviation of 0.028 unit). A June fat with an average value of 40.68
varied by a maximum of 0.23 unit; the standard deviation was 0. 083 unit. The hydrogenation value was always higher than the iodine value; the differences were not alike
for the two fats. The difference between the two methods averaged 0.39 and 1.37 units
for the March and June fats, respectively. Unless a greater portion of the polyunsaturated compounds failed to react here than with the methyl esters, there apparently is
not enough linoleate and linolenate in milk fat to account fof the differences encountered.
In the study of oxidizing milk fat, the hydrogenation iodine value and the peroxide and
carbonyl contents generally tended to increase while the iodine value and the numerical
flavor score decreased. At the lower temperatures (-25° and 4°C) tocopherol appeared
to increase but decreased at the higher temperatures (25° and 40°C). The reason for
this apparent increase at the lower temperatures has not been determined but may result from the formation of reducing compounds. These compounds may be aldehydes
although the rapid production of carbonyl compounds at higher temperatures and the
accompanying decrease in tocopherol would tend to indicate otherwise.
Although only two fats were studied, flavor scores indicate that the June fat deteriorated more rapidly than the March fat. However, a greater rate of change in each of
the chemical analyses occurred in the March fat than in the June fat. This would seem
to indicate either that the compounds responsible for oxidized flavor are not carbonyl
compounds or that not all carbonyl compounds are produced at the same rate.
The degrees of unsaturation of the two fats would suggest a greater susceptibility
toward oxidation for the June fat. In contrast to this, the lesser tocopherol as a natural
antioxidant in the March fat might be expected to permit more rapid oxidation of the
March fat than of the June fat. In contrast to general experience with milk and cream
in the dairy industry, the June fat oxidized more rapidly than did the March fat (as determined by flavor).
Increases in temperature accelerated the rates of change of the analytical values.
However, the thermal coefficients were not uniform for the various reactions nor between fats for the same reaction. This suggests that the courses of the oxidations are
not the same for the higher temperatures as for the lower ones. Therefore, reactions
accelerated by increase in temperature alone would not be expected to show exactly
what will happen at the lower temperatures normally used for the storage of dairy products.
The lack of significant correlations between the results of the chemical analyses
and the organoleptic observations seems to indicate that none of the chemical methods
employed in this study is reliable either as a measure of the degree of oxidation having
already occurred or as a tool (used alone) in predicting the useful shelf life ,of a fat.
Two alternative hypotheses concerning the relationships among peroxide content,
tocopherol content and flavor scores were presented. In both hypotheses, it was considered that free radicals produced in the oxidation process may take part in three
types of reactions, namely (a) reactions producing peroxides, (b) chain termination
reactions related to tocopherol oxidation and (c) reactions producing compounds responsible for oxidized flavor. In one hypothesis, the flavor reaction is considered
chain propagating while in the other it is chain terminating. It is felt that the relative
rates of these three types of reactions may differ from one fat to another and may be
responsible for such observed occurrences as a greater tocopherol degradation during
the formation of a given amount of peroxide in the June fat than in the March fat and a
greater rate of tocopherol degradation in the March than in the June fat.
0
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RESPIRATORY AND ENZYMATIC ACTIVITY IN CORN SEEDS
IN RELATION TO VIABILITY1
GLYN 0. THRONEBERRY2
Department of Botany and Plant Pathology
The objective of this investigation was to determine the extent to which respiratory
metabolism measured after 18 hours soaking was correlated with ability of corn seeds
to grow. Manometric measurements of overall respiratory activity and colorimetric
measurements of the activities of malic and alcohol dehydrogenase and cytochrome
oxidase were made on corn embryos from 31 lots of varying viability. The indices of
growth measured on each lot were germination tests, cold tests (measures of ability
of seeds to germinate under adverse conditions) and vigor ratings (based on velocity of
germination). Because of the metabolic nature of tetrazolium reduction, tetrazolium
tests and tetrazolium ratings (estimates of the amount of tetrazolium reduced) were
also made on each lot for comparison with the indices of respiratory activity.
Respiratory rates showed relatively high correlations with germination percentage.
The principal deviations were due to three lots having a high proportion of seeds which
initiated growth\ but failed to germinate and which had higher respiratory capacity at
the early stage than expected from the germination percentages. There were no indications that oxygen consumption or carbon dioxide evolution mechanisms were differentially affected in lots of lowered viability.
Malic dehydrogenase activity was closely correlated with rate of oxygen consumption and roughly correlated with germination percentage. Lots having seeds which
showed limited growth but high respiratory rates also had high malic dehydrogenase
activity. Significant activity of this enzyme was present in seeds which were incapable
of respiration and growth. Alcohol dehydrogenase activity was roughly correlated with
both germination percentage and carbon dioxide evolution, although there was evidence
to indicate that this enzyme was not limiting in either case. Cytochrome oxidase activity was quite variable and showed no clear relationship with either germination percentage or rate of oxygen consumption. Furthermore, activity of this enzyme was extremely low in comparison with both dehydrogenase activity and oxygen consumption.
The differences between cold tests and germination tests observed in several lots
could not be related to deficiencies in any of the indices of respiratory metabolism
measured. Similarly, differences in rates of germination could not be related to respiratory activity or activity of the three respiratory enzymes. Tetrazolium tests were
in many cases higher than germination tests, perhaps a result of the retention of dehydrogenase activity in nonviable seeds. The evidence was insufficient to determine
the extent to which malic and alcohol dehydrogenase were responsible for tetrazolium
reduction by corn embryos.
An investigation of the factors affecting respiratory rates of corn embryos showed
that tissue thickness, oxygen tension and immersion in phosphate buffer had a marked
effect on respiratory capacity. The pericarp restricted gas exchange of whole seeds,
resulting in respiratory quotients greater than unity. Seed residues had low but significant respiratory rates; however, these rates were due to tissue or tissues other than
endosperm. Embryos from dry see.ds had high enzyme content and exhibited relatively
high respiratory rates when tissue was imbibed. Respiratory activity increased with
time of soaking up to 18 hours, where no growth was evident, whereas malic and alcohol dehydrogenase activity increased only after growth began. Respiratory quotients
of embryo slices decreased with soaking from unity for dry seeds to 0. 77 and approached unity again after 27 hours.
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FARM RENTAL OBSTACLES TO LAND IMPROVEMENTS
AND SUGGESTED SOLUTIONS 1
WILLIAM D. TOUSSAINT 2
Department of Economics and Sociology

Where the costs of any input are borne by tenant or landlord and returns are not
shared in the same proportion, inefficiency of resource use is fostered. These dissociations of cost and income are of two types, inter-temporal and intra-temporal.
This study is limited to the analysis of share-type leases, and the goal of a lease,
as used in this study, is to allow the tenant farn:i to be operated as efficiently as an
owner-operated farm with a comparable size of business. In line with this goal, the
objectives are: (l) to establish what differences, if any, exist between the operation of
physically similar, tenant- and owner-operated farms, (2) to determine the specific
pr.-ovisions of leases which cause tenants to farm in a manner different from owneroperators and to locate the provisions which enable certain tenants to operate as if they
were owners, and (3) to set forth alternative lease provisions which would allow landlords and tenants more nearly to approach owner-operators in the efficiency with which
they utilize farm resources.
Utilizing information from previous studies in the Ida-Monona soil association area
of western Iowa, four groups of farms were selected for intensive study. Each group
of farms was selected so that the farms in the group would be similar with regard to
acreage, soil type and slope, climate, and total capital employed. One owner-operated
farm was selected as the norm for each group. Of the six tenant-operated farms in the
study, four were farms where it had been stated that the lease presented obstacles to
efficient use of resources and, specifically, to the utilization of erosion control practices. Two of the tenant farms were selected as success farms, i.e., as having a
landlord-tenant relationship which did not appear to restrict the efficiency of resource
use below that of a comparable owner-operated farm.
The farming systems on the four obstacle farms were changed to correspond with
those of the paired owner-operators at those points where it appeared that the lease
might hinder a change in this direction. The effects of the revised plan and the present
plan on the incomes of the landlord and tenant were estimated for a ten-year period.
Also, the effect of the revised plan on the value of the farm after the ten-year period
was estimated .
Crop yields for the different soil types under various rotations and erosion control
practices were estimated with the assistance of members of the Iowa State College
Department of Agronomy. Yields were not assumed to remain constant, but decreased,
were maintained, or increased over time, depending on the soil loss due to erosion,
the nitrogen added through legumes in the rotations, and the effect of fertilizer.
In all cases, the value of the revised plan (discounted at a rate of 5 per cent) was
positive for the farm as a whole. On one 160 acre farm where the revised plan entails
an increase of 36 acres of forage along with use of contouring on all fields ·, the landlord would absorb a loss in income over the ten-year period with present lease provisions. The tenant, on the other hand, would receive an estimated annual increase in
returns of nearly /;400.
It was estimated that the use of the revised farming systems on the four farms would
increase farm value from about /;4 to ,$'21 per acre over the value if the present plan
were continued for ten years. With inclusion of the farm value change, the revised
plan would increase the returns to both the landlord and tenant on all four farms, but
the tenant receives the greater increase under present leases.
Where large increases in forage acreage are put into effect, as was done on two of
the four farms, the farm income may be decreased for two or three ·years. The cropshare tenant, utilizing the increased forage 'lfith additional livestock does not undergo
any decrease in income; the landlord absorbs the reduction. Primarily, this is due to
the low cash rent for hay and pasture on these farms.
To reduce the risk associated with fixed commitments of cash rent, the adoption of
flexible cash rent based on changes in prices, costs, and production may be feasible,
1 Doctoral
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or the hay production could be shared just as is the proeuction of cor and oats.
To lengthen tenants' horizons of expectations, longer leases might be used. Another
method is to assure the tenant of compensation for the unexhausted value of any improvements he should make. It appears that compensation provisions may give considerable impetus to the adoption of land and building improvements on rented farms.
Implementation of the findings of this study can be made at several levels. Education
performs a vital role in disseminating information and in changing custom to allow
more efficient lease provisions to be employed. Farm manager,, public action agencies, and legislatures may encourage leasing adjustments through their own particular
means. Tenants and landlords can, by means of a greater willingness to bargain, work
out practical solutions to problems which are reducing the efficiency of resource use
on their farms.

DISTRIBUTION OF THE FERTILIZER PRODUCTION FUNCTION
IN RELATION TO DECISION MAKING 1
1'.HOMAS E. TRAMEL 2
Department of Economics and Sociology
The porpose of this study was to explore the usefulness of knowledge of a sample of
production functions in planning under uncertainty. A sample of production functions
was estimated and these functions used to compare the results which would have been
obtained from using several different procedures in planning.
Data for the study consisted of per acre yields of corn for varying rates of nitrogen
on experimental plots at the Delta Branch Experiment Station, Stoneville, Mississippi.
Rates of nitrogen used in the experiment were 0-45 pounds in 7. 5 pound increments.
The period covered by the data was 1921-1952.
Production functions for the experimental design were of the form Y = f(X 1 X 2 X3 ,
X.·. ·Xn) where Y denotes corn yields, X 1 denotes nitrogen applied, X 2 denotes weather
conditions, and X3 , X.· .. Xn denote the other factors of production. The vertical bars
indicate nitrogen variable within years, weather conditions variable between years, and
all other factors of production held constant. Five type functions were fitted to the
annual data. Selection of the type function giving the best fit on the basis of the smallest mean square of the deviations from regression and logic resulted in the type function Y = a + bX2 +ex! being chosen for 20 years, the type Y = a + bX + cX 2 for 7 years,
the type Y =a + bX for 3 years, and the types Y = a + bX + cX and Y = a + bX2 + cX t
for one year each. In these functions Y refers to corn yields in bushels per acre and
X refers to rates of nitrogen ·applied in 7. 5 pound increments. All correlation coefficients for the annual functions selected, with a single exception, were significant at
the l per cent level of probability. The other was significant at the 5 per cent level.
Responses due to the application of the different rates of nitrogen were obtained by
(1) transforming the annual production functions into response functions (subtraction of
the constant a in each production function from the production function) and (2) evaluating the resulting response to nitrogen functions at the rates of nitrogen used in the experiment. Under the assumption that weather conditions are random in nature, the
responses thus obtained constitute a random sample of the responses obtainable from
each rate of nitrogen applied.
In order to compare the results which would have been obtained from following several different procedures which may be used in planning the application of nitrogen to
corn, functions were fitted to the mean, first quartile, median, and third quartile of
the responses at the different levels of nitrogen. The same type functions as above
were fitted and selection of the best fit on the same basis resulted in the type function
Y =a + bX2 + cX3 being selected in each case. Correlation coefficients for these functions were significant at the l per cent level of probability.
Throughout the study it was assumed that prices were known and were constant.

I l
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For purposes of comparison with results which would have been obtained from following several procedures in planning the application of nitrogen to corn, maximum profits
from the use of nitrogen which would have resulted under perfect knowledge were calculated. In the first comparison of the different systems of planning, the average price
of corn at harvest time for the 192.1-1952. period {.81.06 per bushel) and the average
price of nitrogen in the form of Nitrate of Soda (.$1. 17 per 7. 5 pound increment) was
used. In the second comparison, prices used were,$1.06 for corn and ,$3.50 per 7.5
pound increment for nitrogen.
For the years for which a linear function or a function showing an area of increasing marginal productivity not followed by an area of decreasing marginal productivity
within the range of observations, an infinite amount of nitrogen was indicated as the
most profitable rate if its application were profitable at all. For these years, and for
all other cases where the indicated most profitable rate was greater than the highest
rate used in the experiment (six increments of 7. 5 pounds), six increments were used
for further calculations .
Planning procedures for the application of nitrogen compared were: perfect knowledge; last year's response function; functions for the second sixteen years to parallel
the first sixteen and vice versa; best response function obtained during the period;
poorest response function obtained; and the mean, median, first quartile, and third
quartile response functions.
For the first comparison, very little difference in results which would have been obtained was indicated for several of the systems of planning. No losses from the application of nitrogen would have been realized under perfect knowledge or if plans were
based on poorest responses. If either of the other systems of planning were used,
however, losses would have been incurred two years of the 32.-year period. Profits
would have been highest under perfect knowledge, lowest if planning were done on the
basis of poorest responses, and about the same for the other systems.
In the second comparison, the amount of nitrogen used under the various planning
procedures would have been more dependent upon the procedure used in planning.
Hence, there were wider differences in results which would have been obtained from
following the different systems of planning. In terms of average profit per acre, however, four of the systems of planning (mean, median, first quartile, and third quartile)
would have yielded about the same results. Parallel period planning would have resulted in the lowest average profits and the mean or median system the highest (except
for perfect knowledge). No nitrogen would have been applied if plans were based on
poorest responses. Consequently, there would have been neither . profits nor losses
under this system.
Losses would have occurred most frequently under parallel period planning and
least frequently under the first quartile system. The latter system would also have
resulted in the smallest maximum loss and the highest percentage return on money
invested in nitrogen. It would appear, therefore, that this system of planning would
yield best results for farmers with limited capital and alternative investment opportunities. Should the farmer have unlimited capital and wish to maximize profits over
a period of years, it appears that he should plan in terms of mean or median responses.
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TIONS 1

ROBERT EUGENE UHRIG 2
Department of Theoretical and Applied Mechanics
A method of establishing analogies between phenomena in which the characteristic
equations are not identical has been presented. It differs from the usual procedure in
that at least one of the equations relating variables in the model to the corresponding
quantities in the prototype is nonlinear. The usefulness of this modified procedure is
dependent upon a change in the form of a characteristic equation when functional transformations are used.
The dissertation includes a review of the changes in form of a second order differential equation that could be introduced by several specific types of functional transformations. In addition, a study was made of the methematical basis of the transformations and of the limitations imposed upon these transformations.
Three familiar examples were investigated theoretically using the modified system
of establishing analogies, and the results were shown to agree with those given in the
literature.

a. An analog circuit was designed to predict the deflection of a column. This use of
a functional prediction equation made it possible to introduce resistance into the
analog circuit even though the characteristic equation of a column does not contain
a first derivative.
b. The analog circuit for predicting the behavior of a simple vibrating system was
investigated. The theoretical solution showed that it was possible to predict an
infinite deflection for an undamped system vibrating at resonance frequency even
though the electrical system contains resistance and the electrical charge does
not become infinite.
c. A third analog circuit was designed for any phenomena having Bessel's equation
as its characteristic equations. The theoretical solution was shown to agree with
the known solution to Bess.,l's equation of the plus and minus one-half orders.
In addition to the theoretical discussion of these three examples, the dissertation
contains a description of the design, construction and operation of an electrical analog
circuit for a beam column. The analog circuit was used to predict deflections of the
beam column for five different loads. A photoformer was used in conjunction with a
specially designed cathode follower amplifier having a low output impedance to supply
an arbitrary voltage waveform to the analog circuit. The results of this investigation
agree reasonably well with the analytical solution of the beam column problem uning
the theory of elastic stability. The error varied from 13 to 14 per cent, but a major
of this discrepancy can be attributed to the improper operation of the experimental
equipment.
1 Doctoral
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ANALYTICAL AND EMPIRICAL EVALUATION OF WATER TABLE
BEHAVIOR AS AFFECTED BY DRAINAGE SYSTEMS 1
JAN VAN SCHILFGAARDE 2
Departments of Agricultural Engineering and of Agronomy

A field laboratory, designed to study the effect of the depth and spacing of tile drains
on the rate of drawdown of the water table, was installed. The installation consisted of
15 parallel tile lines installed at two depths in a field of McPaul silt loam 'in such a
manner that each line could be closed off or opened as desired and of a sheet metal
barrier 6 feet deep all around the field.
The hydraulic conductivity, as measured in situ, of the upper 5 feet of soil was found
to vary from about 10 to 20 feet/day, and fro-;; sto 5. 5 feet deep, it was found that K
1. 0 foot/day. In the upper layer of 5 feet the soil was found to be anisotropic with a
probable ratio Kh/Kv = 3.
By means of 3-inch core samples, the drainable porespace was determined as 5 per
cent. Permeability determinations from the cores were unsatisfactory.
Numerous observations on the rate of drawdown of the water table from a position
about 6 inches below the surface showed insignificantly small differences due to tile
spacing. This phenomenon can partly be explained by the anisotropy o"f the soil, but
was primarily due to the high rate of deep seepage loss. The deep seepage loss, accounting for close to 90 per cent of the total discharge, was probably the result of the
extremely dry season. In a season more nearly normal than the past, it is expected
that the natural water table outside the barrier would be sufficiently higher to reduce
the amount of deep seepage to a value where it would not interfere with the comparison
of drawdown rates due to tile spacing.
The assumptions of horizontal flow and of radial flow as they apply to the theoretical
treatment of drainage problems were evaluated. Various solutions based on these assumptions were analyzed as to their advantages and weaknesses. It was shown that a
judicious combination of assumption• of both radial and horizon~al flow can lead to a
valuable and reliable approximation of the actual steady state problem, but that the use
of either assllmption alone leads to serious inconsistencies in cases of steady as well
as nonsteady state problems.
The analysis of steady state drainage problems by means of the hodograph method
was investigated and Van Deemter's (1) hodograph solution was verified. It was shown
that, although no objections can be raised against Van Deemter's treatment, his solution only applies to cases that are unlikely to occur in practice. It is restricted to unrealistically small drain diameters running under pressure.
Finally, several of the solutions criticized on theoretical grounds were tested against
field observations. The field data used for these comparisons were gathered at different times and locations by different investigators.
The comparisons substantiated the previous findings that the solutions based on the
assumption of horizontal flow deviated from the field conditions because of the omission of the convergence effect. The rate of change of the calculated spacings was less
than that of the actual spacings, but when convergence was taken into account by a combination of the assumptions of radial flow and horizon\al flow the rdes af change of the
spacings in the field and those determined theoretically were nearly equal. Furthermore, the actual spacings were generally less than those calculated when purely horizontal flow was assumed.
In view of the close agreement between calculations usina Hooghoudt'a (2) tables
which are based on a combination of radial and horizontal flow aeaumptiono and actual
conditions, and considering the simplicity ot the use of these tables, it appears that
this method can be recommended as the best available for the solution of steady state
drainage problems.
The equations of Van Deemter deviated from the field observations in a manner attributable to the discrepancy between the actual size of the tile and the tile size required for the theory to apply.
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Walker's (3) radial flow equation for the falling water table resulted in spacings far
greater than found in the field. This again was in accordance with the theoretical discussion.
REFERENCES
1. Van Deemter, J. J. Results of mathematical approach to some flow problems connected with drainage and irrigation. Appl. Sci. Res. All;33-53. 1949.
2 . Hooghoudt, S. B. Bijdragen tot de kennis van eenige natuurkundige grootheden van
den grond, 7, Algemeene beschouwing van het probleem van de detail ontwatering
en de infiltratie door middel van parallel loopende drains, greppels, slooten en
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ECONOMIC PRINCIPLE AS A GUIDE TO ADMINISTRATION AND
TEACHING IN THE AGRICULTURAL EXTENSION SERVICE 1
WARREN H. VINCENT 2
Department of Economics and Sociology
The purpose of this study was to determine the applicability of existing economic
principle to the problems of adminitration and teaching in the Agricultural Extension
Service. As a problem of economics it was concerned with the most appropriate means
to be used in order to achieve the alternative ends sought by extension administrators
and field workers.
Cooperative Extension work qualifies as an economic problem because it involves
maximizing ends relative to means. Such a problem may be one of resource allocation.
It also involves the distribution of wealth because (1) it is publicly supported and thus,
through taxation causes income transfers, (2) its services are not evenly distributed
which causes income redistribution within the agricultural industry, and (3) its activities affect the prices of products and resources which influences income distribution
throughout the entire economy.
The approach followed was first to study the environment in which resources are
allocated and then to attempt to define the ends to be maximized. The implications
from this approach can be seen by evaluating each part separately.
Legislation has been written in terms which limit administrative flexibility. From
the standpoint of national administration, many problems which might otherwise involve choice are answered by statutory provisions. For example, the present policy
which apportions funds to states chiefly on the basis of rural and farm population may
differ from one based on marginal productivity. Efficiency criteria would suggest that
adjustments be made in state allocations to permit equation of marginal value productivities. On the other hand, the present allocation may be rational on economic grounds.
It it is assumed that the legislative body of a representative government accurately reflects the values of all people, then the present system may be a kind of optimum based
on a particular system of values. The correctness of the answer depends on the selection of an appropriate choice indicator.
From the standpoint of state and local administration, institutional rigidities also
exist. Despite this fact, new activities are added as old activities are discarded and
economic principles are involved when the choice is made. The county agent adds a
new activity when the expected returns exceed his expectations of returns in alternative
existing lines.
The second phase of the study was to consider the resources used in the production
of extension services. The production of the services of extension involves a variety
of heterogeneous factors and a multitude of different immeasurable products. Whether
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these various services are produced under conditions of increasing, constant, or diminishing returns to scale is not known with certainty. However, production involving
increasing returns appears to be a plausible hypothesis. It is possible that public funds
at the disposal of legislators are sufficiently limited to prevent the forcing of any one
line of public service into an area of diminishing returns. If such is the case, any
choice indicator one might wish to employ would indicate that the economic problem is
to maximize the amount of financial resources available to Extension.
The third phase of, this study was t" evaluate the objectives of Extension. In general,
the objectives were classified as (1) those chiefly concerned with the changes in individual values and levels of knowledge, and (2) those objectives concerned with efficiency
in the use of resources and in the distribution of assets. These two general goals are
in conflict because, in the first instance the object is to alter preference systems of
individuals while, in the second case, a given constant preference system is a requisite
of the efficiency criteria. Since both goals are upheld by extension workers, this condition represents a conflict in extension activity.
Important implications were drawn from analysis of objectives involving a change in
the level of knowledge of individuals. The chief of these implications is that if an increase in production or an increase in utility is to be attained through education, then
such education must be complemented by capital or some other resource.
In the analysis of objectives dealing with resource allocation and income distribution,
attention was given the alternative goals of increasing agricultural efficiency and of increasing farm income. It was concluded that an extension program directed toward increasing agricultural efficiency should do the following things: (1) reduce uncertainty
faced by farm operators, (2) assist in the transfer of "under-employed" resources in
agriculture to other industries, (3) recognize that knowledge may be complementary
with capital and that new measures may be necessary to facilitate the application of
modern techniques an·. ideas, and (4) assist in the removal of resource misallocation
on low income farms.
Appropriate means to increase net farm income require a recognition of the relative
inelasticity of demand for farm products. The following suggestions may be offered
for a program based on maximizing agricultural income: (1) Monopoly practices aimed
at reducing output. Resources in excess would need to be transferred to other industries. Extension workers would need to remember that (a) such a program would not
attack the problem of income inequalities within agriculture and (b) it would conflict
with the goal of maximum efficiency. (2) Extension workers would emphasize production of those commodities with the highest demand elasticity. (3) Efforts would be directed toward the transfer of resources out of agriculture. Activities which tend to
fix labor on the farm would be avoided.
In summary, it becomes evident that the Extension Service cannot be all things to
all people. There is a need on the part of policy-makers in Extension to resolve existing conflicts. After this is accomplished, economic principle can serve as a useful
guide to the allocation of the resources expended in the achievement of the relevant
e nds.

THE EFFECT OF ORGANOMETALLIC AND QUATERNARY AMMONIUM
COMPOUNDS ON THE GROWTH OF MICROORGANISMS!
LOWELL L. WALLEN2
Department of Chemistry
An investigation has been made of the effect of organometallic compounds on different aspects of the growth of microorganisms. A yeast, some molds, aerobic and anaerobic bacteria w ere employed in this study as representative samples of typical microorganisms to evaluate the inhibitory effects of different organometallic compounds.
Extensive use was made of the yeast, Saccharomyces cerevisiae, because of its importance as a microorganism, its ease of cultivation and its availability. Other organ1 Doctora l
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isms used included the bacteria, Acetobacter suboxydans, Lactobacillus delbrueckii,
Lactobacillus casei, and Clostridium acetobutylicum; also the mold, Aspergillus niger.
Growth conditions for these organisms were optimum in all instances except when altered by the addition of the organometallic compounds.
Preliminary studies were conducted with water-soluble compounds since they allowed
maximum contact of the bacterial cells with the organometallic molecules in aqueous
media. An organolead compound, tetrakis-(p-dimethylaminophenyl)-lead tetramethiodide, and a partially purified organotin dye, triphenyl-2-(p-carboxyphenylazo)-5-dimethylaminophenyltin, were found to be insufficiently soluble in water for the preparation of solutions which were toxic to the microorganisms, so other water-soluble organometallic compounds were tried.
The water- soluble organolead compounds, triphenyl-Y -(diethylmethylammonium)propyllead methosulfate, was prepared and found to be toxic to all microorganisms at
a concentration of 10- 5 mole of compound per ml. of medium. The compound may derive its bacterididal properties from the nature of its quaternary ammonium structure
which causes a reduction of the surface tension of media, or possibly by adsorption
onto the surfaces of the bacterial cells.
A new compound, 4, 4, 4-triphenyl-n-butyldiethylmethylammonium methosulfate
(called 444T for reference purposes), was synthesized by replacing the lead atom of
the organolead methosulfate with a carbon atom by the following procedure: A benzeneether solution of triphenylmethyl sodium was added to y -diethylaminopropyl chloride
and the excess reagent hydrolyzed following reaction overnight. The organic layer was
dried and excess solvent removed. Reaction with dimethyl sulfate gave white crystals
of 444T after recrystallization from acetone. M.P. 161-162°C.
The 444T was less toxic than its lead analog. A · concentration of 1 o- 7 mole of the
organolead compound per ml. of medium caused a great reduction in the rate of respiration of S. cerevisiae within 30 minutes, while 444T at the same concentration produced no inhlbition. Similarly, 444T allowed 11.1 per cent glucose uptake, but the lead
analog produced complete inhibition of glucose metabolism.
The alkyl ammonium methosulfate portion of 444T, i.e., n-propyldiethylmethylammoniurn methosulfate, was prepared. It was relatively nontoxic to some molds in
contrast to the organolead compound and its carbon analog. A concentration of 10- 5
mole of the compound per ml. of medium inhibited some bacterial growth, but allowed
the growth of some air-borne molds. All three methosulfate compounds caused cell
agglutination with S. cerevisiae; this was perhaps due to neutralization of the zeta potential of the cells by the positive charge of the cationic portion of these molecules.
Preliminary studies of these quarternary ammonium compounds were conducted
with air-borne molds obtained from a glucose-yeast extract medium which had been
exposed to the atmosphere.
The use of very low concentrations of the organolead
methosulfate (10-9 to lo- 11 mole per ml. of medium) with these molds produced increased rates of glucose uptake, while higher concentrations caused increased metabolic inhibition. The mold, Aspergillus niger, was affected in the same manner by
these compounds.
The use of organometallic water-insoluble compounds required a preliminary search
for organic solvents which were miscible with water, nontoxic to microorganisms, and
good solvents for such compounds. Among those tested were Butyl Cellosolve, ethanol,
acetal, dioxane, and ethyl lactate. The low toxicity of dioxane to the cells of S. cerevisiae was unexpected. This organism grew well in any concentration of dioxa~e up to
4 per cent, whereas diethyl ether, a compound of similar structure, is very toxic to
yeast. Solvent controls were used in all fermentations. The water- insoluble organometallic compounds which were studied included diphenylmercury, triphenylbenzyllead,
triphenyl-p-tolyllead, and triphenylsilanol. Tetraphenyllead and tetraphenyltin were
too insoluble in the water-miscible solvents required, so they could not be tested.
Respiration of some aerobes suffered 100 per cent inhibition within 30 minutes after
the introduction of the organometallic compounds. These studies revealed some instances in which the metabolism of the cells was halted, while their respiration continued, as when the cells of S. cerevisiae were treated with triphenyl:p-tollyllead.
Support for the theories of the mode of action of diphenylmercury and triphenyl-ptolyllead against microorganisms was obtained from the results of experiments which
were conducted with BAL (British antilewisite). The BAL was ineffective when used
with diphenylmercury; no decrease of toxicity resulted, but BAL appeared to reduce
the inhibition of glucose metabolism by triphenyl-p-tolyllead when it was used with
5. cerevisiae and L. casei.
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The water-soluble methosulfates produced a sluggish fermentation by the anaerobe,
CL acetobutylicum, while increased acid production and an abnormal increase of glucose resulted from the addition of diphenylmercury of triphenyl-p-tolyllead to the medium used with this organism.
All organometallic compounds of lead or mercury were toxic to all of the microorganisms tested. An exposure of only 5 minutes was sufficient for complete loss of
cell viability when diphenylmercury was added to a medium. The quaternary organolead methosulfate required 45 minutes to exert the same degree of inhibition.

TOPCROSS AND POLYCROSS PROGENY TESTS FOR EVALUATING GENERAL
COMBINING ABILITY OF So AND S 1 CLONES OF ORCHARDGRASS,
DACTYLIS GLOMERATA L. 1
CLYDE ERVIL WASSOM 2
Department of Agronomy
Different types of progeny from a group of 12 So and 12 S 1 clones of orchardgrass
were compared to determine which progeny test was the most effective for measuring
general combining ability and to obtain information on randomness of pollination in
nurseries used for outcross seed production. Topcross seed was obtained from nurseries containing alternate rows of space-planted clonal material and drilled seedings
of a commercial lot of orchardgrass, the latter served as a common source of pollen.
Isolated crossing blocks were used to produce polycross seed, while open-pollinated
seed from S 1 clones was obtained in an inbred nursery where each S 1 clone was planted
in a row with a number of its sibs. All progenies (222 entries) were planted in broadcast plots in the same experiment using a randomized complete block design with three
replications. Green forage yields were taken from two crops in 1951 and 1952, and
separate variance analyses were made for each crop, for total annual yield, and for
the combined two-year total yield. Data on panicle production were obtained once each
year. Progeny investigations were analyzed as three separate tests: (1) Topcross
Raplicate Test, including topcross and polycross progenies of 12 So clones, (2) Polycross Replicate Test made up of the polycross progenies of seven of the same 12 So
clones, and (3) S 1 Topcross Replicate Test which included the topcross and open-pollination progenies of 12 S 1 clones. Seed from various replications of the topcross nurseries and from two polycross nurseries was kept separate to compare effectiveness of
different replicate entries for evaluation of combining ability and to obtain information
relating to randomness of pollination. Also, a comparison was made between topcross
and open-pollination progenies of S 1 clones, in which the open-pollination progenies
were not subjected to equal or random pollination.
Differences among clones in general combining ability for yield were consistently
detected by replicate topcrosses in the Topcross Replicate Test. Polycrosses differentiated clones in four instances and bulk topcrosses in one out of a total of seven
analyses each. All types of progenies showed significant differences among clones in
combining ability for panicle number in every instance. In the Polycross Replicate
Test the clones were found to differ in combining ability for forage yield in 1952 and
for the two years combined. They ala o differed in both years for panicle numb er. S 1
clones in the S 1 Topcross Replicate Test also varied in combining ability, though neither topcross nor open-pollination progenies consistently detected differences for forage yield. Significant differences in panicle number were revealed by both types of
progeny.
Replicate topcrosses were more sensitive for evaluation because they were represented by 24 plots per clone as compared to three per clone for bulk topcrosses and
polycrosses. For both yield and panicle number estimates indicated that the greatest
amount of information would be obtained with one replication in the test and 24 in the
topcross nursery. Estimates of relative information for panicle number with 24 rep-

1Doctoral thesis no. 1494, submitted December 14, 1953. Cheirman of Committee, Robert
R. Kalton, Department of Agronomy.
2B.s., Iowa State College, Ames, IO'tli'a, 1949. M.S., Ibid., 1951.
Research Associate, Agricultural Experiment Station.

ABSTRACTS OF DOCTORAL THESES, 1953-54

529

lications in the test and one in the nursery were 38 per cent and 21 per cent for 1951
and 1952, respectively, while corresponding information for yield was 100 per cent
and 75 per cent for the same two years. The effect of keeping replicate entries separate was much more pronounced for the more heritable character, panic le number, It
was estimated that nine replications for bulk topcross entries and 12 for polycross
entries would be necessary to attain the same relative precision as obtained with replicate topcrosses for panicle number. The same estimates for yield ranged from 18 to
50 for bulk topcrosses and 18 to 30 for polycrosses.
Within clone variances from analyses of variance of the data were frequently significant, indicating that the sample of pollen received by plants in the various replications was not equal or random. In the Topcross Replicate Test they were significant
in 1952 and for the two years combined for panicle number . Those for forage yield ·
were significant only for the first crop of 1951. Deviations due to male parentage were
not significant for either panicle number of forage yield in the Polycross Replicate Test,
while in the S 1 Topcross Replicate Test only panicle number appeared affected by unequal m.;_le parentage.
Interprogeny correlations were high between mean performance of replicate topcross progenies of 12 So clones in the present investigation and mean singlecross performance of the same clones in an earlier study. The correlations, based on two-year
means, were 0.86 and 0. 80 for forage yield and panicle number, respectively. Accuracy of mean estimates, because of the large number of plots which were used to evaluate the clones in each of the two tests, probably were responsible in a large measure
for these high correlations. Therefore, with sufficient replication, the topcross test
generally ranked the clones in the same order as the mean of all singlecrosses and
provided a good measure of general combining ability.
Interannual correlations were positive for both yield and panicle number of parents
and of their progenies in the Topcross Replicate Test. Associations for pa~ents were
significant and high for both yield and panicle number )Nhile those for progenies were
generally low and nonsignificant for yie!cl. ~nicle ~:mber correlations for replicate
topcrosses and polycroeees were aiall.ifi.c'ant at the s ·,per c~nt level. Years x entries
interactions were significant in all analyees in the Topcross Replicate Test. These
low associations in the progeny tests, especially for yield, and the significant years x
entries interactions emphasize the importance of evaluating progenies for at least two
years or more.
In the discussion and interpretation of the results it appeared possible from a breeding standpoint to test a much larger number of clones by use of the topcross test rather
than the polycross test with the same relative expenditure of time and effort. Effects
of nonrandomness of pollination could be overcome by mixing equal amounts of seed
from each replication. Sufficient replicate• would have to be included in the topcross
nursery to produce required amounts of seed, but this generally would not be nearly
the number required in a polycross nursery to insure an approach to equal pollination.

THE GENESIS AND MORPHOLOGY OF SOME TRANSITIONAL
BRUNIZEM - GRAY-BROWN PODZOLIC SOILS1
EVERETT M. WHITE 2
Department C/f Agro~omy
Field and laboratory studies were made of aome soils which have morphological
characteristics that are intermediate to those of the Brunizem and Gray-Brown Podzolic soils. The transitional Brunizem - Gray-Brown Podzolic soils are presumably
formed by the encroachment of deciduous tree.a on Brunizem soils. The latter were
d e v e loped unde r prairie. Thus, the transitional soils are the middle member of a soil
biosequence and their morphology results from a change of the biotic factor of soil
formation.

1Doctoral thesis no. 1463, submitted November 30~ 1953. Chairman of Committee, Frank
F. Riecken, Department of Agronomy•
2 B.s ., Iowa State College, Ame s , Iowa, 1948. M.s., Ibid., 1950.
Research Associate, Agri cultural ;;xperirnent Station.
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Field studies indicate that there is a gradual change from the Brunizem soils to the
Gray-Brown Podzolic soils within most traditional soil areas. The first visible morphological change induced by trees in the Brunizem soils appears to be the development
of grayer colors in small localized areas in the lower part of the dark colored granular
A horizon. The dark color disappears from the A 2 horizon and the structure changes
from granular to platy units as the Brunizem soil traits become less evident. The formation of the platy structure in the A 2 horizon probably occurs simultaneously with the
loss of clay from the horizon and with the formation of a thinner dark colored A 1 horizon. The thin dark A 1 horizon becomes lighter colored as the transition soil develops
into a Gray-Brown Podzolic soil with stronger subangular blocky structure peds in the
B 2 horizon.
The laboratory analysis for total carbon and nitrogen substantiates the decrease in
organic matter of the lower A 1 horizon as was indicated by the morphological changes
observed in the field. The loss of organic matter in the incipient A 2 horizon of the
transitional soils studied was accompanied by a decrease in pH, per cent base saturation, clay content and the ratio of exchangeable calcium to magnesium. With regard to
these properties in the lower A horizon, the Brunizem soils had the highest values, the
transitional soils had interm e diate values and the Gray-Brown Podzolics had the lowest
values. The Gray-Brown Podzolic profiles had less clay in the A horizon than the associated Brunizern profiles while their transition profiles had an intermediate amount.
The Gray-Brown Podzolic and associated transitional profiles of a biosequence had
about the same maximum per cent clay in the B 2 horizon while the associated Brunizem
profile contained slightly less clay in that horizon. The ratio of the minimum per cent
clay in the A horizon to the maximum per cent clay in the B horizon apparently indicates
the degree of profile development of the soils of the biosequences studied, with the
ratio being highest in the Brunizem profile, intermediate in the transitional profile, and
lowest in the Gray-Brown Podzolic profile.
The exchangeable calcium-magnesium
ratio in the A 2 or lower A 1 horizons appears to be another measure of the degree of development in the profiles. It seems the clay and calcium-magnesium ratios are probably comparable indicators of profile devdopment in soils which have a uniform parent
material such as loess.
The per cent base saturation, pH, exchangeable calcium, and the ratio of exchangeable calcium to magnesium increase in the A 1 horizon of the transitional profiles as
compared to the Brunizem profiles. It appears, from available data, that more calcium is returned to the soil surface in the annual leaf fall of deciduous forests than
from the annual death of the prairie forage. This additional calcium would account for
the changes which occur in the A1 of the Brunizem soils which have become transitional
soils. The Gray-Brown Podzolic profiles had a lower pH, per cent base saturation,
and quantity of exchangeable calcium in the A 1 horizon than the transition profiles.
The transitional soils have laboratory and morphological properties intermediate to
the Brunizem and Gray-Brown Podzolic associates. It is postulated that a new Great
Soil Group would simplify the classification of these transitional Brunizem - GrayBrown Podzolic soils.

CROSS-INCOMPATIBILITY IN MAIZE 1
JOSEPH REED WHITELEY 2
Department of Agronomy
Some popcorn varieties fail to set seed when pollinated by other varieties of popcorn
or by dent corns, but are cross-compatible when used as male parents.
A knowledge of the mechanism of cross-incompatability has become important from
the standpoint of hybrid popcorn seed production. Many of the better popcorn hybrids
are three-way crosses of the type (Supergold x Super gold) x South American. Crosses
of this type must be made with Supergold inbreds as female parents since SouthAmeri-

1Doctoral thesis no.
Johnson, Department
B.s., Brigham Young
Fayetteville, ~rk.,
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1480, subnitted December 9, 1953. Chairman of Committee, I. J.
of Agronomy.
University, Provo, utah, 1949. M.s., University of Arkansas,
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c an inbreds used as female parents are incompatible with Super gold inbreds. Sup e r gold inbr e ds also are fully compatible with dent corn. In areas wh e re it is difficult to
is olat e popcorn seed fields from dent corn, outcrosses with dent c o rn become a pr ob lem since they cannot be detected in the seed crop. Transfer of g enetic factors for
cross-incompatibility to compatible inbreds would thus serve to p re vent dent-contamination.
Results of previous research indicate that the genetic basis for cross-incompatibility
is a series of multiple alleles at the~ locus on the fourth chrom o some. The mechanism involved is believed to be a reaction between the diploid styl e and haploid pollentube whereby the growth of~ pollen-tubes is completely inhibited in Ga 5 G~ 5 silks and
retarded in Ga 5 ga silks so that~ pollen-tubes rarely affect fertilization in competition
with Ga 5 pollen-tubes.
The purpose of this study was to determine the extent and natur e of cross-incompati bility among several inbred lines of popcorn and dent corn arid to study further the
g enetic mechanism involved. Pollination tests were made using cross-incompatible
popcorn inbreds as female parents in crosses with compatible popc orn and dent corn
inbreds. Four or five hand pollinations were made of each cros s, and the resulting
number of kernels per ear recorded. In addition, F 2 and backcro ss populations from
crosses involving incompatible and compatible inbreds were tested for receptivity to
dent corn pollen. Plants with less than 30 per cent seed set wer e considered nonreceptive, 30-70 per cent as doubtful, and those with more than 70 per cent as receptive to dent corn pollen.
The incompatible popcorn inbreds all reacted in a similar manner when pollinated
by either compatible popcorn or dent corn inbreds. However, the variability in number of kernels per ear was considerable and appeared to be subject to environmental
influence. When a small amount of seed was set, it usually was found at the tip of the
ear, thus substantiating the hypothesis of inhibition of pollen-tube growth as the physiological explanation of cross-incompatibility.
F 2 populations from crosses among incompatible inbreds did not segregate for receptivity to dent corn pollen, thus indicating these lines had genetic factors in common
conditioning cross-incompatibility. Similarly, F 2 populations from crosses among
compatible popcorn inbreds were fully receptive to dent corn pollen, indicating they
had genetic factors in common conditioning cross-compatibility.
Some F 2 populations from crosses between compatible and incompatible inbred lines
segregated approximately in the ratio of one receptive to one nonreceptive plant. This
substantiated the Ga 8 - ~classification as being the genetic mechanism involved. Others deviated widely from the expected 50 per cent nonreceptive plants, ranging from
2.2 to 100 per cent.
Backcross populations of the type (compatible x incompatible)x incompatible deviated considerably in some cases from the expected 50 per cent nonreceptive plants.
When the F 1 was backcrossed· as the male parent to the incompatible inbred, the progenies were generally nonreceptive to dent corn pollen.
Backcrosses of the F 1 to the compatible inbred parent generally produced progenies
which were receptive to dent corn pollen regardless of which way the backcross was
made.
The performance of F 1 , Fz, and backcross populations involving the popcorn inbred,
W5, and the dent inbred, 4Co63, indicated that in this case plants of the genetype
Gasga completely inhibited the growth of~ pollen-tubes even in the absence of competing pollen.
F 2 and backcross populations involving reciprocal single crosses usually segregated
alike, indicating that a cytoplasmic influence was not operative in this type of crossincompatibility.
Both compatible and incompatible inbreds appeared to possess genie differences in
the form of alleles differing from the type Ga 8 or ~ and/or genes which modify the
compatibility reaction.
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POSTEMBR YONIC DEVELOPMENT OF THE OVARIES OF
ONCOPELTUS FASCIATUS (DALLAS)1
JAMES R. WICK 2
Department of Zoology and Entomology

This investigation was undertaken to determine the histogenetic development of the
ovarian tis sues of the milkweed bug. It was hoped that this knowledge would make clear
the origin of the diverse tissues found in the adult ovariole and that it would eliminate
some of the confusion concerning the origin of ovarian tissues in the Heteroptera.
All of the tissues present in the adult ovary have been derived from four tis sues
present in the first instar nymph at the time of hatching. These undifferentiated tissues are: the anterior ovarian strand, the posterior ovarian strand, the primary epithelial sheath and the oogonia.
The anterior ovarian strand, as the result of growth and differentiation, produces
the terminal filament.
The posterior ovarian strand produces the prefollicular primordium and the pedicel
in the third nymphal ins tar. In successive nyrnphal stadia the prefollicular primordium
produces prefollicular tissue which in turn produces the definitive follicular epithelium. Thus the follicular epithelium and the pedicel can be traced back to undifferentiated mesodermal tissue.
The primary epithelial sheath eventually produces the outer epithelial sheath and
the inner envelope of the adult ovariole.
The oogonia produce the oocytes and the apical trophic tis sue. The critical divisions
of the oogonia that produce these two tissues begin in the fourth nymphal stadium and
continue into the fifth stadium.
Not all of the oogonia produced during the nymphal development of the ovariole are
retained. Some of the oocytes are displaced into the prefollicular tissue and accumulate as a mass of cells at the anterior end of the pedicel. The displaced germ cells
are discharged into the lumen of the pedicel in the fifth nymphal stadium.
1Doctoral thes i s no . 1522, submitted April 19, 1954. Chairman of Committee, Philip F,
Bonhag, Depa rtment of Zoology and Entomology .
2s.s., Io.,a ·:iesleya n College, Mount Pleasant, Iowa, 1948. 11.s., Kansas State College,
Manhattan, Kans., 1950, Instructor,

THE VANADIUM-ZIRCONIUM ALLOY SYSTEM'
JOHN T. WILLIAMS 2
Department of Chemistry
The equilibria existing in the vanadium-zirconium alloy system were investigated
by means of solidus temperature determinations, thermal analysis, dilatometry, electrical resistance measurements, metallography, and X-ray diffraction methods.
Solidus temperature determinations showed a eutectic reaction between a zirconiumrich solid solution and a compound, V 2 Zr, at a temperature of 1230° + l0°C. V 2 Zr
was found to decompose into liquid and a vanadium-rich solid solution atl300° + 25°C.
The eutectic composition was determined to be near 30 per cent vanadium by-weight
from metallographic evidence.
The eutectoid reaction between V 2 Zr and alpha zirconium was shown to take place
by thermal analysis, dilatometry, and electrical resistance measurements. The electrical resistance measurements gave 777• + 5 •c as the eutectoid temperature and 5
per cent+ 0. 5 per cent vanadium by weight ;:s the eutectoid composition. The measurements-indicated that possible existence of an impurity in the alloys, however.
The composition range of V 2 Zr was shown to be very small by metallographic
1Doctoral thesis no, 1537, submitted May 28 , 1954, Chairman of Committee , B,A, Rogers,
De pnrt ment of Ch emi stry.
2 s . s ., 'lamline University, St, Paul, Minn., 1944, M, S ., University of !Ainnesota,
Minnea pol i.s , Minn., 1949 , Resea rch Assista nt, Institute for Atomic ResMrch.
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methods, and it was found to be near 52. 8 weight per cent vanadium, the stoichiometric
composition for V 2 Zr.
X-ray diffraction analysis of alloy powders indicated no transformation in V 2 Zr and no
other intermediate phase in the system. The lattice type for V 2 Zr was not determined.
Some metallographic evidence was obtained which showed a limit of solubility of
zirconium in vanadium of less than five per cent by weight at 600°C and more than five
per cent at temperatures above 800°C. The evidence was poor because the alloys appeared to contain material foreign to the system.

ECONOMIC ANALYSIS OF PROTEIN-GRAIN SUBSTITUTION
RELATIONSHIPS IN PORK PR_ODUCTION1
ROGER CHARLES WOODWORTH'
Department of Economics and Sociology
This study departs from traditional procedures in determining protein levels for hog
rations. It is conceived within an economic framework beginning with the conceptual
stage, through the design and carrying out of feeding trials and the analysis of data.
The primary objective was to establish, by means of feeding trial data and multiple
regression analysis, the replacement power of soybean oil meal for corn with various
levels of protein in the ration. Other objectives were to relate protein level with the
time required to reach market weight and with optimum marketing weight.
The study is based on three feeding trials with a combined total of 464 pigs. All lots
received a basic corn-soybean oil meal ration fortified with vitamins (including vitamin
B 12 )and minerals. The analysis was carried out for rations with and without antibiotics.
From these data, regression equations of the general form Y = f(C, P) were derived
to predict pig gains with use of different quantities of corn and soybean oil meal, where
Y is gain per pig, C is pounds of corn per pig and P is pounds of soybean oil meal per
pig. Equations were then derived to obtain ( 1) marginal gain functions for different
rations to show the added gain per added pound of feed, (2) the different combinations
of corn and soybean oil meal which would result in a desired gain{iso-product equations)
and (3) the rate at which soybean oil meal substitutes for corn at different pig weights
and different combinations of corn and soybean oil meal.
The relationships between per cent protein in the ration and time to obtain given
weight were obtained through regression equations of the general type T = f(C,P),
where T refers to total time in days, C refers to pounds of corn and P refers to pounds
of soybean oil meal. These equations in conjunction with the gain equations allow predictions of (1) time to reach market weight, (2) average daily gain, and (3) added gain
for an added day's feeding.
Comparisons are made from the employment of several alternative equations including the Cobb-Douglas, quadratic cross-product, quadratic square root and quadratic
ratio equations. The Cobb-Douglas equation was fit over the weight range from weaning
to 200 pounds {over-all equations) and also for "the weight ranges from weaning to 75
pounds, 75 to 150 pounds, and 150 to 200 pounds (interval equations). While a completely
objective means of choosing the most appropriate equation is not available, it would
appear from looking at the statistical tests, scatter diagrams, and the logic involved
in each equation, that the interval equations are more appropriate than the over-all
equations. It appears that the interval Cobb-Douglas, quadratic square root or quadratic ratio equations are more appropriate for this data than the other two equations
tested. The interval Cobb-Douglas gain equations and the quadratic square root time
equations were selected for use in this study. Comparisons were also made for the
different experiments and for rations with and without aureomycin.
The data derived through the regTession equations are used to s·pe<;ify (1) least-cost
rations, (2) optimum marketing weight, and(3) least-time rations; and to analyze maximum profit rations for hogs of differ<;nt weights.

1Doctoral thesis no. 1544, submitted June 2, 1954. Chairman or Connnittee, Earl o.
Heady, Depart~ent or Sconomice and Sociology.
2B.A., University of New Hampshire, Durham, N.H., 1948. M.s., Iowa Stats College,
Ames, Iowa, 1951. Graduate Assistant, Agricultural Experiment Station.
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.A ration is least-cost when the price ratio of the two feeds is inversely equal to the
substitution rate. Starting with the price ratio (price of soybean oil meal/price of corn)
one can easily determine the least-cost ration, the length of the fee.d ing period, the
added cost of the least-time ration and other relevant data needed in making decisions.
Thus, if soybean oil meal costs twice as much as corn, the least-cost-ration is that
level of protein at which one pound of soybean oil meal would replace two pounds of
corn. This would be a 16.0 per cent protein for small pigs, 11.3 percent for the intermediate weights, and IO. I per cent for the heavy weights. It would take 609 pounds of
corn, 60 pounds of soybean oil meal, and 121 days to get a 34 pound pig in the market at
225 pounds. This would be a feeding period 16 days longer than would be required for
the least-time ration requiring 527 pounds of corn and 131 pounds of soybean oil meal.
This data is presented in (I) table form, (2) a slide rule wheel, and (3) the nomograph
approach.
Tables are presented to assist in determining the added costs and returns from adding 25 pounds of gain to I 75 and 200 pound hogs with different rations. This is done by
indicating the selling price needed to break even if the 25 pounds were added, in contrast to marketing the hogs at the lighter weight.
Costs and returns are presented for the past 16 years, comparing the least-cost
and least-time rations for November 1st and November 15th farrowing dates. For a
November !st farrowing date, there was only one year out of the 16 where the leasttime ration was more profitable than the least-cost ration. For the November 15th date,
there were two years for which the least-time ration was more profitable.
Multiple correlation coefficients, standard errors and values oft for statistical tests
of significance are listed in the appendix.

CROSS COMPATIBILITY RELATIONSHIPS .AMONG SPECIES OF .AVEN.A 1
FR.ANGIS JOHN ZILLINSKY 2
Departments of .Agronomy and of Genetics
.Although considerable information has accumulated from other investigations, the
relationships among the chromosomes of the three karyological groups of the genus
.Avena have not yet been definitely established. Crosses were made among eight .Avena
species representing the diploid, tetraploid, and hexaploid groups. The percentage
seed set of the crosses and the relative self-fertility of the F 1 hybrids were determined.
Crosses which failed to produce seed and hybrids which were sterile on selfing were
studied to determine the most critical stages at which failures of the reproductive processes occurred.
Other factors which had a direct bearing on the problem also were studied . .As polyploidy is the most effective means of overcoming sterility in hybrids, it was of interest
not only to produce polyploids of the hybrids but also to determine the most effective
and practicable methods by which chromosome doubling can be obtained in oats. Six
methods using colchicine and one using acenaphthenewere investigated. Several crossing' techniques also were studied to determine their effect upon seed set and degree of
outcros sing.
Intraspecific crosses

and interspecific crosses among species having the same
chromosome number set seed readily. The percentage of germination of the seed was
very high and the F 1 hybrids were highly self-fertile . .A lower percentage of the crosses between tetraploid female x hexaploid male and tetraploid female x diploid male
produced seed. The seed, however, germinated readily but the F 1 hybrids were highly
sterile on selfing. When the hybrid was used as the female parent, seed was obtained
by backcrossing to both of the parental species. Crosses between hexaploid female x
tetraploid male produced only a few seeds, all of which failed to germinate. It was not
determined whether the failure to germinate was due to dormancy or inviability of the
seeds. Normal seeds were not obtained from crosses between hexaploid female x dip0

1Doctoral thesis no. 1549, submitted
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loid male, diploid female x tetraploid male, and diploid female x hexaploid male. Hybrids of the cross hexaploid female x diploid male have been reported by other investigators. Failure to obtain these hybrids in this investigation may have been due to too
few crosses attempted, the varieties used in the crosses, or to inadequate technique.
The most critical stage in the reproductive processes between cross - pollination and
ripening of the hybrid ·seed occurred at, or immediately after, fertilization. Although
crosses between~· strigosa x ~· sativa failed to produce normal seed, Z8.5 per cent
of all cross-pollinations resulted in fertilization and initiation of embryo and endosperm development. The progress of ovary development was determined by preparing
sections of the ovary taken at intervals of two, four, eight, and fifteen days after pollination and comparing the hybrid ovary development with that of the two parents. Embryo development in the hybrid was comparatively normal in the early stages of development and continued to grow up to eight days after pollination. Abnormal development
in the hybrid endosperm was observed at two days after pollination and remained abnormal until degeneration and complete collapse of the hybrid caryopsis resulted.
Failures in the development of viable gametes in the hybrid plants resulted from
abnormalities at meiosis. These effects were considerably more harmful to the male
gametes than to the female gametes, as determined by the higher seed set in backcrossing than in selfing. Microscopic observations on pollen condition provided a good
estimate of the male fertility of the hybrid.
Of the several methods studied to induce chromosome doubling in oats, the most
efficient and generally satisfactory, was the capping method. When tillers of the young
plants reached the two- to three-leaf stage they were cut off about one to two inches
above the soil and capped for Z4 hours with a glass vial containing 0.1 per cent aqueous
colchicine solution. Usually only some sectors of the plants were doubled. All attempts
to induce doubling with acenaphthene failed.
The following artificial polyploids were produced by colchicine treatment: autopolyploid of ~. strigosa (Zn= Z8); amphiploid of ~· abyssinica x ~· strigosa (Zn = 4Z};
amphiploid of~· abyssinica x ~· sativa (Zn= 70). Morphological differences between
the autotetraploid and normal diploid of~. strigosa were: increased stomata and pollen
size, increased length of the spikelet and reduced fertility. The amphiploid tillers of
the hybrids were morphologically very similar to the undoubled tillers except for improved pollen condition and increased self-fertility. Thepolyploids were not completely
fertile on selfing and ranged from 30 to 60 per cent of the parental varieties.
Crosses were made between the autotetraploid of~. strigosa and species from different groups to determine if doubling the chromosome number affected the seed set
following cross-pollination and the fertility of the resulting hybrids. When used as the
female parent, the autotetraploid ~· strigosa produced seed more readily than did the
diploid in crosses with the tetraploid and hexaploid species. The hybrid of the autotetraploid ~. strigosa x ~. abyssinica was very vigorous and partially self- sterile.
Crosses between autotetraploid ~· strigosa x the hexaploid species set seed readily but
the hybrids were self-sterile. Triploids from the cross autotetraploid x diploid A.
strigosa were easily obtained, vigorous, and partially fertile on selfing.
The study of crossing techniques provided some useful information towards improving efficiency in hybridization, but no new techniques were discovered to overcome the
failure to obtain hybrid seed in certain crosses by the standard crossing methods. Although a slightly higher seed set was obtained when crossing was done without the removal of the secondary floret, or without the protection of a glassine bag after pollination, a higher incidence of outcrossing accompanied the use of these methods under
field conditions. A very low frequency of outcrossing was obtained under greenhouse
conditions. The effect of time of day was more pronounced upon the availability of
ripe pollen than upon seed set following pollination.
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homemakers. Vocational Education.
Beavers, Irene. Vocational interests of
certain Home Economics Extension
personnel. Vocational Education.
Bell, Gordon Russell. Physiology of the
chemosynthetic autotroph Thiobacillus
thiooxidans. Bacteriology.
Bichel, Darwin Carl. Development and
performance of a corn cob processing
machine. Agricultural Engineering.
Blackmore, David W. Relationships
between rate of growth, leanness and
organ weights in swine. Animal
Husbandry and Genetics.
Bloss, Donald Ralph. Relationship of
certain factors to problems of seventh
grade pupils. Vocational Education.
Blue, Marts Donald. Orientation of silver fibers developed from silver
bromide crystallites exposed to plane
polarized light. Physics.
\j Boehnke, George Emmanuel. Opinions
of members and leaders concerning
the effectiveness of awards in the 4-H
program in Iowa. Economics and
Sociology.

Boehnke, Roger Harvey. Winter movements and covey composition of the
Eastern Bob- White, Decatur County,
Iowa, 1952-1954. Zoology and
Entomology.
v Bonnett, Joan Latherow. Fluctuations of
expenditures for living with changes in
incomes of Iowa Farm Business Association families, 1950-1952. Home
Management.
Borchers, Curtis Edward. Kinetics of
the Cerium (IV) - thallous reaction
in the presence of chloride. Chemistry.
Borduin, Wilfred George. Substituent
effects on the spectra and ionization
constants of diaroylmethanes.
Chemistry.
Bose, Ajoy Kumar. Sensitivity of
F-tests. Statistics.
Brandsaeter, Erling. Growth of psychrophilic bacteria in raw milk. Dairy
Industry.
Brennan, Robert H. Assimilation of
C 14 0z by Saccharomyces cerevisiae in
the formation of amino acids.
Bacteriology.
Brooks, Owen Arthur. Sex differences
in proportions and area evaluation of
certain equal-size forms. Psychology.
V Brown, William Galen. Economic instability and choices involving income
and risk in livestock production.
Economics and Sociology.
Bruns, David Lee. Employee morale
and the judgment of group opinions.
Psychology.
Bux:.zlaff, Henry August. Quick curing
of mixed fertilizers. Chemical
Engineering.
Busjahn, Selma Marcene. Problems and
experiences in home furnishings reported by Iowa high school girls in
vocational homemaking departments.
Vocational Education.
Calamari, James Anthony, Jr. Characterization of some polysaccharides by
partial acid hydrolysis. Chemistry.
Canfield, Milton Richard. Driving attitude changes in high school students
after viewing a stock car racing film.
Vocational Education.
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Carroll, William Thomas. Measurement
of empathic capacity of nursery school
children. Child Development.
Cathey, George W. Factors affecting
farming programs of 1952 Arkansas
State Farmers in Future Farmers of
America. Vocational Education.
Cebula, Richard Sigmund. Constants for
the design of continuous steel bridge
girders with variable moments of
inertia. Civil Engineering.
Clampitt, Richard Roy. Sociometric
status and supervisory evaluation of
institutionalized mentally defective
children. Psychology.
Coad, Roger Dean. Prestressing for
highway slabs. Civil Engineering.
Courson, Robert Gene, Slowing - down
length of neutrons in hydrogenous
media. Engineering.
Cowles, Harold Andrews. Vaporization
of water in a two-stage wetted-wall
column. Chemical Engineering.
Cox, Constance Elizabeth. Prediction of
cutworm outbreaks using light trap
data taken at Lethbridge, Alberta.
Statistics.
Grunden, Charles Walter. Techniques
in the estimation of a Mearns cottontail population. Zoology and Entomology.
Dale, Jim Enoch. Growth of conifers on
calcareous soils. Forestry and
Botany and Plant Pathology.
Damask, Arthur C. Internal friction
associated with precipitation in an
Al-Ag alloy. Physics.
Davey, Paul Oliver. Thermal conductivity of nickel. Physics.
Davy, William Curtis. Production of
calcium-magnesium phosphate fertilizer in a fuel-fired furnace. Chemical Engineering.
Deal, Bruce E. Kinetics of the reaction
between lithium and water vapor.
Chemistry.
Debbrecht, Frederick John. Determination of lead in lead sulfide ores.
Chemistry.
DeLong, Richard Allan. Effect of krilium
and PR-51 on stand establishment at
different planting depths in forage
crops. Agronomy.
Diehl, Justin Ward. Some derivatives of
1 0- ethylphenothiazine. Chemistry.
Dooley, John Allen. Scintillation counters
for slow neutrons. Chemistry.
Dorsman, Adrian Kryn. Zero-sequence
constants of multi-conductor cables.
Electrical Engineering.
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dos Santos, Aldo Franklin. Phosphorus
content of corn plants as an estimate
of soil phosphorus availability.
Agronomy.
Douce, Lowell Richard. Probing live
hogs of different ages to evaluate
carcass quality . Vocational Education
and Animal Husbandry.
Downes, William L., Jr. The Sarcophaginae of Io"'a with special reference
to the identification of females.
Zoology and Entomology.
du Toit, Schalk J.v.N. Analysis of
cattle ranching in the Eastern Kalahari, Union of South Africa.
Economics and Sociology.
Edwards, Richard Edmond, Jr. Analysis
of thorium-aluminum alloys.
Chemistry.
El Banna, Abdel Rahman Safwat. Effectiveness of recurrent selection for
plant characters in sweetclover, Melilotus officinalis Lam. AgronomY,-Ewen, Richard Lee. Measurement of the
thermal conductivity and specific heat
of nonmetallic solids by a transient
method. Mechanical Engineering.
Ferguson, Donald Paul. Validation of
the Iowa State College temperament
schedule for discriminating athletic
competitors. Vocational Education.
Field, Forest Arlen. Effectiveness of
laminated liquid- solid radiation
shielding. Engineering.
Ford, John Joseph. A titrimetric determination of thorium. Chemistry.
Fortney, Cecil Garfield, Jr. Cleaning
sanitary pipe lines in-place. Food
Technology and Dairy Industry.
Foss, Sally Jean. Flavor and functional
properties of untreated, oiled and
thermostabilized eggs after storage
at 34 ° F. Foods and Nutrition.
Gard, Vernon William. Relationships
between certain socio-eG_onornic
factors and size of High Schools in
Iowa incorporated towns of less than
one thousand population. Vocational
Education.
Giltner, Robert Francis. Petrology of
the Morrison limestones of central
Colorado. Geology.
Girtner, Darrel Dean. Analysis of continuous arches. Civil Engineering.
Goche, Leo Nicholas. Relationship of
interests and temperament traits to
survival in engineering curricula.
Vocational Education.
Graf, Gerard E. Effect of some mitotic
poisons on C0 2 fixation in roots.
·Genetics.
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Grantham, LeRoy Francis. Kinetics of
v
chloride exchange in aqueous chloridetetrachloroplatinate {II) system.
Che mis try.
Green, Robert Ware. Soil moisture as
influenced by cropping practices and
meteorological conditions. Agronomy.
Hall, William Franklin, Jr. Continuous
countercurrent liquid-liquid extraction
of monazite rare earths. Chemical
Engineering.
Halter, Albert Nelson. Changes in the
organization and productivity of farm
resources in Iowa agriculture, 19101950. Economics and Sociology.
Hamilton, James Edward. Implications
for adult education in agriculture from
responses of participants in the veterans farm training program in the central region. V. Methods of improving
instruction. Vocational Education.
Hampton, Richard Owen . Comparative
pathogenicity of pythiaceous fungi on
corn. Botany and Plant Pathology.
Handy, Richard. Petrography of selected
southwestern Iowa loess samples.
Geology.
Hartel, Paul. History of the Iowa Industrial Education Association. Vocational Education.
Harvey, Dorothy McDonald. Graphic
displays and legends for teaching crafts
in home demonstration and adult education. Applied Art.
Heemstra, Frank William. Thermionic
work functions of some rare earth
borides. Physics.
Heer, John Frederick. Directional
accuracy of farm price predictions
published .in the Iowa Farm Outlook
Letter (July l, 1948, to July l, 1951).
Technical Journalism.
Hennemuth, Richard C. Growth of the
crappies, Pomoxis nigro-maculatus
(LeSueur) and P. a=ularis Rafinesque
in Lake Ahquabi. Zoology and Entomology.
Hertzberg, Grover Robert. Effect of
moisture content, assembly time and
gluing pressure on shear strength of
hard maple joints forrr.ed with Liquidhide glue. Forestry.
He rum, Floyd Lyle. Comparison of corn
harvesting methods. Agricultural
Engineering.
Hilton, James Lee. Effects of mercurial
compounds on the malic dehydrogenase
of Myrotheciurn verrucaria. Botany
and Plant Pathology.
Holloway, Albel't L. Factors influencing
viability of bovine spermatozoa.
Veterinary Physiology and Pharmacology.

Hoover, Dale Max. Economic analysis
of price support proposals for corn
and oats. Economics and Sociology.
Hunter, Donald James. Derivatives of
production surfaces and marginal coefficients for economic analysis of
fertilizer application on red clover
hay. Economics and Sociology.
Jacobs, Edgar Max. A set of maximum
likelihood estimates of the marginal
rate of substitution. Statistics.
Jaselskis, Bruno. Polarography of vitamin B 12 r and B 12a. Chemistry.
Jones, James Thomas, Jr. Radiations
from ceriurnu.1 • Physics.
Kelton, Leonard Alexander. Evaluation
of characters for genera and subgenera of the ~ complex {Herniptera, Miridae). Zoology and Entomology.
Kirk, Lee K. Packaging of nursery stock
for shipment to retail markets.
Horticulture.
Klonglan, Eugene DaWayne. Factors
influencing the fall roadside census of
the ring-necked pheasant (Phasianus
colchicus Linnaeus) in Winnebago
County, Iowa, 1952. Zoology and
Entomology .
Kniseley, Richard N. Response of photographic emulsions to light intensities
in prism and grating spectrographs.
Chern is try.
Korbitz, Frederick William, Jr. Effectiveness of sand-boron-carbon mix":
tures for radiation shielding.
Engineering.
Krieguer, Rosemary Louise. Certain
factors related to cl)oice of friends by
tenth-grade girls. Vocational Education.
Kwolek, William Francis. A statistical
comparison of the relative importance
of variables used in evaluating European corn borer, {Pyraueta nubilalis
{Hbn. )), damage and infestation.
Statistics.
Leupold, Hazel Alice. Managerial implications of home-freezer use by
farm families in Story C aunty, Iowa.
Horne Management.
Lewie, Charles John. Development of
improved pig starters. Animal
Husbandry.
Lewis, Dorothy Booth. Relation between
selected variables of family living and
personal and social behavior of childhood. I. Children's perceptions of
certain family controls of behavior.
Child Development.
Lewis, Robert Welle. Tensile properties
of metals in the inelastic range of
stress. Theoretical and Applied
Mechanics.
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Little, Morris Clifford. Leadership
Nadler, Marion Ronald. Preparations
qualifications of advisers of Negro
and properties of calcium zirconite.
4-H club boys in Georgia. Vocational
Ceramic Engineering.
Education.
(..... Nelson, Linda Jean. Present and preLittlefield, Sarah Wells. Technique for
ferred kitchen facilities of selected
measuring understanding of pattern
rural women of Turrialba, Costa Rica.
alteration by college students.
Home Management.
Vocational Education.
Nelson, Norman Meinecke. Alfalfa seed
Lodge, James Robert. Influence of
and forage production in relation to
aureomycin on in vitro cellulose
boron fertilization on certain Iowa
digestion by bovin~men microsoils. Agronomy .
organisms. Animal Husbandry.
Norris, Dale Melvin, Jr. In sects as
Low, Roger Dean. Symmetrical deformpossible vectors of the oak wilt organation of circular cylinders possessing
ism, Endoconidiophora fagacearurn
transverse cylindrical aeolotropy.
Bretz. Zoology and Ertomology.
Mathematics.
O'Herron, Rosalie Ellis. Development
Luce, Gordon Raymond, Jr. Effect of
of a training program for student emsome thiouracils on the growth of a
ployees in a college food service.
fish, Lebistes reticulatus (Peters).
Institution Management.
Zoology and Entomology.
Olson, Keith William. Variations of
Lyle, Mary Frances. College students'
electrophotolurninescence phenomena
with frequency of applied field. Physics.
choice of dress designs when matched
to people's faces and drawings of those v Ose, Odale Jennings. Uncompensated
faces. Textiles and Clothing.
consequential costs and alternative
methods of compensating people damh
cCart, Gerald Davis. Soil use in Tama
County, Iowa. Agronomy.
aged by flood control reservoirs.
McKee, Dean Elgar. Scale associated
Economics and Sociology.
Papadopoulos, Demetri Constantine.
with decreasing and increasing costs
Effects of warmup treatments on
in cash grain farming. Economics
and Sociology.
psychrophilic bacteria in pasteurized
milk. Dairy Industry.
v' Macy, Bruce Wendell. Structural forces
Pattillo, Walter Hugh. Preliminary
affecting future export supplies of
histochemical studies on Eimeriae of
agricultural products in Argentina and
chickens. Zoology and Entomology.
Australia. Economics and Sociology.
Pauls, John Frederick. Effect of selec(._,--Maki, Wilbur R. Economic framework
tion of experimental units on experifor financing cooperatives. Economics
mental error. Statistics.
and Sociology.
Martens, Clarence Clifford. Educational v Perez, Silvia Lopez. Problems in the
handicraft program of the Extension
achievement of eighth grade pupils in
Service \n Puerto Rico with recomcertain town and one-room rural
mendations for solution. Vocational
schools in Iowa. Vocational Education.
Education.
Martinek, Harold. Development and prePhillips, Donald Lee. Investigation of
liminary evaluation of a test of mechstresses and deflections in a corruanical ingenuity. Psychology.
gated metal pipe culvert under a high
Maxson, Georgia Rae. Measured personearth fill. Civil Engineering.
ality changes with situational stress.
Phipps, Philip Lowell. The half lives of
Psychology.
·
some short lived, low Z nuclei formed
Meshadani, Mahoud Hassan. Estimating
by photonuclear reactions. Physics.
the factor loadings by the maximum
Phipps, Robert Gene. Prediction of
likelihood method. Statistics.
physics achievement in Clinton High
Meyer, Joan Callaghan. Reduction of
School. Vocational Education.
selected types of frustration in childPippett, Lloyd Anderson. Evaluation of
ren through the creative use of mateindustrial arts subjects in East High
rials. Child Development.
School, Sioux City, Iowa. Vocational
/ Morrill, John Barstow. Prairie flora on
Education.
the Missouri River bluffs of western
Plaisted, Robert LeRoy'. Field plot
Iowa. Botany and Plant Pathology.
techniques for estimating onion yields.
Mosing, Lionel Wadell. Differences beHorticulture.
tween normals and abnormals in the
Pletke, Leon Ray. Temperature distriperception of serially distorted combution in a metal cylinder containing
mon objects. Psychology.
a heat source. Engineering.
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Poulsen, Jenniev Jorgens e n. Resources
Singer, Mary Edna. Household possesfor rural living in the economic areas
sions to be cleaned and economic status
of Utah. Home Management.
related to cleaning equipment of famQuiambao, Carmen Sanchez. Children's
ilies in Guelph, Canada. Horne Manperceptions of certain affectional
agement.
family relationships. Child DevelopSkinner, Robert Lee. Relationship bem e nt.
tween certain physical measurements
Reiling, Theodore Paul. Virus diseases
and the fat, water, and dry matter
of geraniums. Horticulture.
content of hog carcasses. Animal
Reuber, Herbert W. Arteriography of the
Husbandry.
cyclic estrual changes in the internal
Smith, Charles M ortirner. Absorption
genitalia of the cow (Bos taurus).
of phosphorus by oats and alfalfa as
Veterinary Obstetric;:- - - affected by time, rate, and method of
Rhetta, Henry Stevens. Effects of using
application of super phosphate.
Agronomy.
audio-visual aids in teaching hand tool
safety in seventh grade industrial arts . \ / Smith, Dirk Jacobus G. Effect of price
Vocational Education.
support measures on the relative
Roberts, Charles Yantis. Effects of calprices and production pattern of corn,
cium and phosphate supplementation on
oats, and soybeans in north central
Iowa. Economics and Sociology.
growth performance and skeletal composition of growing-fattening swine.
Smith, Merrill Eaton. Effect of clamping
Animal Husbandry.
pressures on strength of glue joints
used in industrial arts shops.
Robbins, Russell Lee. Efficiency of the
Ohio Game Flushing Bar under Iowa
Vocational Education.
conditions. Zoology and Entomology.
Snyder, Albert William. Device for deRogness, Milton Lander. Recommended
tection and identification of charged
use of archite ctural acoustical mateparticles from photonuclear reactions.
Physics.
rials for the control of noise within
Sorenson, Richard M. Influence of type
existing single family frame dwellings.
Architectural Engineering.
of road on the cost of public school
Rohlf, Marvin Eugene. Variability of
transportation in Iowa. Vocational
Education.
commercially produced meat and bone
scraps. Animal Husbandry.
\ /Spratt, Bessie Winifred. Development
of the home economics curriculums of
Rowe, James Russell. Frequencies of
Iowa State College from 1923 to 1953.
vibration for a family of swept trianguVocational Education.
lar plate wings. Aeronautical Engi Stanley, Fred C., Jr. Performance
neering.
characteristics of a Faraday type AC
Samvik, Ulla lngegerd. Effect of differelectromagnetic pump. Engineering.
ent levels of dietary protein and calStebbins, Florence Jane. Organization
ories on nitrogen balance of rats.
and management of church food servFoods and Nutrition.
ice. Institution Management.
Schaefer, Reed Norman. Prediction of
JSteinert, William Frederick. Some facfirst quarter achievement in four divtors related to the passage of school
isions of Iowa State Colle ge. Vocationbond issues in Iowa. Vocational
al Education.
Education.
Schaffner, Joseph Clarence. A survey of
Stone, Ray B. Accidents and their causes
insect parasites of lepidopterous lar in selected industrial arts shops of
vae found associated with corn fields.
Iowa. Vocational Education.
Zoology and Entomology.
utherland, William Neil. Effect of soil
Schark, Allen Edward. Factors related
type differences on land use and soil
to cooking quality in potatoes.
management practices in Shelby
Horticulture.
County, Iowa. Agronomy.
v Seaton, Robert Lee . Canadian-American
Taylor, John Michael. Adjusting the
economic relations, 1940-1950.
live weight of pigs to 154 days.
History and Government.
Animal Husbandry.
Ser at, William Felkner. Properties of
Tench, Robert Norman. The paleontology
phenylthiohydantoins derived from
of some loess-like deposits of Story
amino acids. Chemistry.
County, Iowa. Geology.
Shadle, Owen J. Evaluation of a High
Thrall, John Robert. Stability and validSchool diversified occupations progity of the strong vocational interest
ram by analysis of job adjustment of
blank in the prediction of success in
selected graduates. Vocational
veterinary training. Psychology.
Education.
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Torres, Jose Rodolpho. Factors affecting gains of swine in a herd at Vicosa
in Brazil. Animal Husbandry.
Truesdell, Albert B. Accuracy of clinical judgements of attrition or survival of students in engineering training.
Psychology.
Tschopp, Herbert F. Relationship between size of school professional
preparation, experience, and salaries
of teachers in Iowa cities with more
than 2500 population. Vocational
Education.
Tsien, Wei Shiang. Value of torula yeast
for growing-fattening pigs. Animal
Husbandry.
Vergin, Eleanor Alice. Function of the
Home Management House in providing
managerial and technical experience in
homemaking for undergraduate students.
Home Management.
Verma, Ravi Datt. The residual effects
of phosphorus fertilizers in three Iowa
soils as shown by chemical and radiochemical studies. Agronomy.
Vest, Billy Dale. Evaluation of the secondary school curriculum by McCallsburg High School graduates.
Vocational Education.
~Voth, Alden Harry. Economic limits of
a price-support program for hogs.
Economics and Sociology.
Watson, H. Ross. Relationship of the
establishment of the European corn
borer (Pyrausta nubilalis Hubn.) to
the development of the corn plant.
Zoology and Entomology.
1
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Weekley, William Washington. Influence
of size of district upon cost of school
transportation in Iowa. Vocational
Education.
Weissmann, Robert Charles. Petrography of some Iowa limestones.
Geology.
White 1 Marjorie Layne. Generalizations
to be under s toad at the end of a dietetic internship. Foods and Nutrition.
Wickersham, Thomas W. Utilization of
pasture forage by grazing and by feeding clippings in drylot to fattening
cattle. Animal Husbandry.
Willis, Wayne Owen. Wetting and drying,
freezing and thawing in soils treated
with organic chemicals. Agronomy.
Winterowd, George Cecil. Influence of
William LeBaron Jenney on the development of the skyscraper.
Architectural Engineering.
Worthman, Robert Paul. Anatomical
and radiographic observations of the
sinus vertebrales longitudinales of
Canis familiaris. Veterinary Anatomy
~ eterinary Physiology.
Zimmack, Harold Lincoln. Distribution
and biology of~a pyraustae
Paillot, a parasite of the European
corn borere, Pyrausta nubilalis
{Hubner). Zoology and Entomology.
Zink, Charles E. Predicting type of
employment from school records of
machine shop students in Sioux City.
Vocational Education.

PUBLICATIONS OF MEMBERS OF THE STAFF
OF THE IOWA STATE COLLEGE FOR
THE ACADEMIC YEAR 1953-54
Certain summaries and indices are of interest in a survey of the publications of
members of the staff of an educational and research institution such as the Iowa State
College. The publications are listed in alphabetic order under the names of the senior
authors. Junior authors are also listed alphabetically with cross reference to senior
author.
SUMMARY
Number of individuals listed • . . .
Number of publications
Number of publications with joint authorship
Number of publications with single author . .
Number of departments or fields represented in publications
Number of individuals who serve as editors or on the editorial staff of
one or more scientific or technical periodicals . . . .

699
698
413
285
44
30

The individuals thus serving are: Ayres, Bolton, Brasier, Buchanan, Borroughs,
Davis, Douglas, Dwelle, Fassel, Getty, Gilman, Gould, Gowen, Hartley, Hazel,
Heady, Heer, Hooker, Kehlenbeck, Kempthorne, Kutish, Lunden, Melamply,
Parks, Ross, Shull, Sprague, Tintner, Twogood, Webe r.

INDEX TO PUBLICATIONS BY DEPARTMENTS OR FIELDS
The numbers which follow the names of the departments refer to the index number of the alphabetic list by authors.
Bacteriology: Total 30 - Numbers 13,
Aeronautical Engineering : Total l 14, 23, 66, 67, 68, 69, 70,
Numbers 475.
71, 72, 73, 74, 96, 121, 216,
Agricultural Engineering: Total 27 369, 414, 415, 417, 418, 419, 490,
Numbers 15, 26, 27, 45, 46, 47, 48,
500, 524, 556, 557, 566, 624, 663,
85, 140, 260, 261, 262, 263, 264,
672,
309, 320, 321, 361, 362, 450, 451,
Botany and Plant Pathology: Total 62 452, 476, 477, 572, 573, 613, 654,
Numbers
9, 18, 31, 32, 33,
693.
42, 56, 98, 112, 144, 153, 196,
Agronomy: Total 83 - Numbers 1, 4, l 0,
213, 214, 222, 279, 280, 298, 320,
24, 43, 49, 84, 85, 87, 88,
348, 350, 351, 352, 35}, 371, 372,
101, 122, 128, 143, 149, 195, 200,
373, 374, 383, 394, 395, 414, 415,
201, 212, 219, 220, 221, 224, 229,
435, 436, 437, 438, 439, 479, 513,
241, 242, 243, 244, 245, 246, 247,
516, 518, 519, 525, 527, 560, 579,
248, 281, 297, 309, 310, 323, 327,
584, 585, 586, 612, 615, 629, 632,
337, 338, 359, 368, 382, 383, 384,
633, 634, 644, 656, 657, 658, 659,
385, 389, 401, 426, 427, 465, 485,
660.
486, 511, 520, 535, 545, 546, 547,
Clothing and Textiles: Total l. Number
552, 554, 555, 559, 560, 561, 562,
533.
571, 581, 586, 611, 614, 622, 631,
Ceramic Engineering: Total 1. Number
640a, 659, 664, 676, 678, 679, 680,
152.
682, 683, 686,
Chemical Engineering: Total 19.
Animal Husbandry: Total 41. Numbers
Numbers 3, 5, 6, 7, 8, 34, 35, 99,
28, 80, 81, 82, 83, 84, 85,
107, 119, 120, 138, 139, 365, 398,
104, 105, 106, 108, 109, 110, 114,
471, 472, 473, 595.
115, 116, 133, 134, 308, 309, 320,
Chemistry: Total 151. Numbers 2, 17,
321, 331, 332, 339, 340, 349, 375,
21, 22, 29, 36, 54, 55, 57,
381, 403, 421, 428, 466, 467, 498,
. 58, 59, 60, 61, 64, 65, 78,
524, 544, 609, 617, 618, 655.
100, 113, 114, 115, 116, 126, 127,
Architectural Engineering: Total l.
Number 367.
135, 136, 141, 152, 192, 193, 194,
(545)
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202, 203, 204, 205, 206, 21 7. 218,
226, 227, 228, 230, 231, 232, 233,
234, 235, 237, 238, 239, 240, 249,
250, 251, 259, 265, 266, 267, 268,
269, 270, 271, 272, 273, 274, 275,
276, 277, 278, 284, 285, 299, 300,
301, 313, 314, 315, 317, 318, 318a,
319, 345, 366, 367, 400, 402, 407.
408, 409, 410, 411, 458, 459, 460,
468, 469, 470, 474, 478, 484, 491,
498, 51 7. 523, 524, 526, 539, 548,
549, 550, 551, 553, 564, 570, 583,
589, 590, 596, 597, 598, 599. 600,
601, 602, 603, 604, 605, 606, 607,
608, 61 o, 619, 625, 626, 627, 628,
649, 650, 653, 661, 662, 665, 669,
670, 671, 675, 681, 687, 688, 689,
690, 692.
Child Development: Total 1. Number 521.
Dairy Industry: Total 10 - Numbers
142, 293, 311, 312, 399, 512, 522,
651, 652, 694.
Economics and Sociology: Total 57 Numbers
30, 37, 38, 39, 44,
105, 106, 124, 328, 329, 330, 331,
332, 333, 334, 335, 336, 337, 338,
339, 340, 341, 342, 343,. 354, 355,
356, 357. 376, 377, 386, 387. 388,
443, 444, 445, 446, 447, 448, 487,
488, 489, 515, 536, 537, 538, 575,
576, 577, 578, 621, 641, 642,643,
646, 647, 677.
Electrical Engineering: Total 3 Numbers 254, 360, 648.
Engineering Drawing: Total 2 Numbers 530, 531.
Engineering Extension Service: Total 6 Numbers 53, 322, 543, 591, 592, 593.
English and Speech: Total 3 Numbers 440, 441, 691.
Foods and Nutrition: Total 8 - Numbers
95, 96, 97, 225, 286, 442, 630, 640.
Forestry: Total 3 - Numbers 424, 449,
454.
Genetics: Total 12 - Numbers 9, 287,
288, 289, 294, 295, 302, 349, 381,
499, 541, 542.
Geology: Total 1 - Number 665.
History and Government: Total 10 Numbers 125, 252, 290, 291, 292,
464, 506, 507, 508, 540.
Home Economics Education: Total 3 Numbers 111, 117, 685.
Home Management: Total 1. Number 453.
Horticulture: Total 18 - Numbers 75,
76, 129, 145, 146, 147, 148, 149,
253, 391, 392, 393, 422, 423, 455,
456, 580, 645.
Information Service: Total 6 - Numbers
363, 364, 448, 514, 638, 684.
Household Equipment: Total 3 Numbers 197, 198, 199.

Institution Management: Total 2 Numbers 11, 12.
Landscape Architecture: Total 2 Numbers 635, 636.
Library: Total 2 - Numbers 62, 63.
Mechanical Engineering: Total 4 Numbers 57, 358, 569, 620.
Physics: Total 22 - Numbers 21, 99,
135, 136, 255, 345, 347, 400, 401,
407, 412, 425, 429, 461, 478, 492,
495, 496, 497, 587, 590, 631,
Poultry Husbandry: Total 7 - Numbers
19, 130, 131, 132, 225, 493, 494.
Modern Language: Total 4 - Numbers
150, 223, 390, 565.
Psychology: Total 5 - Numbers
123, 236, 316, 501, 502.
Science Administration: Total 1 Number 257.
Statistics: Total 28 - Numbers 20, 200,
282, 283, 296, 306, 307, 326, 335,
346, 349, 370, 378, 380, 381, 396,
397, 403, 416, 423, 534, 558, 588,
594, 621, 623, 639, 647a.
Theoretical and Applied Mechanics:
Total 8 - Numbers
78, 304, 430,
480, 481, 482, 483, 484.
Technical Journalism: Total 3 Numbers 462, 463, 510.
Veterinary Anatomy: Total 1 Number 258.
Veterinary Medicine and Surgery:
Total 4 - Numbers 16, 118, 379, 528.
Vocational Education: Total 6 - Numbers
77, 102, 666, 667, 668, 674.
Zoology and Entomology: Total 97 Numbers
20, 25, 40, 41, 50,
51, 52, 79, 86, 89, 90, 91,
92, 93, 94, 103, 137. 151, 154,
155, 156, 157, 158, 159, 160, 161,
162, 163, 164, 165, 166, 167, 168,
169, 170, 1 71, 172, 173, 174, 175,
176, 177, 178, 179, 190, 181, 182,
183, 184, 185, 186, 187, 188, 189,
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Daane, A.H., and F.H. Spedding. Methods of producing pure rare earth metals
as developed at Iowa State College. Jour. Metals 6:504-510. 1954.
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Davidson, D. T., and R. L. Handy. On the curious resemblance between fly ash
and meteoritic dust. Proc. Iowa Acad. Sci. 60:373-37·9. 1953.
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DeBoodt, M. F., and Don Kirkham. Anisotropy and mea-;-urement of air permeability of soil clods. Soil Sci. 76:127-133. 1953.
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Concerning the Catacaderinae of the worldlHemiptera:Tingidae) .
Arthropoda 1:153-166. 1950.
_ _ _ • The gen~s Parada Horvath (Hemiptera:Tingidae). Psyche 59:143-147.
1952 .
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• A new tingid from the Canal Zone. Proc. Ent. Soc. Wash. 52:299-300.
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Eriks, K., W.N. Lipscomb, andR. Schaeffer. TheboronarrangementinaB 6
hydride. Jour. Chem. Phys. 22:754-755. 1954.
Errington, Paul L. On Scandinavian literature in wildlife management and
ecology. Jour. Wildlife Mgmt. 17:393-397. 1953.
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Knight, Harry H., and James A. Slater. The taxonomic status of Oligotylus
Van Dazee and Leptotylus Van Duzee, with the description of a new species
of Psallus. The Pan-Pacific Ent. 30:143-145. 1954.
Knipp, J .K., T. Eghuchi, M. Ohta, a~ S. Nagata. Ionization of gas by electrons. Prog. Theor. Physics • .!.Q:l.4-30. 1953.
Kniseley, R. N., and V. A. Fass el. The effect of stray light in prism and grating spectrographs on emulsion calibration curves and its significance in spectrographic analysis. Jour. Opt. Soc. Amer. 44:390-393. 1954.
Kechi, J .K., and G.S. Hammond. Benzyl tosylat;°s Ill. The relative conjugative
aptitudes of acetylenic and ethylenic bonds. Jour. Amer. Chem. Soc. 75:3452..
1953.
•
and G.S. Hammond. Ben.z yl tosylates I. Preparation and properties. Jour. Amer. Chem. Soc. 75:3443. 1953.
, and G.S. Hammond. Benzyltosylates II. The application of the Hammett
~ation to their solvolysis. Jour. Amer. Chem. Soc. 75:3445. 1953.
Koenigsberg, E. Conductivity of thin films in a longitudinaTmagnetic field.
Phys. Rev. 91:8-9. 1953.
Kolbezen, M. J::- joint author. See under Gilman.
Koning, Alice L., and Howard L. Hamilton. Localization of enzyme systems,
nucleic acids and polysaccharides during morphogenesis in the down feather
of the chick. Arner. Jour. Anat. 95:75-108. 1954.
Korzenovsky, Mitchell, and C.H. we;krnan. Stoicheiometry of the citrulline
phosphorylase reaction of Streptococcus lactis. Biochem. Jour. 57:343-347.
1954.
, and C.H. Werkrnan. Conversion of citrulline to ornithine by cell-free
----;;ctr acts of Streptococcus lac tis. Arch. Biochem. and Biophys. ~: 174-185.
1953.
Kozicky, E.L., T.A. Bancroft, and P.G. Homeyer. An analysis of the woodcock singing ground counts, 1948-1952.. Jour. Wildlife Mgmt. }J!:l.59-2.66.
1954.
, joint author. See under Bancroft, Homeyer, Klonglan.
Kraft, A.A., and John C. Ayres. Color changes in packaged bologna. Food
Tech. 8:2.2.-2.6. 1954.
, and J.C. Ayres. Effect of display case lighting on color and bacterial
----g;-owth on packaged fresh beef. Food Tech. 8:2.90-2.95. 1954.
, and J.C. Ayres. Meat processing and packaging research: color changes
~packaged bologna. Nat. Provisioner 12.8:2.4-2.5. 1953.
Krenzin, R., joint author. See under Scholl.""'
Kueterneyer, Carol A. Assistant Editor, Iowa Farm Science.
, Publications Assistant, Iowa Agr. Exp. Sta. and Agr. and Horne Econ.
~t. Serv.
Kutish, Francis A. Editor, Farm Policy Forum.
Kutkuhn, J.H. Mid-summer fishing at North Twin. Iowa Conserv. _!1:41,44.
1954.
Lambert, M.R., N.L. Jacobson, R.S. Allen, and J.H. Zaletel. Lipid deficiency
in the calf. Jour. Nutr. 52.:2.59-2.71. 1954.
Lana, E.P., and W.D. Fro;;k. Growth responses of Cucurbita maxima (Duch.)
to insecticide treatment. Proc. Amer. Soc. Hort. Sci. 63 :2.89-2.96. 1954.
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4Z3. ___, P. J. Homeyer, and E.S. Haber. Field plot technique in vegetable crops.
Proc. Amer. Soc. Hort. Sci. 6Z:Zl-30. 1954.
, joint author. See under Homeyer.
~ E.I., joint author. See under Fritz.
4Z4. Lane, R.D., and A.L. McComb. Effects of grass competition upon the establishment of hardwood plantations in Iowa. Iowa Agr. Exp. Sta. Res. Bull.
399. pp. 434-459. 1953.
4Z5. Lane, R.O., and D.J. Zaffarano. Transmission of 0-40 kev ele'Ctrons by thin
films with applications to beta-ray spectroscopy. Phys. Rev •. 94:960-964.
l~.
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Lantz, H.L., joint author. See under Cott.
Larson, W.E. Response of sugar beets to potassium fertilization in relation to
soil physical and moisture conditions. Soil Sci. Soc. Amer. Proc. 18:313317. 1954.
, and W.H. Pierre. Interaction of sodium and potassium on yield and
~ion composition of selected crops. Soil Sci. 76:51-64. 1953.
Legates, J.E., and J.L. Lush. A selection index fur fat production in dairy
cattle utilizing the fat yields of the cow and her close relatives. Jour. Dairy
Sci. 37:744-753. 1954.
Legvold:-Sam., T.D. Rossing, andR.A. Walker. The role of triple collisfons
in excitation of milecular vibration in nitrous oxide. Nat. Adv. Comm. Aero.
Tech. Note 3Zl0. Z4 pp. May, 1954.
, joint author. See under Banister, Elliott, Kevane.
~e, M. L., joint author. See under French.
Lewis, W.M., joint author. See under Carlander.
Li, J.P. A note on the tipping of a moving block. Bull. Mech. Div. Amer.
Soc. Elec. Engr. 4:17-19. 1954.
Lilly, J.H. Chemicaicontrolofthecornrootworm. Proc. Ent. Soc. Amer.,
No. Cent. States Branch 9:Z7-Z8. 1954.
• Insecticidal control of the corn rootworm in 1953. Jour. Econ. Ent.
47:651-658. 1954.
• Treatments for soil insects. Proc. Ann. Hybrid Corn Ind. Res. Conf •
.!!_i76-9Z. 1954.
, and Harold Gunderson. Can we keep ahead of the bugs? Capper's Farm---;;-65:Z6,4Z-45. 1954.
Lipsc;;;;b, W.N., joint author. See under Eriks.
Liston, M. I., joint author. See under McKeegan.
Lloyd, L.E., joint author. See under Crampton.
Lloyd, N., joint author. See under Shellenberger.
Longenecker, J.G., joint author. See under Metzler.
Loomis, W. E. Fact6rea fisiol6gicas que podem limitar aa colheitas. Proc.
Cong. Pan-Amer. Agron. £:94-95. 1954.
. Growth and differentiation - an introduction and summary• in Growth
Differentiation in Plants. pp. 1-17. Iowa State College Pres7. 1953.
Growth correlation. in Growth and Differentiation in Plants. pp. 197--W. Iowa State College Pr;;is. 1953.
• Growth of crop plants. Proc. Assoc. Sou. Agr. Workers. 51:159-160.
--r9"54.
, and R.E. Frans. Third annual report A.A .R. weed control project.
--::;:;;er. Ry. Engr. Assn. Bull. 514. pp 67Z-676. 1954.
, joint author. See under Chapman, Fisher, Miller, Ragai.
- - - . Section Editor, Plant Physiology for Biological Abstracts.
- - - . Editor, Growth and Differentiation in Plants. Iowa State College Press,
--::;:;;es, Iowa. 1953.
• Editor, Board of Plant Physiology.
Lorch, F. W. Mark Twain's 'Sandwich Islands' lecture and the failure at Jamestown, New York, in 1869. Amer. Lit. Z5:314-3Z5. 1953.
• Mark Twain's 'Morale' lecture during the American phase of his world
~r in 1895-1896. Amer. Lit. Z6:5Z-66. 1954.
Lowe, B., M. Edgar, F. Schoenle\;';r, and J. Young. Cooking turkey in aluminum foil. Iowa Farm Sci. 8:3Z6-3Z8. 1953.
Lundberg, W. O., joint ~uthor .- See under Hammond.
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Lunden, Walter A. Penal institutions and informal educational procedures. in:
Moran Memorial Institute on Delinquency and Crime. Symposium edited by
H.A. Bloch. pp. 56-58. St. Lawrence University, Canton, New York. 1954.
_ _ _. Elementary Procedures in Social Research. College Book Store, Ames,
Iowa. 135 pp. 1954.
. Socio-legal norms of delinquents and non-delinquents (pp. 347-356. chap.
--zT}, and Antagonism and altruism among prisoners (pp. 447-460. chap. ZS),
in: Forms and Techniques of Altruistic and Spiritual Growth. A Symposium
ed. by P.A. Sorokin, Harvard Res. Cent. The Beacon Press, 476 pp. 1954.
_ _ _ . Membership migration and congregational stability . Lutheran Companion. 99:12-14. 1954.
. Juvenile delinquency in Japan pre-war, war and post-war. Jour . Crim.
--r:;w, Criminology and Police Sci. 44:4Z8-43Z. 1953.
, and William Johnson. Inmate Publications and the Reader's Digest.
---prison World 16:Z5-Z6. 1954.
- - - • Abstract Editor for Excerpta Medica, (Amsterdam, Netherlands).
Lush, Jay L., joint author. See under Bancroft, Homeyer, Jessen, Kempthorne,
Legates.
Lutz, John C., joint author. See under Drake.
Lyle, Mary S., joint author. See under Williamson.
McClelland, J.E., joint author. See under Hunter.
McComb, A.L., Chairman, Committee on Bibliography, Forest Soils Research,
Abstracts and Citations from the Literature. Part Ill. 66 pp. Soil Sci. Soc.
Amer . 1953.
, joint author. See under Lane.
~nnell, J. L., joint author. See under Hoyt.
McFarland, R.H., joint author. See under Shellenberger.
McFate, K.L. Milkhouse heating with a dual purpose water heater. Iowa State
College Bull. A.E. 755. 37 pp. 1954.
. Heating a milkhouse with a water heater. Iowa Farm Sci. 8:333-336.

---r9'53.

-

, C.E. Worlan, and D.L. Calderwood. Electrical use in rural Iowa. Iowa
--stite College Bull. A.E.785. 70 j>p. 1954.
McKeegan, M., and M. L. Liston. Techniques and problems of presenting homemaking television programs. Jour. Home Econ. 46:384-386. 1954.
McKee, D., joint author. See under Catron.
McKimpson, G.E., joint author. See under Quinn.
McKinley, Marjorie M., joint author. See under Augustine.
McWilliams, R.M., joint autho1'. See under Burroughs, Hale .
Ma.a, Tsing-Chao, joint author. See under Drake.
MacDonald, G.B. Evolution of the Ames foresters. Ames, Forester. 41:4-18.
1954.
, joint author. See under Hendrickson.
Macy, I., joint author. See under Thomas.
Mahlstede, J.P. Principles of rotting softwood cuttings of deciduous shrubs.
Proc. Plant Propagators Soc. 3:140-150. 1953.
. Propagation of house plants. Trans. Iowa State Hort. Soc. !!!:1ZZ-1Z7.
--r9'53.
Manderscheid, L. V., joint author. See under Shepherd.
Manresa, Miguel Jt. The occurrence of phanerozoites of Plaamodium lophurae
in blood-inoculated turkeys. Jour. Parasit. 39-:452-455. 1953.
Margerum, D. W., and C. V. Banks. Spectrophotometric determination of iron
in vanadium, chromium, manganese, nickel, and zinc. Anal. Chem. l!>:ZOOZOS. 1954.
, C.H. Byrd, S.A. Reed, andC.V. Banks. Preparation and properties of
--z:\hydroxy-3, 6-diaulfo-1-naphthylazo}-benzenearsonic acid (Thorin). Anal.
Chem. Z5:1Zl9-1ZZ1 °. 1953.
Margerum:-s.L., joint author. See under Fritz.
Margoshea, M., F. Fillwalk, V .A. Fassel, and R.E. Rundle. Relation between
hond length and stretching frequency for the carbonyl group. J our. Chem.
Phys. ZZ:381-38Z. 1954.
Martin, 0:-s. Jr., joint author. See under Schupp, Waterbury.
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Martin, T.G., G.E. Stoddard, and A.R. Porter. The effects of added corn
meal and dried whey and of moisture level on the preservation of alfalfa
silage. Jour. Dairy Sci. 35:1076-108l. l 95l.
Marvin, K.R. Educators recognize businesspaper impact. Quill 4l:l5-16. 1954.
, and J.P. Dodds. What does the Iowa farmer want from ne;;;;paper mar-W news? Iowa State College Department of Technical Journalism. l8 pp.
1954 .
Mashek, J.R. Iowa chapter, in: Presidential Nominating Politics in 195l.
Volume IV, The Mid West. Johns Hopkins Press. 330 pp. 1954.
Matzinger, Dale F. Comparison of three types of testers for the evaluation of
inbred lines of corn. Agron. Jour. 45:493-495. 1953.
Max, M., joint author. See under Johnson,
Melampy, R. M., and L. F. Cavazos. Effects of castration and testosterone
propioniate on histochemical reactions of rat seminal vesicles. Endocrinology
5l:l73-187. 1953.
, and L. F. Cavazos. Effects of pantothenate deficiency on mouse seminal
~icles. Fed. Proc . 13:98-99. 1954.
, joint author. See ~der Cavazos.
- - - . Editor, Conference on F e male Reproduction in Farm Animals at Iowa
-st.lte College. Iowa State College Jour. Sci.~:1-138. 1953.
Meldrum, H. R., joint author. See under Dumenil, Hanway.
Mendell, F.H., joint author. See under Hendrickson .
Metzler, D.E., Miyoshi Ikawa, and E.E . Snell. A general mechanism for vitamin B6-catalyzed reactions. Jour. Arner. Chem. Soc. 76: 648-65Z. 1954.
, J.B. Longenecker, and E . E. Snell. The reversibl;-catalytic cleavage of
~droxyarnino acids by pyridoxal and metal salts. Jour. Amer . Chem. Soc.
76 : 63 9-644. 1954.
, Joanne Olivard, and E.E. Snell. Transarnination of pyridoxamine and
-,u;;ino acids with glyoxylic acid. Jour. Arner. Chern. Soc . 76:644-648. 1954.
Michalos, James. Numerical analysis of frames with curved girders. Proc.
Arner. Soc. Civil Engr.Sep. No. l50. 1953 .
• Numerical analysis of continuous frames in space. Proc. Arner . Soc.
-civil Engr. Sep. No • . l61. 1953 •
• Space Frames and Curved Girders. Reprints of nos. 471 and 47l,above,
---r;;;ued by Iowa Engr. Exp. Sta. E.R. No. 18 . 38 pp. 1953-54.
• Influence lines by corrections to an assumed shape. Trans. Arner. Soc .
-civil Engr. l 18:113-ll7. 1954.
Middlebrook, M-:-:-joint author. See under Fox.
Miller, F.A., joint author. See under Hansen.
Miller, G.H. Vacuum cold trap. Rev. Sci. Instr. 1,1:549-550 . 1953.
, joint author. See under Herwig.
Miller, H.N., joint author. See under Gowen.
Miller, J.C., joint author. See under Kehr.
Miller, J.T . , joint author. See under Shrader.
Miller, L.S., joint author. See under Gilman.
Millett, M . L., Jr. Fundamentals and professional thinking. Jour. Engr. Educ.
44:431-434. 1954.
Milner, M., joint author. See under Shellenberger.
Moore , R. W., joint author. See under Allison.
Morford, V. J. Farm and Dairy Mechanics. The Burgess Pub. Co., Minnesota
95 pp. 1954.
Farm Arc Welding. The James F. Lincoln Arc Welding Foundation
~6 pp . 1954.
Morinaga, H., and D. J. Zaffarano. Radioactive isotope separation by nuclear
recoil. Phys. Rev. 93: 14ll. 1954.
Moyer, E., joint au tho;:- See under Thomas.
Mo.J.ler, L.E., and W.E. Loomis. Leaf waxes and herbicidal sprays. Proc.
N. Cent. Weed Control Conf. 10:76. 1953.
Murphy, Glenn. The integration Or graduate work in engineering by means of
analogs. Mech. Div. Bull. 4 :3-8. 1954.
• Nuclear energy for peace. Iowa Homemaker. 33:11,l4. 1953.
- - - A report on the university of Illinois summer institute conference on
~id state physics in the engineering curriculum. Jour. Engr. Educ. 44:
494-498. 1954.

STAFF MEMBER PUBLICATIONS, 1953-54
483.
484.

485.
486.

487.
488.
489.

490.
491.

492.

493.
494.

495.
496.

497.
498.

499.
500.
501.
502.

503.
504.
505.

569

Murphy, Glenn. Properties of uranium (Exact title classified). Classified
Summary, Atomic Energy Commission. 4 pp. 1954.
_ _ _, and R. T. Othmer. Properties of uranium (Exact title classified). Pree.
Classified Meeting, Atomic Energy Commission. 8 pp. 1954.
, joint author. See under Burian.
Murphy, H.C. Registration of oat varieties, XVIII. Agron. Jour. 45:568-570.
1953.
, J.L. Robinson, and R.E. Atkins. The new clintland oats. Iowa Farm
---sci.. 8:347-348. 1953.
_ _ _, J7,int author. See under Finkner, Frey, Poole, Simons.
Murphy, M., joint author. See under Chittenden.
Murray, W.G. Agricultural Finance. 3rd ed. 419pp. Iowa State College Press,
Ames, Iowa. 1953.
Farm land values dip 5 per cent. Iowa Farm Sci. 8:402-403. 1954.
How much is your farm worth? Iowa Farm Sci. 8:427-429. 1954.
Nagata, S., joint author. See under Knipp.
Neidt, Charles 0., joint author. See under Wert.
Nelson, F.E., joint author. See under Deane, Graham, Peters, Potter, van
der Zant.
Nelson, E. V., and S.K. Shapiro. Pyrimidine biosynthesis in Aerobacter
aerogenes. Jour. Bact. 67:692. 1954.
Nevitt, T.D., and G.S. Hammond. Elimination reactions from the 1, 2-dimethyl
cyclohexyl system. Jour. Amer. Chem. Soc. 76:4121. 1954.
, joint author. See under Hammond.
Nichols, R.T., and E.N. Jensen. Radioisotope P". Phys. Rev. 94:369-371.
1954.
Norberg, E., joint author. See under French.
Nordin, P., joint author. See under French.
Nordskog, A. W., and O. J. Cotterill. Breeding for egg quality. II. Sampling
hens for interior quality. Poultry Sci. 32:1051-1054. 1953.
, and E.L. Johnson. ·Breed differenc;s in response to feeding antibiotics.
---poultry Sci. 32:1046-1050. 1953.
, joint author. See under Cotterill.
Norman, A.G., joint author. See under Pierre.
Northrup, T.G., R.L. Nutter, andR.L. Sinsheimer. Refractive increment of
thymus nucleic acid. Jour. Amer. Chem. Soc. 75:5134. 1953.
, and R. L. Sinsheimer. Light scattering by t-;;bacco mosaic virus nucleic
~d. Jour. Chem. Phys. 22:703-707. 1954.
Nutter, R.L., joint author. s7e under Northrup.
Ohta, M., joint author. See under Knipp.
Olivard, Joanne, joint author. See under Metzler.
Olson, K. W. Variations in the decay of phosphorescence with frequency of
applied electric field. Phys. Rev. 92:1323. 1953.
Olson, R.H., R.S. Allen, N.L. Jacobson. Distribution in the young dairy calf
of orally administered F3 2 • Iowa State College Jour. Sci. 28:467-475. 1954.
Olson, R.O., joint author. See under Heady.
0' Mara, J.G. The cytogenetics of triticale. The Bot. Rev. !2_:587-605. 1953.
Othmer, R. T., joint author. See under Murphy.
Ott, John L., and C.H. Werkman. Formation of adenosine by cell-free extracts
of Escherichia coli. Arch. Biochem. and Biophys. 48:483-484. 1954.
Owens, W. A. Jr. Age and mental abilities - a longitudinal study. Gen. Psych.
Mon. 48:54. 1953.
The retest consistency of army alpha after thirty years. Jour. Appl.
~ych. 38:154. 1954.
, jointauthor. See under Clark.
p;;jdock, Floyd B. Report of the State Apiarist for 1953. State of Iowa. 87 pp.
1954.
Park, O. W. How bees make honey. Amer. Bee Jour. 94:296-298, 345-346. 1954.
• Determination of the incubation period of Bacillus larvae White, causal
--organism, of American foulbrood in honey bees (~ m~ra L. ). Pree.
Iowa Acad. Sci. 60:707-715. 1953.
, joint author .-See under Gowen, Rothenbuhler.
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Parks, W. Robert. Federal-state relationships in agriculture. in: Increasing
Understanding of Public Problems and Policies. (Farm Foundation} pp. llZ139. 1953 .
_ _ _ • Goals of democracy. !!!.: Increasing Understanding of Public Problems
and Policies. (Farm Foundation) pp. llZ-lZl. 1953.
The political prqcess and land tenure goals. in: Report of North Cent~ Land Tenure Research Workshop. (Farm Foundation) pp. 8-Z8. 1953.
, Editorial Board, Farm Policy Forum.
~on, M., joi nt author. See under Chadderdon, Chittenden.
Payne, ·L .C., joint author . See under Cheng.
Pazur, J.H., joint author. See under French.
Pearcy, W .G. Some limnological features of Clear Lake, Iowa. Iowa State
College Jour. Sci. Z8:189-Z07. 1954.
Pederson, John H. , joint author. See under Giese.
Pennell, Ellen. Women on TV. Burgess Pub!. Co. ZlO pp. 1954.
Pesek, J. T., and L. C. Dumenil. How much fertilizer pays? Iowa Farm Sci.
2_:3-6. 1953.
, joint author. See under Dumenil.
Peters, I. I., L. T. Kester, and F. E. Nels on. Production of water-insoluble
and butyric acids during cream deterioration. Jour. Dairy Sci. 36:799-807.
1953.
Peterson, D . T., joint author. See under Allison.
Peterson, G. W., and W. F. Buchholtz. Relative toxicity of legume seed protectants to two species of Rhizobium. Iowa State College Jour. Sci. Z9:95l 03. 1954.
Peterson, L.E., joint author. See under Fronk.
Pettijohn, W . J., joint author. See under Shrader.
Pettinga, C. W., joint author. See under Fox.
Pettit, Tom, and Bruce Weiser. T e levision news film at Iowa State. Jour.
University Film Prod. Assoc. 6:11-13. 1954.
Phillips, Richard, and Earl L . Ki-;;:g. Do you know your cooperative? Iowa
Inst. Cooperation, Ames, Iowa. 40 pp. 1953.
, joint author. See under Hansen, Robotka.
P'"kken, J.C., joint author. See under Bauriedel.
Pierre, W. H., and A.G. Norman. Co-Editors: Soil and Fertilizer Phosphorus
in Crop Nutrition. let ed. 49Z pp. Academic Press, Inc. 1953.
, joint author. See under Larson, Stanford.
Picklum, Warren E. Developmental morphology of the inflorescence and flower
of Trifolium pratense L. Iowa State College Jour. Sci. Z8:477-495. 1954.
Pidd, R. W., C. L. Hammer, and E. C. Raka. High-energy electron scattering
by,;_uclei. Phys. Rev. 9Z:436 - 137. 1953.
Plaisted, E., joint author.-See under Fox.
Plough, H.H., joint author. See under Gowen.
Pohl, Richard W. How to Know the Grasses. W.C. Brown Co., 19Z pp. 1954.
The allopolyploid Stipa latiglumis. Madroi'lo _!3:145-150. 1954.
Polhemus, Dale N., joint author. See under Wallin .
Poole, D.D., and H.C. Murphy. Field reaction of oat varieties to Leptosphaeria
avenaria Weber. Agron. Jour. 45 : 369-370. 1953 .
Porter, A.R., joint author. See under Martin.
Porter, Blaine M. Measurement of parental acceptance of children. Jour.
Home Econ. 46:176-lBZ. 1954.
Porter, J.C., joint author. See under Cavazos.
Potter, N.N., and F . E . Nelson. Role of calcium and related ions in proliferation of lactic streptococcus bacteriophage. Jour. Bact. 66:508-516. 1953.
Powell, J.E.; joint author. See under Spedding.
P'Pool, R.S., joint author. See under Arnold .
Priesthoff, J. H., and C. V. Banks. A new method of purifying a , ~ , '! , 6 tetraphenylporphine. Jour. Amer. Chem. Soc. 76:937. 1954.
Proctor, James S., joint author. See under Brown-:Purcell, J.C., joint author. See under Shepherd.
Quinn, L.Y., G.E. McKimpson, L.A. Underkofler, G.C. Ashton., andD.Catron.
Mode of action of chlortetracycline in growth stimulation of swine: demonstration and assay of a new growth factor. Antibiotics Ann. pp. 366-371. 1953-54.
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, joint author. See under Kline.
Racusen, D. W., and S. Aronoff. A homogeneous cell preparation from soybean
leaves. Science 118:302-304. 1953.
Radke, F. H., R. B. Fearing, and S. W. Fox. Resolution of glutamic acid with
l-hydroxy-2-aminobutane. Jour. Amer. Chem. Soc. 76:2801-2803. 1954.
Rado, John, joint author. See under Hughes.
Ragai, H., and W. E. Loomis. Respiration of maize grain. Plant Physiol. 29:
49-55. 1954.
Raka, E. C., joint author. See under Pidd.
Ramsey, Frank K., and W.H. Chivers. Mucosal disease of cattle. N. Amer.
Vet. 34:629-633. 1953.
Ramsey;-F.K., joint author. See under Baker.
Ranck, R.O., joint author. See under Gilman.
Raun, Earl S. Control sheep ticks and lice on farm flocks. Shepherd's Manual,
Iowa State Sheep Assoc. 1952.
Reed, S. A. , joint author. See under Margerum.
Reid, M. G., joint author. See under Hoyt.
Reid, T. L., joint author. See under Wenke rt.
Rhinehart, W., joint author. See under Hunt.
Richardson, A.E., see under Allison.
Riecken, F. F., joint author. See under Foth, Godfrey, Green, Hunter, Scholtes.
Rising, James S., and A.S. Gaskell. Engineering Drawing Problem Book II. 1st
ed. Wm. C. Brown Co., Dubuque, Iowa. 123 pp. 1953.
, and K.E. Haughton. Engineering Drawing Problem Book III. 1st ed. lOlpp
---W-m. C. Brown Co., Dubuque, Iowa. 1954.
.
Robbins, Russell. Persistence--the 1953 hen pheasant. Iowa Conserv. 12:179.
1953.
Roberson, Opal, and Norma Hollen. Buy clothing wisely for less care. Iowa
Farm Sci. 8:421-422. 1954.
Robertson, Fr~d. Algebra and trigonometry for the gifted students at the Iowa
State College. Bull. Kans. Assoc. Teachers Math. 28:3 1954.
Robertson, L., joint author. See under Heady.
Robinson, Joe L., and Charles D. Hutchcroft. The 1953 corn yield test. Iowa
Agr. Exp. Sta. Bull. Pll6. 32 pp. 1954.
, joint author. See under Murphy.
Robotka, Frank, and Richard Phillips. Distinguishing Characteristics of a
Cooperative: (in 3 parts)
, I. Prevailing co-operative concepts: Their nature and shortcomings.
Phillips, Richard. II. The co-operative - an association of business units.
Robotka and Phillips. III. A basic concept as a practical tool.
Proc. American Institute of Cooperation, Washington, D.C. pp. 115-156. 1953
Roe, H.B., joint author. See under Ayres.
Rogers, B.A., the building of a nuclear reactor. Metal Prog. 64:92-96. 1953.
Rogers, Cora, joint author. See under Augustine.
Rosenberg, S.D., joint author. See under Gilman.
Ross, E.D. On writing the history of land-grant colleges and universities. Jour.
Higher Educ. 24:411-415. 1953.
, Board of Editors of Social Science.
Rossing, T.D., joint author. See under Legvold.
Rossman, E.G., joint author. See under Frey.
Rothacker, R.R., joint author. See under Tarr.
Rothenbuhler, Walter C., John W. Gowen, and 0. W. Park. Allelic and linkage
relationships of five mutant genes in honey bees (A pis rnellifera L.)
, John W. Gowen, and 0. W. Park. Recent work in honey-bee genetics,
--;;;Ith preliminary considerations on the breeding of bees for pollination. Ent.
Soc. Arner., N. Cent. States Branch 8:45-46. 1953.
, joint author. See under Gowen. Royer, Keith. Fire Department Pump Operator's Hand Book. Iowa State Coll.
Engr. Exp. Serv. Bull •. No. 125. 22 PP• 1954.
.
..
Ruf, E. w., W. H. Hale, and W. Burroughs, Observations upon an umdenbfied
factor in feedstuffs stimulating to cellulose digestion in the rumen and improved liveweight gains in lambs. Jour. Anirn. Sci. 12:731-739. 1953.

572
545.
546.

547.

548.
549.
550.
551.

552.
553.

554.
555.

556.
557.

558.

559.
560.

561.
562.
563.

564.
565.
566.

567.
568.

STAFF MEMBER PUBLICATIONS, 1953-54
Ruhe, R. V. Pleistocene soils along the Rock Island relocation in southwestern
Iowa. Arner. Ry. Engr. Assoc. Bull. 514. pp. 639-645. 1954.
_ _ _ • Sols et vegetation dans la region de Nioka (Ituri): Part D . .Geology of
the soils of the Nioka, lturi area, Belgian Congo. Institut National pour
l'Etude Agronornique du Congo Belge, Bruxelles, Belgique. 38 pp. 1954.
_ _ _ Erosion su~faces of central African interior high plateaus. Institut
National pour l 1Etude Agronornique du Congo Beige, Bruxelles, Belgique.
ser. sci. 59. 56 pp. 1954.
Ruhr, C.E., joint author. See under Carlander.
Rundle, R.E. Book Review: Structure of Metals, by C. Barrett. Jour. Arner.
Chern. Soc. 75:4120. 1953.
A new type of metallic bonding in molecular complexes. Jour. Amer.
-----chem. Soc. 76:3101-31 OZ. 1954.
. Polar v;;sus non-polar ice. Jour. Chem. Phys. 22:344-345. 1954.
- - - The structure and residual entropy of ice. Jour. Chem. Phys. ~:1311.
--r9'"53.
, joint author. See under Margoshes, Hunt.
Rusk, Harold W., joint author. See under Fahey.
Russell, R.F., joint author. See under Arnold.
Samson, R. W., joint author. See under Wallin.
Schafen, G.M. A disturbed buried gumbotil soil profile in Jefferson County,
Iowa. Proc. Iowa A cad. Sci. 60:403-407. 1953.
Schaeffer, R., M. Steindler, L. Hohnstedt, H.S. Smith, L.B. Eddy, and H.I.
Schlesinger. Preparation of bovazole by the reduction of trichlorobovazole.
Jour. Amer. Chem. Soc. 76:3303-3306. 1954.
, joint author. See und;; Eriks.
Schaller, F. W. Corn as a nurse crop. Iowa Farm Sci, 8:26-27. 1954.
, and K.R. Stockinger. A comparison of five methods for expressing
----;;g&regation data. Soil Sci. Soc. Amer. Proc. 17:310-313. 1953.
joint author. See under Andharia-:Schlenk, F., and Raymond L. Smith. The mechanism of adenine thiomethytriboside formation. Jour. Biol. Chem. 204: 27-34. 1953.
, and J .A. Tillotson. Formation of"'S"i:ethylthioadenosine from DL-ethio~e in yeast. Jour. Biol. Chem. 206:687-693. 1954.
Schlesinger, H.I., joint author. See ~er Schaeffer.
Schmitt, H.P., and R. J. Jessen. Sampling plan for nutrition research program
on frozen fruits, juices, and vegetables. Agr. and Food Chem. 1:730-734.
1953.
Schoenleber, F., joint author. See under Lowe.
Scholl, J.M., H.D. Hughes, R.E. Krenzin. A look at Iowa pastures. Iowa
Farm Sci. 8:19-Zl. 1954.
, H.D. ffiighes, R. Krenzin, and E.P. Sylvester. Building productive
~tures. Iowa State College Agr. Ext. Serv. Pamphl. 211, 4 pp. 1953.
, joint author. See under Burroughs, Hale, Heady.
Scholtes, Wayne H. The concentration of forest tree roots in the surface zone
of some piedmont soils. Proc. Iowa Acad. Sci. 60:243-259. 1953.
, F.F. Riecken, and G.D. Smith. Taylor county, Iowa, soils. U.S.D.A.
~Iowa Agr. Exp. Sta. Soil Survey Ser. 1947 No. l. 1954.
Schopp, Ralph, Tom A. Brindley, and Frank G. Hinman. Field-plot comparisons of insecticides for control of the pea weevil. Jour. Econ. Ent. 46:860863. 1953.
Schupp, F.D., and D.S. Martin, Jr. TheMg,..(Y,3p,3n)F 18 reactioninduced
by 70 mev bremsstrahlung. Phys. Rev. 94:80. 1954.
Schwartz, Frederick. Eins Zwei Drei (A te;ct° to accompany twenty four lessons
in German presented over WOI-TV). WOI-TV 33 pp. 1954.
Schwartz, Miriam, and Stanley Shapiro. The mechanism of utilization of thiomethyladenosine in the biosynthesis of methionine. Jour. Bact. 67: 98. 1954.
Schwarzenbach, G., joint author. See under Wheelwright.
Schwink, T. M. Factors affecting passive immunity in blood-induced Lophurae
malaria of the chicken. Jour. Trop. Med. and Hyg. 3:232-249. 1954.
Scoggin, John K., and O.E. Tauber. Apparatus for ext:;action of microquantities
of lipids. Iowa State College Jour. Sci. 28:165-166. 1953.
Selby, Samuel, joint author. See under Smith.

STAFF MEMBER PUBLICATIONS, 1953-54
569.

570.

571.

572.
573.

574.

575.
576.
577.
578.

579.

580.

573

Serovy, George K. Effect of blade-surface finish on performance of a singlestage axial-flow compressor. Nat. Adv. Comm. Aero. Res. Memo. E51C09
25 pp. 1953 .
Shrader , W.D., joint author. See under Heady.
Shapiro, S.K., joint author. See under Nelson, Schwartz.
Sharp, E. L., joint author . See under Staffeldt.
Shaw, K.N . F., and S. W . Fox . Stereochemistry of the beta-phenylserines: improved preparation of allophenylserine. Jour. Amer. Chem. Soc. 75 :34213424. 1953.
Shaw, R.H. Leaf and air temperatures under freezing conditions. Plant Physiol.
29:102-104. 1954.
, joint author. See under Denis en, Heady, Wallin.
Shedd, Claude K . Measuring air flow with perforated metal sheet. Agr. Engr.
35 :420. 1954 .
• Resistance of grains and seeds to air flow. Agr. Engr. 34: 616-619.1953.
Sheeler, J.B., joint author. See under Davidson.
Shekleton, M . C . , joint author. See under Frey .
Shellenberge r , J.A., P.A. Dahm, E.P. Farrell, R.E. Hein, R.H. M c Farland,
M. Milner, and N. Lloyd. An investigation of insect fragment production in
milling using radioactive rice weevils. Bull. Assoc. Oper. Millers. 1953.
Shepherd, G . The feasibility of price supports for perishable farm products.
Jour. Farm Econ. 35:800-810. 1953.
Do we want .. :-rigid or flexible corn loan rates? Iowa Farm Sci. 8(8):
-m-399. 1954.
What should go into the parity price formula? Iowa Business Digest
---zf:l-7. 1954.
, J.C. Purcell, and l... V. Manderscheid. Economic analysis of trends in
~f cattle and hog prices. Iowa Agr. Exp. Sta. Res. Bull. 405. 17 pp. 1954.
, joint author. See under Clifton, Wiegmann.
Sher£, Arden, E.P. Sylwester, and E.S. Dyas. Facts about Iowa's 1953 oat
plantings. Iowa Farm Sci. 8:386-388. 1954.
, joint author. See under-Frey.
~ood, C . H., and F.B . Widmayer. Effects of soil mulches on greenhouse
roses. Proc. Amer. Soc. Hort. Sci. 63 :462-464. 1953.

Shove, G . C . , joint author. See under Beresford.
581. Shrader, W .D., M.E. Springer; and N.S. Hall. Soil survey of Holt County,
Missouri. U.S.D.A. Soil Conservation Service. 1954.
582.
, M.E. Springer, R. Hamby, W.J. Pettijohn, and J.T. Miller. Soil
---;;;-rvey of Jasper County, Missouri. U.S.D.A. Soil Conservation Service.
67 pp. 1954.
, joint author. See under Heady.
Shull, H., joint author. See under Ellison, Goodman
, Associate Editor, Journal of Chemical Physics.
583. Sidles, P.H., and G.C. Danielson. Thermal diffusivity of metals at high temperatures. Jour. Appl. Phys. 25:58-66. 1954.
Simon, C.M. Associate PublicatTOns Editor, Iowa Agr. Exp. Sta. and Agr. and
Home Econ. Ext. Serv.
584. Simons, M . D. The relationship of temperature and stage of growth to the crown
rust reaction of certain varieties of oats. Phytopathology 44:221-223. 1954 .
585.
• A North American race of crown rust attacking the oatvarieties Land~er and Santa Fe. Plant Dis. Rep. 38:505-506. 1954.
586.
, and H.C. Murphy. Look what's happening to race 45. Iowa Farm Sci.
--s,:i95_496. 1954.
587. Sin;heimer, R. L. The action of pancreatic desoxyribonuclease. I. Isolation of
mono- and di-nucleotides. Jour. Biol. Chem. 208:445-459. 1954.
, joint author. See under Northrup.
Skochdopole, R.E., joint author. See under Griffel.
Slater, James A., joint author. See under Knight.
Smith, A.G., joint author. See under Gilman.
588. Smith, Edwin R . , Samual Selby, Murray Kleinman. Understanding College
Algebra. The Dryden Press •. 573 pp. 1954.
Smith, F.G., joint author. See under Ginter.

574

STAFF MEMBER PUBLICATIONS, 1953-54

Smith, G.D., joint author. See under Scholtes.
589. Smith, H.G. The crystal structure of strontium hydroxide octahydrate,
Sr(OH}i·8H2 0. Acta Cryst. ..2_: 604-609. 1953.
Smith, H. H., joint author. See ut~er Kehr.
Smith, H.S., joint author . See under Schaeffer.
590. Smith, J. F., and G. C. Danielson. Sodium diffusion in sodium tungsten bronze.
Jour . Chem. Phys. 2.2.:2.66-2.70. 1954.
591. Smith, J.F. Downie • .Cc;"oking ahead. Iowa Engr. 54:16. 1953.
592.
A golden anniversary. Science, June, 1954:"°
593.
Four year engineering program. Gen. Elec. Rev. 56:8-10. 1953.
Smith, R., joint author. See under Ehrenkranz.
Smith, Raymond L., joint author. See under Schlenk, Foster.
594. Sne<;lecor, George W. Biometry, its makers and concepts. in: Statistics and
Mathematics in Biology, ed. by Kempthorne, Bancroft, Gowen, and Lush.
Chap. 1, pp. 3-10. Iowa State College Press. 1954.
, Editor of " Queries" Department of Biometrics Journal.
Snell, E. E . , joint author. See under Metzler.
595. Spangler, M.G. Integrating soil mechanics into transportation engineering
courses. Amer. Soc. Elec . Engr. Civ. Engr. Bull. 19, No. 2.. pp. 7-8.1954.
Spatz, S.M., joint author. See under Gilman.
Speaker, E.B., joint author. See under Hendrickson.
596. Spedding, F . H., and A.H. Daane. Production of rare earth metals in quantity
allows testing of physical properties. Jour. Metals 6:504-510. 1954.
597.
, A.H. Daane, and J.E. Powell. Portable thuliu~X-ray unit. II. Methods
~preparing thulium oxide or metal. Nucleonics 12.:37. 1954.
598.
, and J. L. Dye . Conductances, transference nu~bers and activity coeffi----cr.;nts of aqueous solutions of some rare earth chlorides at 25°. Jour. Amer.
Chem. Soc. 76: 879-881. 1954.
599 .
, and J.L:-i::>ye. The application of Onsager's theory of conductance to the
----ZOnductances and transference numbers of unsymmetrical electrolytes. Jour.
Amer. Chem . Soc. 76:888-892. 1954.
600.
, and J . P . Flynn:-Thermochemistry of the rare earths. II. La, Pr, Sm,
-ad, Er, Yb, Y. Jour. Amer . Chem. Soc. 76:1474-1477. 1954.
601.
, and J.P. Flynn. Integral heats of solution of some rare earth trichlor--rd.;s. Jour. Amer. Chem. Soc. 76:1477-1480. 1954.
602.
, and S. Jaffe. Conductances,-;;olubilities and ionization constants of some
---;;;:-re earth sulfates in aqueous solutions at 25°C. Jour. Amer. Chem. Soc.
76:882-884. 1954.
603.
, and S . Jaffe. Conductances, transference numbers and activity coeffi----cr.;nts of some rare earth perchlorate& and nitrates at 25°C. Jour. Amer.
Chem. Soc. 76:884~888. 1954.
604.
, and J . E:-Powell. The separation of rare earths by ion-exchange. VII.
~antitative data for the elution of neodymium. Jour. Amer. Chem. Soc.
76:2.545-2.550. 1954.
, and J.E . Powell. The separation of rare earths by ion-exchange. VIII.
605.
~antitative theory of the mechanism involved in elution by dilute citrate solution . Jour. Amer. Chem. Soc . 76:2.550-2.557. 1954.
606.
, and J.E. Powell. Methods f~ separating rare-earth elements in quan~ as developed at Iowa State College. Jour. Metals 200:1131-1135. 1954.
607.
, J.E. Powell, andE.J. Wheelwright. The separa~ofadjacentrare
---earths with ethylenediaminetetraacetic acid by elution from an ion-exchange
resin. Jour. Amer. Chem. Soc. 76:612-613. 1954.
, J.E. Powell, and E.J. Wheel;-right. The use of copper as the retaining
608.
--ro;;_ in the elution of rare earths with ammonium ethylenediaminetetraacetate
solutions. Jour. Amer . Chem. Soc. 76:2.557-2.560. 1954.
, joint author. See under Baniater;-Daane, Elliott, Griffel, Kevane,
---wheelwright.
609 •. Speer, V., G.C. Ashton, F. Diaz, and D. Catron. New l.S.C. pre-starter "75".
Iowa Farm Sci. 8:435-436. 1954.
, joint author:- See under Catron.
610. Spencer, W.R., and F .R. Duke . The cerium(IV) suliate oxidation of phenols.
Anal. Chem. 2.6 : 919-920 . 1954.
611. Sprague, G.F. Heteroaia, in: Growth and Differentiation i.D. Plants. Chap. 7,
pp . 113-136. Iowa State College Presa. 1954 .

STAFF MEMBER PUBLICATIONS, 1953 -54

612.
613.
614.

615.
616.
617.

618.

619.

620.

621.

622.
623.

624.
625.
626.
627.
628.

629.
630.
631.

632.

633.
634.

575

- - - ' Consulting Editor in statistics. Journal American Society of Agronomy.
Springer, M.E., joint author. See under Shrader.
Stadler, J., joint author. See under Gowen.
Staffeldt, E .E., and F. L. Sharp. Modified lyophil method for preservation of
Pythiurn species. Phytopathology 44:213-215. 1954.
Stahl, Benton M. ASAE Data: Engineering data on grain storage. Agr. Engr.
Yearbook. pp. 77-86. 1954.
Stanford, G. M., and W. H. Pierre. Soil management practices in relation to
phosphorus availability and use. in: Soil and Fertilizer Phosphorus in Crop
Nutrition. Vol. IV of Agronomy. pp. 243-280. Academic Press Inc. 1953.
, joint author. See under Andharia, Bennett, Hanway.
Staniforth, D. W. Levels of weed. infestations as related to yield losses and control practices in corn. Proc. N. Cent. Weed Control Conf. 10:44-46. 1953.
Starks, K.J. Soybean insects. Proc. Ann. Meet., N. Cent. Branch Ent . Soc.
Arner. 9:33-34. 1954.
Starks, P.B., W.H. Hale, U.S. Garrigus, and R.M. Forbes. The utilization
of feed nitrogen by lambs as affected by elemental sulfur. Jour. Anirn. Sci.
12:480-491. 1953.
, W.H. Hale, U.S. Garrigus, R.M. Forbes, M.F. James. Response of
~be fed varied levels of elemental sulfur, sulfate sulfur and methionine.
Jour. Anirn. Sci. 13:249-257. 1954.
Steindler, M., joint author. See under Schaeffer.
Stirpe, D. Electrodeposition of metals on sodium tungsten bronze crystals.
Rev. Sci. Instr. 24: l 071. 1953.
Stockinger, K.R., joint author. See under Schaller.
Stoddard, G. E., joint author. See under Martin.
Stoever, H.J. Essentials of Engineering Thermodynamics. 279 pp. John Wiley
and Sons. 1953.
Story, G.D., joint author. See under Cheng.
Stosick, A. J., joint author. See under Hunt.
Strand, Norman V., and Elliott S. Clifton. How do farmers want to market their
hogs? Iowa Farm Sci. 8:310. 1953.
, joint author. See under Jebe.
Stritzel, J. A. What you need to know about - liquid nitrogen - anhydrous ammonia. Successful Farming. p. 2. May, 1954.
Sukhatrne, Pandurang V. Sampling Theory of Surveys with Applications. 491 pp.
Publ. jointly by Iowa State College Press, Ames, Iowa, and Indian Society of
Agricultural Statistics, New Delhi, India. 1954.
Sutton, W.B., and C.H. Werkrnan. Thecarbonandnitrogenprecursors of bacterial purines. Arch. Biochern. and Biophys. 47:1- 7. 1953.
Svec, H.J. · A new bridge circuit for conductornetrlc titrations. Jour. Chern.
Educ. 31: 193-194. 1954.
, andD.S. Gibbs. The reaction between calcium metal and water vapor. I.
--:J;;"°ur. Arner. Chern. Soc. 75:6052-6053. 1953.
_ _ _, and D.S. Gibbs. Met;J°-water reactions. I. The reaction between calcium and water vapor. Jour. Arner. Chern. Soc. 75:6053-6054. 1953.
, and B.E. Deal. Metal-water reactions. II. Kinetics of the reaction be~een lithium and water vapor. Jour. Arner. Chern. Soc. 75:6173-6175. 1953.
, joint author. See under Winkel.
s;;aruion, C.R. Response of yeast to 2, 4-D. Res. Rept. N. Cent. Weed Control
Conf. 10:163. 1953.
Swanson,P. The nutrition of our senior citizens. Food and Nutr. News 25:1,4.
1954.
Swartzendruber, Dale, M.F. De Boodt, and Don Kirkham. Capillary intake rate
of water and soil structure. Soil Sci. Soc. Arner. Proc • .!._!!: 1- 7. 1954.
Sweeney, O.R., joint author. See under Arnold.
Switzer, C.M., and R.0. Bibbey. The additive effect of urea on the physiological activity of 2, 4-D acid. Res. Rept. N. Central Weed Control Conf • .!.Q:l64.
1953.
Sylwester, E.P. Better weed control. Down to Earth. Spring edit. 1954.
• Help your pasture come back. Capper's Farmer. pp. 66-68, Mar. 1954.
- - - , joint author. See under Baker, Bakke, Sher!, Scholl.
Tang, P.C., joint author. See under Bancroft.

576
635.

STAFF MEMBER PUBLICATIONS, 1953-54

Tarr, Margherita. Your farm home grounds. Iowa State College Agr. Ext.
Serv. Pamphlet 207. 24 pp. 1953.
636. _ _ _, and R.R. Rothacker. Landscape plants for Iowa. Iowa State College
Agr. Ext. Serv. Pamphlet 212. 23 pp. 1954.
637. Tauber, Oscar E. Integration of physiology and morphology into the general
field of entomology. Proc. Ent. Soc. Amer., N. Cent. Branch 9:17-18. 1954.
_ _ _, joint author. See under Barker, Scoggia.
Taylor, B., joint author. See under Burroughs.
Tevebaugh, R. D., joint author. See under Warf.
638. Theobold, Marguerite. The long voyage. Players Mag. 8:180-181. 1954.
639. Thielman, H.P. Review: Bessel Functions of Positive I;rteger Order, Part II.
British Association for the Advancement of Science, Mathematical Tables,
Vol X. Science 117:418. 1953.
Thomas, B.H., joint author. See under Yoder, Cheng.
640. Thomas, R., H. Fox, H. Kelly, E. Moyer, and I. Macy. Rapid method for
qualitative appraisal of food intakes of groups. Jour. Amer. Diet. Assoc.
30:865-871. 1954.
640a. Th"";mpson, L. M., C. A. Black, and J .A. Zoellner. Occurrence and mineralization of organic phosphorus in soils, with particular reference to associations
with nitrogen, carbon and pH. Soil Sci. 77:185-196. 1954.
641. Thompson, Sam H. Cow slaughter and the c;t°tle cycle. Ia. Farm Sci. _a:337. 1953.
642.
When will the cattle cycle turn down? Iowa Farm Sci. 8:21-24. 1953.
643.
Meat-type pig prices higher. Iowa Farm Register, DesMoines Sunday
-ifegister. 105{296):11M. 1954.
644. Tiffany, L. H.-:--;nd J.C. Gilman. Species of Colletotrichum from legumes.
Mycologia 46:52-75. 1954.
Tillotson, J. A:, joint author. See under Schlenk.
645. Ting, Y.C., and A.E. Kehr. Meiotic studies in the sweet potato. Jour. Heredity 44:207-211. 1953.
, joint author. See under Kehr.
646. ~r. Gerhard. Definition of econometrica {Japanese translation). Bull.
Bur. Stat. {Japan). 3(6):57-69. 1954.
The teaching of-econometrics. Econometrica 22:77 -100. 1954.
647.
, Editorial Collaborator, Journal of the America;;-Statistical Association.
Associate Editor and Book Review Editor for Econometrica.
, Associate Editor for Metroeconomica.
647a. Tischer, R.G., H·. Hurwicz, and J.A. Zoellner. Heat processing of beef. III.
Objective measurement of changes in tenderness, drained juice, and sterilizing value during heat processing. Food Research 18:539-554. 1953.
Tischer, R.G., joint author. See under Kempthorne.
Tochner, N., joint author. See under Frey.
Todd, R. W., joint author. See under Hammond.
Towle, Lewis, joint author. See under Gilman.
648. Town, George R., and L.A. Ware. Electrical Transients. lst ed. 233 pp.
Macmillan Publ. Co. 1954.
Twogood, A.P., Editor, Newsletter - National Assoc. of Industrial Teachers
Educators.
649. Underkofler, L.A. Laboratory Experiments in Organic Chemistry. 3rd edit.
191 pp. Wm. C. Brown Co., Dubuque, Iowa. 1954.
650.
, and R.J. Hickey. Industrial Fermentations (Vol. I). lst edit. 565 pp.
---chemical Publishing Co., Inc., New York City. 1954.
, joint author. See under Bauriedel, Kitts, Quinn, van der Zant.
~. B. F., joint author. See under Denis en.
651. van der Zant, W. C., and F. E. Nelson. Characteristics of an endocellular
proteolytic enzyme system of Streptococcus lactis. Jour. Dairy Sci. 36:12121222. 1953.
652. - - - ' and F.E. Nelson. Proteolysis by Streptococcus !!£.ll!. grown in milk
with and without controlled pH. Jour. Dairy Sci. 36:1104-111. 1953.
653. van der Zant, E.S., and L.A. Underkofler. Some factors affecting the vitamin
B 12 -binding properties of hog mucosal extracts. Proc. Iowa A cad. Sci. 60:
325-329. 1953.
654. Van Vlack, Claude H., and Hobart Beresford. The picker-sheller, its advantages and disadvantages. Iowa Farm Sci. 8:249-251. 1954.

STAFF MEMBER PUBLICATIONS, 1953-54

655.

656.
657.
658.

659.

660.

661.

662.
663.
664.

665.

666.
667.
668.
669.
670.
671.

672.
673.
674 .

577

Viado, G. B., joint author. See unde r Drake.
Voelker, H.H., R.S. Allen, N.L. Jacobson, and J.T. Blake. ~(dairy
calves) and in vitro studies with surface-active agents. Jour. Dairy Sci. 37:
737-743. 19~
Voigt, A.F., joint author. See under Allison.
Wade, E.K., joint author. See under Wallin.
Wakeley, R.E., joint author. See under Beal, Jehlik.
Walker, R.A., joint author. See under Legvold.
Wallin, J.R., and Wm. G. Hoyman. Forecasting potato late blight in North
Dakota. No. Dak. Agr. Exp. Sta. Bimon. Bull. 16:226-231. 1954.
, ;md Dale N. Polhemus. A dew recorder. Science 119:294-295. 1954.
- , and R. W. Samson. The relation of cumulative amount and frequency of
rainfall and mean temperature to late blight in Indiana. Amer. Potato Jour.
30:262-270. 1953.
, and R.H. Shaw. Studies of temperature and humidity at various levels in
~op cover with special reference to plant disease development. Iowa State
College Jour. Sci. 28:261-267. 1953.
, E.K. Wade, andH.M. Darling. The relation of weekly mean tempera~es and cumulative rainfall to late blight epiphytotics in Wisconsin. Amer.
Potato Jour. 30 :231-242. 1953.
Ware, L.A., joW author. See under Town.
Warf, J.C., W. D. Cline, and R. D. Tevebaugh. Pyrohydrolysis in the determination of fluorides and other halides. Anal. Chem. 26:342. 1954.
, joint author. See under Feibig.
~er, C., joint author. See under Fox.
Waterbury, G.R., and D.S. Martin. Manganese(ll), -(III), -(IV) equilibrium in
iodic acid. Jour. Amer. Chem. Soc. 75:4162-4167. 1953.
Watt, D . D., and C.H. Werkman. InhibitI;°n of anaerobic dissimilation of pyE"uvate by phenylpyruvate. Arch. Biochem. and Biophys. 50 : 64-70. 1954.
Weber, Charles R. Clark - a new soybean for southern Io~a. Iowa Farm Sci.
8:6-8. 1954.
, joint author. See under Camery .
- , Member, Editorial Board, Iowa Farm Science.
Weber, J., joint author. See under Hunt.
Weiser, Bruce, joint author. See under Pettit.
Weiser, H.H., joint author. See under Cotterill.
Weissmann, R.C., and H. Diehl. A new method utilizing versene for determination of the calcite-dolomite ratio in carbonate rocks. Proc. Iowa Acad. Sci.
69:433-437. 1953.
Wellman, Frank E. Selecting tests for our guidance program. Guid-0-Gram,
published by Iowa State Board for Voe. Educ., December, 1953.
• The administration of guidance tests. Guid-0-Gram, published by Iowa
-slate Board for Voe. Educ., February, 1954.
• Utilizing a community occupational survey for in-service education.
---p;rsonnel and Guidance Jour. 32:477-479. 1954.
Wenkert, E. Biogenesis of pyrro~line alkaloids. Chem. and Industry.
pp. 1088-1089. 1953.
, A .K. Bose, and T. L. Reid. 0-alkylation of 3-acyloxindoles. Jour.
~er. Chem. Soc. 75 :5514-5516. 1953.
, and T. L. Reid.-A common degradation product of oxindole alkaloids.
-chem. and Industry. p. 1390. 1953.
Werkman, C.H., joint author. See under Claridge, Korzenovsky, Ott, Sutton,
Watt, Wessman
, Editor, Archives of Biochemistry and Biophysics.
- - - , Editor, Enzynmologia.
Wessma n, G.E . , L.P. Allen, and C.H. Werkman. The biotin requirement of
Micrococcus lysodeikticus. Jour. Bact. 67:554-558. 1954.
West, W.D., joint author. See under Finkner.
Weston, Henry G., Jr. Bald eagle feeding on a ring-necked pheasant. Iowa
Bird Life 23:53-54 . 1953 .
·
Wert, JamesE., Charles O. Neidt, and J .· Stanley Ahmann. Statistical Methods
in Educational and Psychological Research . Appleton-Century-Crofts·
435 pp . 1954.

578
675.

676.

677.
678.
679 .
680.

681.

682.

683.
684.

685.

686.

687.

688.
689.
690.

691.
692.

693.

STAFF MEMBER PUBLICATIONS, 1953-54
Wheelwright, E. J., F. H. Spedding, and G. Schwarzenbach. The stability of the
rare earth complexes with ethylenediaminetetraacetic acid. Jour. Amer.
Chem. Soc. 75:4196-4201. 1953.
- - - ' joint author. See under Spedding.
White, E.M. Subsoil textural variations on the Clarion-Webster Experimental
Farm as related to the Mankato glacial deposit. Proc. Iowa Acad. Sci. 60:
438-441. 1953 .
Wickersham, T., joint author. See under Hale.
Widmoyer, F.B . , joint author. See under Sherwood.
Wiegmann, C., E. Clifton, and G. Shepherd. Self-service, or salesman-service
meat retailing? Iowa Farm Sci. 8:279-280. 1953.
Wiggans, S . C. Contribution from Io-;,a. National Oat Newsletter 4:35-36. 1953.
Growth and organ formation in callus tissues derived from-Daucus carota.
~er. Jour. Bot. 41:321-326. 1954.
--- --The relationship of photoperiod to growth and flowering of Melilotus
--;p.,cies. Proc. Iowa A cad. Sci. 60:278-284. 1953.
Wikl!n, T., joint author. See under Buchanan'.
Wild, G.M., joint author. See under French.
Wilder, D.R., joint author. See under Dodd, Gilman.
Wilhelm, H.A., O.N. Carlson, and J.M. Dickinson. Columbium-vanadium
system. Jour. Metals. 6:915-918. 1954.
, joint author. See under Carlson.
~ms, J. H. Differential varietal response of root tissues to exogenous
growth regulators in soybeans, oats, and corn. Agron. Jour. 45:293-297.
1953.
, and I. J. Johnson. Inheritance of differential response of corn root
---u;sues to 2, 4-D. Agron. Jour. 45:298-301.
Williams, T . M., and M. Brunsvold-;- Directory of Non-Royalty Films for Television. Iowa State College Press. let ed. 108 pp. 1954.
Williams, W.W., joint author. See under Chu.
Williamson, Maude, and Mary S. Lyle. Homemaking Education in the High
School. 3rd edit. 423 pp. Appleton-Century-Crofts, Inc., New York City,
1954.
Wilsie, C.P., Better alfalfas available. Iowa Farm Sci. 8:7-8. 1954.
, joint author. See under Kalton.
'Wirritz, M., joint .author. See under Fox.
Winkel, D.E., and H.J. Svec. A simple line-operated constant current supply.
ISC-409. Atomic Energy Comm., Ames Laboratory. 1953.
Winter, A.R., joint author. See under Cotterill.
Woods, J.D., •joint author. See under Brown.
Woods, L.A., joint author. See under Gilman.
Woodsworth, R., joint author. See under Heady.
Worlan, C.E., joint author. See under McFate.
Wright, W.H., joint author. See under lsely.
Wu, T. C., joint author. ·see under Gilman.
Yang, J. 'I'., and J. F. Foster. Determination of critical rnicelle concentration
by equilibrium dialysis. Jour. Phys. Chern. 57:628-633. 1953.
, and J.F. Foster. Statistical and all-or-~ne binding of alkylbenzene~lfonate by albumins. Jour. Arner. Chern. Soc. 75:5560-5567, 1953.
, and J. F. Foster. Changes in the intrinsic vis"Zosity and optical rotation
----ofbovine plasma albumin associated with acid .binding. Jour. Arner. Chern.
Soc. 76:1588-1595. 1954.
, joint author. See under Foster.
~. N. W. The spirit of the times: its early history and some of its contributors. Papers Bibliog. Soc. Arner. 48: 117-149. 1954.
Yoder, L., and B.H. Thomas. An anti.rachitic sulfonic acid derivative of cholesterol. Arch·. Biochem. and Biophys. 50:113-123. 1953.
I
, joint author. See under Cheng.
Yoerger, Roger, and Dale O. Hull. Custom rates for 1954. Iowa Farm Sci.
8:400-401. 1954.
, joint author. See under Bichel.
Young, D.F., joint author. See under Burian.
Young, J., joint author. See under Lowe.

STAFF MEMBER PUBLICATIONS, 1953-54

694.

695.

579

Zaffarano, D. J. , joint author. See under Hunt, Lane, Morinaga .
Zale tel, J. H., and R. S. Allen . Lipid phosphorus in calf blood plasma. Iowa
State College Jour. Sci. 28 :497-502 . 1954.
_ _ _, joint author. See under Jacobson, Lambert.
Zimmack, H . L., K . D. Arbuthnot, and T .A. Brindley. Distribution of the European corn borer parasite Pere;oia pyraustae, and its effect on the host. Jour.
Econ . Ent. 47:641-645. 1954.
Zimmerman, R:'", joint author. See under Burroughs, Hale.
Zoellner, J.A . , joint author. See under Eid, Kempthorne, Thompson, Tischer.

735
AUTHOR INDEX
Allen, Carl Wendell
Allen, R .S.
Amer, Fathi M ohamed
Anderson, David E.
Anderson, John Ernest
Anderson, Stanley Robert
Arvidson, Harold Carl. Jr.
Atkins, R. E.

361
723
361
362
364
365
366
147

Babbar, Madan Mohan
Baker, Robert Swain
Ball, A. Gordon
Bancroft, T. A.
Barbour, Helen Frances
Barnhart, Charles E.
Becker, Elery R.
Bell, Max E.
Betts, Merle E.
Blaney, Donald J.
Blankenburg, Franklin Lewis
Bliese, John C. W.
Bochinski, Julius H.
Bohlen, Joe Merl
Boles, Janet I.
Bowlen, Bernard Joseph
Bowles, R.
Brehm, Richard Keith
Brierly, John M.
Briggle, Leland W.
Brindley, T. A.
Brown, Louis Milton
Buchholtz, W. F.
Bulgrin, Vernon C.
Butler, John Parkman
Byrd, Carol Hunter

367
368
370
61
371
373
133, 374
375
377

378
379
380
381
1

382
61
383
141
385
61
386
95
387
388
389

Cannon, Kenneth Lynn
Carlson, John Bernard
Carlson, Oscar Norman
Carr, P.H.
Cavazos, Larry Fred
Claridge. Charles Alfred
Collins, Robert M.
Costa-Rodriques, Luis
Curtice, Jay Stephen

390
105, 392
394
129
394
395

Daane, Adrian Hill
DeCoursey, Wesley F.
Dickinson, James M.
Diehl, Harvey
Dinkel, Christian Alfred
Dove, Richard C.
Drobot, Walter
Duncan, Elwin Raymond

400
401
402
141, 143
403
404
405
406

396
398
399

Ellison, Frank O.

407

Fisher, John Edwin
Flynn, James Patrick
Forsman, Marion Edwin
Frazer, John Ronald

408
410
411
411

Froeschner, Richard Charles
Gade, Donald William
Gilman, J .·c.
Gleason, Lowell S.
Goodman, Lionel
Graham, Dee McDonald
Griffin, J. Dennis
Hansen, Robert D.
Hartzfeld, Howard Alexander
Haver, Cecil Berdeen
Herwig, Lloyd Otto
Hess, Carroll Vernon
Hettler, Frances M.
Hiller, Dale M.
Hoffman, P. F.
Holt, !my Vincent
Homeyer, P.G.
Hopkin, John Alfred
Hrubecky, Henry Francis
Hudek, Henry J.
Hughes, Francis J.
Hunt, Warren A.
Huntsberger, David Vernon
Hurlburt, Virgil L.
Hurst, Thomas L.

163, 412
413
659
415
416
416
418

418
420
421
422
424
426
428
27
429, 581
723
430
431
432
434
434
435
436
438

Isleib, Donald Richard

439

Jacobson, N. L.
James, William J.
Juhl, William Glenn

723
440
441

Kalt on, R.R.
Kearns, John L.
Kehrberg, Earl W.
Kitts, Warren D.
Koch, Robert M.
Koenigsberg, Ernest
Kolmer, Lee.
Korzenovsky, Mitchell
Kraft, Allen A.

631
442
443
129, 444
445
446
447
448
449

Lane, Raymond 0.
Larsen, Howard James
Leffel, R. C.
Loeffler, Albert L., Jr.

451
452
631
453

McClung, Marvin Richard
McGill, David P.
McGuire, Judson Ulery, Jr.
McKimpson, Grendel E ·.

455
456
457
459

Madden, Dale Ernest
Manning, Cleo Willard
Margoshes, Marvin
May, John R.
Melhus, Irving E.
Miller, Frederick A.
Mills, Jack Parker

460
461
462
463
75
465
466

736

AUTHOR iNDEX

Mobberly, David George
Moorman, Robert Bruce
Murie, Richard A,
Murphy, D.R.

467
468
143
659

Ne ls on, Elaine Virginia
Nevitt, Thomas D.
Nordin, Philip

470
471

Overhults, Wendell C.

473

Page, Orville Thomas
Painter, Reginald H.
Eark, Robert Worth
Payne, Loyal C.
Peterson, G. W.
Peterson, Gusto£, Adolph
Picklum, Warren Eugene

474
75
475
476
95
477
479

Quinney, PaulR.

480

Racusen, David W.
Raun, Earl S.
Reid, Theodore Leslie
Rhea, Mark B.
Rollins, Ralph L.
Rothenbuhler, Walter C.
Rubia, David D.

481
482
483
484
486
487
489

Schafer, George M.
Schuler, Josef F.
Sealock, Robert R.
Shafter, Albert Jene
Shaw, H. Russell
Shaw, William Corr
Shrader, William Duncan
Sidwell, George Madsen
Sidwell, Virginia DeCecco
Skochdopole, Richard E.

490
491
141
492
493
495
495

472

Smith, Frank O.
Smith, Newton B.
Smith, Robert Lee
Snow, Adolph Isaac
Spink, Donald R.
Sprugel, George Jr.
Stewart, Robert Murray, Jr.
Stinson, Edgar E.
Story, Charles Dean
Swanson, Charles Richard

75, 501
502
504
505
507
707
507
509
510
511

Tang, P.C.
Tanner, Ward Dean
Taylor, L.H.
Thair, Philip J.
Theophilus, Wadhawa Singh
Thomas, Robert H.
Throneberry, Glyn 0.
Tiffany, Lois H.
Toussaint, William D.
Tramel, Thomas E.

61
512
147
514
515
517
519
659
520
521

Uhrig, Robert Eugene
Underkofler, L.A.

523
129

Van Schilfgaarde, Jan
Vincent, Warren H.

524
525

496

Wallen, Lowell L.
Wassom, Clyde Ervil
Weiss, M.G.
Weston, Henry G., Jr.
White, Everett M.
Whiteley, Joseph Reed
Wick, James R.
Williams, John T.
Woodworth, Roger Charles

497
499

Zillinsky, Francis John

526
528' 631
631
39
529
530
532
532
533
534

SUBJECT INDEX
Absidia 660, 661, 663
----c;;;rule a, 6 64
Ac~~a, 77, 93
trivittata, 77, 93
Acheta, 312
--abb"reviata, 312
assimilis, 312
domesticus, 312, 314
exigua, 324
sylvestris, 315
Acid hydrolysis of vitamin B 12 , 141
Acrididae, 171, 201, 202
Acridinae, 202, 203
Acriditea, 201, 202
Acridium americanum, 246
differentiale, 266, 267
emarginatum, 247
frontale, 251
obacurum, 24 7

Acrydium acadicum acadicum, 198
albomarginatum, 215
alutaceum, 24 7
arenosum angustum, 199
femur-rubrum, 252, 261
granulatum, 196
laterale, 200
longic orne, 215
ornatum, 197
~um, 211
viridifasciatum, 226
Adsorption on nonporous adsorbents, 418
Aeropedellus, 204, 216
clavatus, 216
Ag~x, 204,218
deorum deorum, 218
Ag~re~her economic sectors,
interdependence of, 477

SUBJECT INDEX
Agriculture curricula, status of
graduates at !SC, 484
Agricultural Extension Service,
administration and teaching, 525
Agriculture, later occupation of
graduates, 375
Agriculture, resource pr oductivity, 493
Agronomy at Iowa State College,
history of, 396
Aliphatic acids, activities of, 465
Alloy system,
uranium-thorium-zirconium, 3 94
niobium-thorium, 402
niobium-vanadium, 402
vanadium-zirconium, 532
Alternaria, 660, 663, 694
tenuis, 694
Am~rypha, 279
brachyptera, 167, 280
oblongifolia, 280
parvipennis, 280
rotundifolia, 279, 280
rotundifolia brachyptera, 281
rotundifolia iselyi, 280
Amino acid residues, 438
acid residues in insulin, 377
acids, incorporation of carbon!<, 481
Ammonium compounds, effecting
growth of microorganisms, 526
Amphelasma ~ ~· 77, 93
Amphitornus, 203, 208
coloradus coloradus, 208
Amylase, salivary, action pattern, 4 72
Anabrus, 295, 297
~lex, 297
Anaxipha exigua, 324
Anaxiphus pulicarius, 324
Andrector atrofasciatus, 77, 93
Anisoptera ensiferum, 292
~s mellifera L., gynandromorph
occurrence, 487
A pithes agitator, 325
A,rcyptera gracilis, 217
lineata, 217
pwypt'era, 218
Arethaea constricta, 275
~ricta constricta, 275
gracilipes constrictus, 275
Arginine, bacterial metabolism, 448
Arphia, 22, 223
arcta, 224
~ta, ~23, 224
~ea, 223, 224
frigida, 224
pseudonietana pseudonietana, 223, 225
simplex, 223, 225
sulphurea, 223, 225
tenebrosa, 225
xanthoptera, 223
Ascochyta, 660, 662, 669
Ascomycetea, 660
Aspergillaceae, 667
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Aspergillus, 660, 662, 671, 672
clavatus, 672
flavus, 672, 675
~atus, 672, 673
nidulans, 672, 674
niger, 672, 676
quercinus, 672, 677
restrictus, 672, 673
sydowi, 672, 673
ustus, 672, 676
ve:;&icolor, 672, 674
wentii, 672, 677
Atla~, 295
davisi, 295, 296
t;;;t;i'Ceus, 295, 296
Atmospheric temper a tu re fluctuations,
recording-tabulation technique, 507
Atomization, air-stream, 431
Aulocara, 204, 220
elliotti, 220
Aureomycin, action of, 459
Avena, response to 2,4-D, 429, 581
---;;ross compatibility among spp., 543
sativa, 106
chromosomal aberrations, 398
Bacteria, anaerobic cellulolytic, 129
Bacunculinae, 190
Bacunculus blatchleyi, 192
Barley, bulk populations, 147
Basidiomycetes, 660
Batrachidea cristata, 194, 195
Batrachideae-;-ToO
Batrachidinae, 194, 200
Bees, honey-, gynandromorph
occurrence, 487

Biosynthesis of pyrimidines, 4 70
Birds, fungi from, 659
Birdsfoot trefoil, culture and
harvesting, 365
Birge Lake game area, 39, 40, 41
Blatta, 180
~ervorum, 326
americana, 181
australasiae, 182
germanica, 178
orientalis, 180
pennsylvanica, 173, 177
aupellectilium, 179
surinarnenais, 183
Blattariae, 171, 179
Blatella germanica, l 78
Blattidae, 170, 171, 172
~e, 172, 179, 180
Blood constituents in re.l ation to
nutrient intake, 497
plasma, calf, vitamin A in, 723
Blue Jay, 661
Body measurement• in relation to
nutrient intake, 497
Boopedon, 204_. 219
auriventria, 219
~.219
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Boron, Crystalline, electrical properties,
495
Botrytis spp., infection of onion by, 474
Bovine, digestion and absorption of
carbohydrates, 452
Brachistola magna, 244
Brachypeplus magnus, 244
Brachystola magna, 244
magnus, 243

Caloptenus angustipennis, 262, 263
bivittatus, 268
differentialis, 266
fasciatus, 257
femur-rubrum, 261
griseus, 269
luridus, 2 65
spretus, 258, 259
viridis, 250
Ca~ellucida, 22 9
Campylacantha, 245, 249
olivacea olivacea, 250
Candida, 66~671
Carbohydrases, fungal, 509
Carbohydrates, digestion and
absorption, 452
Carbonl 4 incorporation into amino
acids, etc . , 481
Cash-grain farming, 421
Catalysts for hydrocarbon oxidation, 364
Cattle, beef, ec onomic characters, 445
Holstein cows, lactation and
production, 460
grub control in Iowa, 482
Ceiba pentandra, 126
Cellylolytic rumen isolates, 130
Cellulose-digesting microorganisms,
129, 130
metabolism of, 444
Cephalosporium, 660, 662, 671
Cerium metal, quadrupole-quadrupole
forces, 446
Ceuthophilus, 299, 300
alpinus, 301, 302, 309
blatchleyi, 3 04
brevipes, 301, 302
bruneri, 3 05
~ns , 301, 302, 305, 307
elegans, 302, 308
fusiformis , 302, 307
kansensis, 301, 302, 305
latens, 300, 303
~atus, 301, 302, 304
nodulosus, 301, 302, 309
pallidus, 301, 302, 305
seclusua, 301, 302, 304, 3-7
~is, 301, 302, 308
uhleri, 301, 302, 306
~atus, 308
williamsoni, 301, 302, 303
Chaetorniaceae, 667
Chaetorniurn, 660, 661, 667
dolichotrichum, 667

Chickadee, 661
Chl oealtis, 203, 214
conspersa, 214
curtipennis, 215
viridis, 213
Ch~, h e ats of solution etc., 410
Chorthippus, 204, 215
longicornis, 215
Chortophaga viridifasciata, 226
Chrysochraon conspersum, 214
deorurn, 218
~atum, 213
viridis, 213, 250
Ch~lidae, 77
Cladosporium, 660, 663, 693
herbarum, 694
C obalt, in ethylenediamine solution, 388
Cooperative associations, changes in
knowledge and opinion about, 381
Coniothyriurn, 660, 662, 669
Conocephalidae, 285
Conocephalinae, 274, 285
Conocephalus, 286, 290
attenuatus, 284, 291, 293
brevipennis, 290, 292
crepitans, 284
ensifer, 292
ensiger, 284
fasciatus fasciatus, 290, 291
hemipteru~
nebrascensis, 284
nemoralis, 291, 292
nigropleurum, 291, 293
retusus, 285
~ •• 283
saltans, 290, 294
strictus, 291, 293
~us, 282
Copiphorinae, 274, 282
Corn, Hopi indian, 134, 138
sweet, 134, 138
pop-, 134, 138
hybrid, 134, 138
Corn borer, see European corn borer
Corn {Guatemalan) with rootworm
injury, 75
in the dry season, 83, 84
production, 406
resistance to European corn borer
and diplodia stalk rot, 489
seeds, viability, 519
strains resistant to Diabrotica spp.
85
types, cytoplasmic male sterile, 385
variability in resistance, 86, 89, 90
yield in open-pollinated variety, 456
Cotton breeding, 461
Cottonseed, solvent extraction, 441
Creameries, whole-milk manufacturing
costs, 411
Crop yield variability, 514
Crops, production planning, 382
Crystal structure, 440

SUBJECT INDEX
Crystals, nucleation of, 386
Cucurbita, 125
Cydnidae of western hemisphere, 412
Cyrtacanthacridinae, 202, 244, 245
Cyrtacanthacrinae, 244
Cyrtophyllum concavum, 281
Cyrtophyllus concavus, 281
perspicillatus, 282
Cytospora, 660, 662, 669
Dactylis glomerata clonal and outcross
progeny, 631
L . , topcross and polycross progeny
tests, 528
Dairy call blood plasma, vitamin A in, 723
Dairy farms in Pennsylvania, 424
Decticidae, 294
Decticinae, 274, 294, 295
Decticus pachymerus, 295
Dematiaceae, 660, 693
Dendrotettix, 245, 271
quercus, 272
Diabrotica adelpha, 77, 78, 79, 80, 81, 93,
94
balteata, 77,78,79,80,81,93,94
~ta, 77,78
duodecimpunctata, 77, 81
lepida, 77, 93
longicornis, 77
nigrofasciata, 77, 93
porraceae, 77,78,79,80,81,93,94
rufomaculata, 77, 78, 93
sexmaculata, 77, 93
tibialis, 77, 93
~r, 77, 93
~mpunctata ~· 77
viridula, 77
Dia~spp.
causing rootworm injury, 75
on corn, 77
resistant strains, 85
variability in resistance, 86, 89, 90
Diapheromera, 190
blatchleyi blatchleyi, 190, 192
denticrus, 192
femorata, 190, 191, 192
persimilis blatchleyi, 192
veleii, 191
~. 191
~ veliei, 191

~191

~ velii, 190, 191
2, 4-Dichlc);Ophenoxyethyl sulfate,
phytotoxicity of, 43 9
Dichlorohydrin, activated glycerol,
use of, 723
Dichromorpha, 203, 213
viridis, 213
Di~, 660, 661, 668
Dimethylberyllium, structure of, 505
Diplodia, 660, 662, 670
Diplodia stalk rot, resistance in corn to
489
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Dissosteira, 233, 234
carolina, 234
~nis, 235
Drainage systems affecting water table
behavior, 524
Dynamic loading of materials, 404
Ectobia germanica , 178
Eimeria, 1, 3, 7
~vulina, 1, 7
brunetti, 1, 2, 6, 8, 9
hagani, 1, 8
maxima, 1, 5, 8
mitis, l, 8
~rix, 1,6,7,8
~zi,2
praec,ox, 1, 2, 8
tenella, 1, 2, 7, 8
Ele~, transmission by thin
films, 451
Elementary schools, evaluation, 515
Encoptolophus, 227
sordida, 228
sordidus, 227
sordidus costalis, 228
sordidus ~s. 228
En~o~gacearum, 27,631
Endothia parasitica, 659
~riens, 324
Eneopterinae, 311, 324
Engineering replacement in Iowa
industry, 466
Engoniaspis testaceus, 296
Ephippitytha gracilipes, 275
Epicoccum, 660, 663, 695
nigrum, 695
Epilamprinae, 172, 182
Epilamprites, 182
Equations, nonidentical, analogies, 523
Erbium, capacities at low temperature
heat, 499
Eresmus seudderi, 218
~. 203, 209
simplex, 209
simplex simplex, 210
simplex tricarinatus, 209, 210
tricarinatus, 210
variabilis, 209
Er otettix simplex, 21 0
Escherichia coli, 96, 99, 101, 102
Estrogenic substances in livestock
feeds, 510
European corn borer infestation, 374
fall population survey, 61
population in field corn, 457
resistance in corn, 489
Euxesta major, 83
Extension Service, agricultural,
administration and teaching, 525

Family living, sociometric scores of
High School students, 390
Farm ponds, fish population, 468
Farm rental practices, 436
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Farm rental obstacles to land
improvement, 520
Farming in Iowa, cash-grain, 421
Farms, dairy-, in Pennsylvania, 424
Feedback of transistor circuits, 413
Fertilizer production function in relation
to decision making, 521
Fish population in Little Wall Lake, Iowa
679
in Iowa farm ponds, 468
scale method for determining age
and growth, 680
Fluidization, mechanism of, 453
Functions, types of, 502
Fungi from birds, 659
Fungicide, affecting growth of
Rhizobiurn, 95, 99, 101, 102
-coated glass beads, 98
legume seed protectant, 95
Furan nucleus, attack on, 473
Fusarium, 660, 663, 695
~s, 695
Gadolium, capacities at low temperature
heat, 499
Gases, fission fragments, 422
Geotrichurn 660, 662, 670
Glycine~· 106
Gomphocerus ~· 216
pelidnus, 213
simplex, 209, 210
Grackles, bronzed, roosting of, 379
Grain, protein-, substitution, 533
Graphiurn, 660, 663, 694
Grasshoppers of Iowa; 163
Grass Lake game area, 39,41,42
Gryllac rididae, 1 71, 2 98
Gryllidae, 171,310,311
Gryllides, 310, 312
Gryllinae, 311, 312
Gryllotalpa borealis, 327
colurnbia, 327
hexadactyla, 327
longipennis, 327
Gryllotalpida, 326
Gryllotalpidae, 171, 326
Gryllus abbreviatus, 312
aequalis, 235,236
arnericanus, Z46
assimilis, 312, 313
bipunctatus, 323
bivittatus, 268
brevicornis, 205
carolinua, 18 7, 234
domeaticus, 314
fasciatus, 316
locusta carolinus, 234
~us, 312
nubilus, 219
~ns, 319
pennsylvanicus, 312
pus illus, 315
sulphureua, 223, 225

trifasciatus, 237
domesticus, 314
(Acheta), 312
~esticus, 312, 314
gryllotalpa, 327
(~ta) grossus, 2-16
tartaricus, 245
Guatemala corn with rootworrn injury, 75
in the dry seas on, 83, 84
strains resistant to Diabrotica spp.,

85
variability in resistance, 86, 89, 90
Hadrotettix trifasciatus, 23 7
Ha pi thus agitator, 325
agitator agitator, 325
Helminthosporium, 660, 663, 694
sativum, 694
~e. 150
Herbicides, action on woody plants, 415
Hesperotettix, 245, 250
brevipennis, 251
pratensis, 250, 251
speciosus, 250,251
viridis, 250, 251
viridis pratensis, 250
Hippiscus, 229
apiculatus, 231
haldemanii, 232
phoenicopterus, 232
rugosus, 23 0
tigrinus, 232
tuberculatus, 231
variegatus, 23 0
zapotecus, 233
(Xanthippus) latefasciatus, 233
zanotecus, 233
zapotecus, 233
Horne economics in land-grant
institutions, 42 6
Horistonotua rufiventria, 79
Hormone, plant-, action, 420
Hyalopus, 660, 662, 671
Hydrocarbon oxidation, catalysts, 364
Hydrogen bromide addition to olefins,471
Hypochlora, 245, 249
alba, 249
Insulin, amino acid residues, 377

Ionization yields in -gases, 422
Ischnoptera, 172, 173
b olliana, 1 7 5
bOrUlia, 176
~iforrnia, 173
morio, 1 73
~ylvanica, 177
uhleriana, 175
(var.) fulveacens,176
unicolor, 176
Kakerlac fuliginosa, 182
King rails in Iowa, 512
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Lactobacillus arabinoeus, response. to
E_-fluorophenylalanine, 368
acylase system, 475
Lambs, estrogenic substances for, 510
Navajo crossbred range, 496
Land-grant institutions, home economics
in, 426
Land improvements, obstacles to, 520
Lanthanum, vapor pressures, 400
Lard processing costs, 432
Legume seed protectants, relative
toxicity to Rhizobium, 95, 99, 1 0 l, 102
Lepomis cyanellus, 679
Litaneutria minor, 186

ocularis,~
Livestock, feed utilization, 443
feeds, estrogenic substances in, 510
~a apiculata, 231
camellifolia, 281
curvicauda, 277
fasciata, 291
~folia, 279, 280
(Chloealtis conspersa, 214
Lotus corniculatus L., 365
Lysoxyme, proteolysis of, 438
Maize, 106, 109, 121, 122
cross-incompatibility in, 530
embryo, changes during germination,
479
embryology, 133
mutations in inbred lines, 491
plant in relation to corn borer
infestation, 374
Maleic hydrazide, cytohistological
responses of plant m e ristems, 105, 116
histological responses, 112
. morphological responses, 106
Manornera blatchleyi, 192
Manteidae, 185
Manteinae, 185, 186
Mantidae, 1 70, 185
Mantides, 185, 186
Mantis aridifolia, 188
Meats, packaged, storage changes, 449
Mecostethus lineatus, 217
platypteru;;:-liS
Megaphasma ~s, 192
Melanconiaceae, 660,670
Melanoplus, 245, 251, 252
abditum, 255
albus, 249
;:rr;;tl. 2 5 7
~tipennis, 253, 262, 263
atlanis, 259
~atus, 254, 268
blatchleyi, 256
borealis junius, 253, 262
angustipe~rnpiger, 263
bruneri, 253, 258
~s. 254,266
dawsoni, 252, 255
~tiatlis, 253, 266
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differentialis differentialis, 267
extremus, 262
fasciatus, 252, 257
femoratus, 268
femur-rubrum femur-rubrum, 253, 261
flavidus, 270
~due, 253,270
flu~. 265
foedus fluviatilis, 253, 265
gla:ds"toni, 253, 269
gracilis, 252,254
huroni, 252, 257
impiger, 263, 264
infantilis, 2 54, 2 7 0
islandicus, 252, 258
junius, 262
keeleri luridus, 254, 265
~.265
~nus~, 259
rnexicanis mexicanus
minor, 266
~rosus viola, 253, 257
packardii, 253, 264
punctulatus, 269
punctulatus griseus, 253, 269
rusticus obovatipennis, 252, 255
scudderi scudderi, 252, 256
spretus, ~
viridipes viridipes, 252, 254
walshii, 253, 256
Me~ra, 660, 661, 668
Mental defectives, vocational placement
of, 492
Mermiria, 203, 206
bivittata, 206, 207
~tera, 204
rnaculipennis macclungi, 206, 207
neomexicana, 206
Mestobregma kiowa, 241
kiowa kiowa, 241
~si, 241
Me~, 203, 205
brevicornis brevicornis, 205
Meta tor pardalinus, 242
Microcentrum rhombifolium, 279
Microorganisms, effect of ammonium
compounds on growth, 526
Microorganisms of rumen,
cellulose-digesting, 129
Milk fat, oxidation in, 517
plants, spray drying costs, 44 7
production, forage and grain in, 361
whole-, creameries, manufacturing
costs, 411
Miogryllus, 314
verticalis, 315
Monazite rare earth nitrates,
separation from multicomponent, 380
Moniliaceae, 660, 670
Monolepta, 77
Mortierella, 660, 661, 666
turficola, 666
Mo~ceae, 666
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M:ucor, 660,661,664
fragilis, 665
hiemalis, 665
mucedo, 665
varians, 665
M:u~ae, 663
M:ucorales, 660,665
M:yrmecophila pergandei, 326
M:yrmecophiliens, 325
M:yrmecophilinae, 311, 325
Nectriaceae, 668
Nemobiinae, 311,315
Nemobiliites, 315
Nemobius, 315
bruneri, 316, 31 7
~s carolinus, 316,318
confusus, 316,318
fasciatus, 316
griseus, 317
griseus, 316,317
maculatus, 316,317
vittatus, 316
Ne~ephalus, 282
ensiger, 283, 284
nebrascensis, 283,284
retusus, 283,285
~s, 283
crepitans, 283,284
robustus, 283
Neoxabea, 319,323
bipunctata, 323
Nigrospora, 660,663,693
sphaerica, 693
Niobium-thorium, alloy system, 402
-vanadium, alloy system, 402
Nitidulidae, 65 9
Nomotettix, 194
cristatus, 194, 195
compresaus, 195
cristatus, 195
parvus, 195
Nuclides, short-lived, 434
Nuthatch, 661
Nutrient intake of Iowa children, 497
Nutrition, values and process concepts,
371
Nutritional factors in food and fodder
yeast, 504
Nyctibora noctivaga, 184
sericea, 184
Nyctilioritiae, 172, 184
Nyctobora, 184
Nyctoboridae, 184
Oak wilt, causal agent, 27
fungus, 659
Oats, 106, 109, 121, 122
chromosomal aberrations, 398
Oecanthinae, 311,318,319
Oecanthites, 318
Oecanthus, 31 9
angustipennis, 320

argentinus, 322
exclamationis, 320, 321
fasciatus, 321

~··

320,321
nigricornis, 320, 321, 322
nigra::ornis argentinus, 3ZZ
nigroc ornis nigroc ornis, 322
nigrocornis quadripunctatus, 323

niveus, 3ZO

{jWldripunctatus, 322, 323
Oedipoda aequalis, 236
carinata, 223
~.234
collare, 236
~s. 236
~pes, 233
costalis, 228
~lis, 242, 243
haldemanii, 232
(Hippicus) ~· 229
kiowa, 240, 241
~ennis, 235
Pardalophora), 230
pellucida, 229
phoenicoptera, 230, 231
rugosa, 230
rugosus, 23 0
sordida, 227, 228
~ptera, 223
Oedipodinae, 202, 221
Oligonicella scudderi, 189
Oligonyx s~, 189
Oncopeltus ~· development of
ovaries, 532
Onion, infection of, 4 74
~· 203,205
obscura, 205
Opomala bivittata, 207
brachyptera, 204
neomex.icana, 206
Opsomala biviltata, 207
Orchardgrass, topcross and polycross
progeny tests, 528
Orchelimum, 285, 286
concinnum, 286, 287, 289
concinnum, 289
delicatum, 289
cuticulare, 286
gladiator, 286, 287
longipenne, 289_
nigripea, 286,287,288
ailvaticum, 286, 287, 288
volantum, 286, 290
vulgare, 286,287
Orchesticus nigromarginata, 297
Organisilicon, radicals free of, 399
Orphula pelidna, 213
speciosa, 212
Orphvlella, 211, 212
pelidna pelidna, Z 1 Z
speciosa, 212
Orphylella, 211
Orthoptera, key to families, 170

SUBJECT INDEX
Orthoptera of Iowa, 163
order of, 169
Orthopteres, 169
Otthia, 660, 661, 668
Oxindole series, 483
Oxycoryphus obscurus, 205
Pachybasium, 660, 663, 692
Paecilomyces, 660, 662, 691
varioti, 691
Pa~, 182, 183
cubensis, 184
pulchella, 183
Pantothenic acid requirements of
weanling pigs, 3 73
Papularia, 660, 663, 693
sphaerosperma, 693
Paradlophora apiculata, 231
Paratettix, 199
cucullatus, 200
cucullatus, 200
Paratylotropidia, 245, 272
brunneri, 272
Parcoblatta, 172, 173, 174
bolliana, 174, 175
~. 174,175,177
fulvescens, 174,175, 176
lata, 174, 175, 176
-p;-nnsylvanica, 174, 175, 177
uhleriana, 174, 175
virginica, 174, 175, 176
Pardalophora, 23 0, 231
apiculata, 231
haldemanii, 231, 232
phoenicoptera 231
Pediodectes, 295, 296, 297
nigr omargina ta, 2 97
Penicillium, 660, 662, 678
aurantio-virens, 678, 689
charlesii, 678, 681
citrinurn, 678, 682
commune, 678, 684
corymbiforme, 679, 690
cyclopium, 679, 687
decumbens, 678,680
frequentans, 678, 679
funiculosum, 679, 684
granulatum, 679, 688
herquei, 679,686
janthinellum, 678, 681
lanoso-coeruleum, 678, 683
lanosurn, 678,683
~ii. 679, 688
palitane, 679, 686
puberulum, 679, 687
purpurogenurn, 679,685
rubrum, 679, 685
steckii, 678, 682
~. 679,689
~ani, 678, 680
Perbrorna tea, preparation of, 401
Perchlorate ion, kinetics of reduction,
480
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Periodate ion with glycol, complex
formation and activation, 387

Periplaneta, 181
americana, 181
australasiae, 181.182
fuliginosa, 181, 182
orientalis, 180
Pestalozzia, 660, 662, 670
torulosa, 670
Pe~ acutipennis, 250
alba, 249
albus, 249
~oni, · 255
gracilis, 254
junius, 262
mexicana, 258
nebrascensis, 271
obovatipenis, 255
occidentalis, 256
olivacea, 250
scudderi, 256
speciosa, 251
viola, 257
Ph~opsis (Daihinia) robusta, 310
Phaneroptera curvicauda, . 277
curvicauda curvicauda, 277
pistillata, 277
s eptentrionalis, 2 7 7
Phaneropteridae, 274
Phaneropterinae, 274,275
Phasianus c olchicus, 3 9
Phasmida, ~
Phasmidae, 170, 189
Phlibostroma, 203, 211
quadrimaculatum, 211
Phoctaloites nebrascensis, 271
Phoetaliotes, 245, 271
nebrascensis, 271
Phoma, 660, 662, 668
~opsis, 660,662,669
Phosphorus, soil, 3 61
Phycomycetes, 660
Phylloptera rhombifolium, 279
rotundifolia, 280
Pigs, weanling, pantothenic acid
requirements, 373
Pisum root, 106, 124 .
Plant hormone action, 420
meristerns, response to maleic

hydrazide, 392
Plants, Central .American, adaption
to Iowa, 501
Platamodes pennsylvanica, 177
PlatyPhyllurn concavum,_ 282
Popcorn, 134, 138
Pork production, protein-grain aubatitution, 533
Potatoes, Iowa grown, chipping quality,
378
Praseodymium, vapor preasurea, 400
Production prQgrams for interdependent
activities, 367
Propane, catalytic oxidation, 418
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Pseudomonas aeruginosa, metabolism of
glucose, 395
Pseudomopinae, 172
Pseudophyllidae, 281
Pseudophyllinae , 274, 281
Pseudopomala, 203, 204
brachyptera, 204
Psinidia, 242
~tralis fenestralis, 243
fuscifrons, 24 l
pardalina, 242
Psychrometry, theory of, 463
Pterophylla, 2.81
camellifolia camellifolia, 281
Pullularia, 660, 663, 693
pullulans, 693
Pycnoscelus, 182, 183
surinamensis, 182
Pyrausta ~ (HBN. ), 457
Pyrenochaeta, 660, 662, 669
Pythium debaryanum, 96, 101,102
Range resource use, western, 430
Rare earth metals, heats of solution, 410
Rare earths, separation of individual, 380
Rhaphidophora ~· 304
maculatus, 300
Rhaphidophorae, 298
Rhaphidophorinae, 298, 299
Rhizobium japonicum, 95, 96, 97, 98, 99,
100, 101.102
leguminosarum, 95, 96
meliloti, 95, 96, 97, 98, 99, 100, 101, 102
~ toxicity of legume seed
protectants to, 95, 99, 101, 102
Rhizopus, 660,661,664
nigricans, 664
Rhomaleae, 243
Ring-necked pheasant, winter-spring
movements in northern Iowa, 39
game area, Birge Lake, 39,40,41
Grass Lake, 39,41,42
Romaleinae, 202, 243
Rootworm injury on Guatemalan corn, 75
in the dry season, 83, 84
strains resistant to Diabrotica spp. 85
variability in rrsistance to, 86, 89, 90
Rumen, cellulose-digesting microorganisms of the, 129, 130
·
metabolism of cellulose, 444
Ruminococcus flavefaciens, 129

Schistocerca, 245
albolineata, 24 7
alutacea, 246, 247
americana arnericana, 245, 246
emarginata, 24 7
lineata, 246, 24 7
~ra, 247
~aa, 247
Scolecotrichum graminis, 637
Scopulariopais, 660, 662, 691
brevicaulis, 691

Scudderia, 275,276
curvicauda, 277
curvicauda, 276, 277
furcata, 278
~cata, 276, 278
fur~ 278
pistillata, 276, 277
septentrionalis, 276, 277
texensis, 276,278
Seed protectants, relative toxicity to
Rhizobium, 95, 99, 101, l 02
Selenious acid, hydrogen peroxide
oxidation, 434
Settling, mechanism of hindered, 453
Soil conservation, effects on farm
profits, 3 70
factors affecting crop yields, 495
improvement practices, 370
phosphorus, 361
moisture movements, 486
So~la, brunizem-gray-brown podzolic,
529
~a~· floral induction, 408
Solvent extraction of meat and fish offal
366
Sora in Iowa, 512
Soybeans, 106, 109,121.122
Spartina, taxonomy and distribution, 467
Spectra, infrared, of aromatic compounds, 462
substituted benzene, molecular
orbital treatment, 416
Spectrochemical analysis, reading, 383
Spectrum femoratum, 191
Sphaeragamon aequalis, 236
collaris, 236
Sph~ae, 668
Sphae rial es, 660
Sphaerioidaceae, 660,668
Sphaeropsis, 660, 662, 670
Spharagemon, 235
aequale, 23 6
bolli, 235
--"bolli, 23 5
collare, 235, 236
equale, 235, 236
Sporotrichella, 660, 663, 692
rosea, 692
Spor0t;ichum 660, 663, 692
epigaeum var . terrestre, 692
Stagmatoptera ~· 186
Stagmomantis carolina, 187
Statistical inferences, disturbances,435
Stauronotus elliotti, 220
Steirodon tho~us, 279
Stenobothria curtipennis, 215
tricarinatus, 210
Stenobothrus admirabilis, 208
aequalis, 212
coloradus, 208
curtipennis, 215
quadrimaculatus, 21 l
specioaus, 212
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Stenobothrus tricarinatus, 210
Stethophyma, 204, 216, 217
gracile, 217
lineatum, 217
~rum, 217,218
Stilbaceae, 660, 694
Stipator grandis, 297
Streptococcus bacteriophage, lactic, 416
Stress-strain characteristics of materials
404
Sunfish, green, growth of, 707
Supella supellectilium, 179
Superphosphate, quick-curing of, 405, 442
Swine, carcass characters, 362
Swine, crosses of inbred lines, 403
Duroc, production, 455
Syrbula, 203-207
admirabilis, 208
leucocerca, 208
Tachycines asynamorus, 299
Temnopteryx deropeltiformis, 173
lata, 176
~ginica, 176
Tenodera, 187
aridifolia var. sinensis, 188
sinensis, 188
Te~s, 193, 194
Tetrigidae, 171, 193, 194
Tetriginae, 194
Tetrix, 196
~adieus acadicus, 196. 198
ar'enosa, 199
~tus, 200
gibbosa, 199
granulatus, 196
hanc ocki, 198
meridionalis, 200
obscura, 199
~. 196,197
Te~ 200
acadica, 198
lateralis, 200
parvipennis, 201
parvipennis, 201
pennata, 201
polymorpha, 201
Tettigoniae, 273
Tettigoniidae, 171, 273, 27·4
~ angustum, 199
arenosus, 199
cucullatus, 200
femoratus, 199
gibbosus, 1 99
granulata, 196
granulatus, 196, 197
hanc ocki, 198, 199
obscurus, 1 99
ornata, 197
~m, 197
ornatus, 197
Th~ceae, 666
Thamnidium, 660, 661, 666
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elegans, 666
Thespides, 188
Thespinae, . 185, 188
Thielavia, 660, 661, 667
terricola, 667
Thorium capacities at low temperature
heat, 499
photofission, 428
spectrophotometric determination of
(See also "Alloy system")
Tomonotus carinatus, 223, 224
pseudo-nietana, 225
sulphureus, 225
xanthopterus, 223
Trachyrhachinia cincta, 241
Trachyrhachis, 240
cincta, 242
~ata, 240
kiowa, 240
~cifrons, 241
kiowa, 240, 241
~si, 241
Tragocepilaiainfuscata, 226
viridifasciata, 226
Transistor circuits, 413
Transmission line, zero-sequence

impedance, 411
Trichoderma, 660, 671
album, 671
~um, 671
Tridactylidae, 1 I1, 327
Tridactylites, 327
Tridactylus, 328
apicalis, 328
apicialis, 328
minutus, 328, 329
Tr~ns, 323
Trigoniidinae, 311,323
Trimerotropis, 23 7, 238
aequalis, 23 6
~a, 239
laticincta, 23 9
maritima interior, 238
pallidipennis salina, 239
salina, 239
Tu~lariaceae, 660, 695
Udeopsylla, 299, 310
nigra, 310
robusta, 310
Ur~thorium-zirconiurn alloy
system, 394
Vanadium-zirconium alloy system, 532
Vertebrate testes, histochemical
reactions, 394
Verticillium, 660, 663, 692
terrestre, 692
Veterinary medical aptitude test, 476
Vicia roots, 106, 124
Virginia rails in Iowa, 512
Vitamin A in dairy calf blood plasma, 721
Vitamin Bu. acid hydrolysis, 141
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Vitamin B 12 heating in dry nitrogen, 143
Wall Lake, Little, fish population, 679
Water, electronic structure of, 407
table behavior, 524
Wiesenboden, loess-derived, profile
properties, 490
Woodpecker, downy, 661
hairy, 661
red-bellied, 661
Xabea bipunctata, 323
Xanthippus corallipes latefasciatus, 233
Xiphidium brevipenne, 292
attenuatum, 293, 294
br evipennis, 2 92
ensiferum, 2 92

fasciatum, 291
lanceolatum, 293, 294
longipennis, 289
modestum, 294
nemorale, 292
nigropleurum, 293
saltans, 2 94
strictus, 293
Yeast, nutritional factors in food and
fodder, 504
responses to 2, 4-D, 511
Zea, development of embryo, 133
~-hybrids, 134,138

mays, 106, 126
Zirconium compounds, preparation of,
507 (See also "Alloy system")

