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Yellow dwarf is a comparatively new communicable disease of the
cultivated onion and the literature pertaining to it is rather meager. Recently the writers (1) demonstrated the ability of certain species of plant
lice to serve as agents for conveying this causal agent from diseased to
healthy plants. In further work many significant facts concerning the
transmission, development and behavior of the disease under greenhouse
conditions have been determined.
Since the natural spread of yellow dwarf apparently depends solely
upon its insect vectors, the role played by aphids in epidemics needs further perscrutation. Although many attempts to use the bulb mite (Rhizoglyphus hyacinthi Boisduval), the greenhouse whitefly ( Trialeurodes
vaporariorum Westwood), the red spider (Tetranychus telarius Linn.), the
onion thrips (Thrips tabaci Lind.), springtails (Collembola), leaf bugs
( Miridae), leaf hoppers ( Cicadellidae), onion maggots ( Anthomyiidae and
Ortalidae), and numerous other insects as vectors of the disease have been
made, the experiments have given negative results, except in a very few
cases with the six-spotted leaf-hopper ( Oicadula sexnotata Fall) and in one
instance with a mealy bug (Phenacoccus sp.) found on greenhouse plants.
On the other hand, many careful experiments in the greenhouse with the
bean-aphid (Aphis rumicis Linn.) 2 , apple grain aphid (Rhopalosiphum
prunifoliae Fitch), green peach aphid (Myzus persicae Sulzer), melon
aphid (Aphis gossypii Glover), potato aphid (Macrosiphum gei Koch) and
the corn leaf aphid (Aphis maidis Fitch) have positively shown that these
species are conveyors of the yellow dwarf disease.
The present paper deals only with those experiments in which insects
showed repeated ability to serve as vectors of yellow dwarf. In a subsequent article the experiments with insects which showed inability to serve
as vectors of the malady will be discussed. Contrary to a statement in the
recent literature the vectors of yellow dwarf are not confined to a local
area in the state, but are widely disseminated in the United States and
Canada. Seme occur even on other continents. In the greenhouse studies
the first transmissions of yellow dwarf were secured in December, 1930, by
the corn leaf and the apple grain aphids.
A cursory examination of the publications relating to virus diseases of
plants is sufficient to show the importance of members of the family
Aphididae as active agents in the transmission of these diseases. Because
of the unstable and at times almost insouciant feeding habits of the volant
migrants, certain species of aphids are efficient carriers of the viruses of
1

2

Journal Paper No. B53 of the Iowa Agricultural Experiment Station, Ames, Iowa.
Aphididae determined by Dr. F. C. Hottes.
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Fig. 1. Types of cages used for confining aphids on growing onions: a, aphids
feeding upon diseased plant; b, c and it, cages adapted for confining viruliferous aphids
upon entire or part of plants (control plants not caged).

many plant maladies. The behavior and migration of these insects are
governed largely by their host specificities, periodic or seasonal hostrestrictions, numerical abundance, high capacity for reproduction, and
the availability of food plants. Some species are monophagous, whereas
other forms are oligophagous or polyphagous and feed with various degrees of success upon many different kinds of plants during the growing
season. Strangely enough, the secondary or summer hosts of polyphagous
aphids serve only for parthenogenetic reproduction, for in the fall at the
approach of cold weather, these species, like tourists returning from vacations, go back to the primary hosts. At this time or just before, the sexuparae appear and soon afterwards the sexuales. The oviparous females on
the primary host then lay the eggs which serve to carry the species through
the inclement season. Under field conditions in Iowa, most aphids spend
the winter in the egg stage on branches of the primary host, which in the
majority of cases is either a tree or shrub. In the experiments herein reported no work was done with the fundatrices, spuriae apterae, sexuales, or
spring and fall migrants, the greenhouse studies being confined entirely to
the agamic viviparous forms found on the summer host.
With favorable food plants and optimum conditions of temperature
and relative humidity during the spring and summer, plant lice multiply
very rapidly and often thickly populate and overrun their hosts. This
overcrowding, together with the age and varying degree of succulency of
food plants, tends to accelerate migration. In all species, however, there is
in the winged individuals an inherent urge to wander so that under field
conditions migration, which can neither be started, stopped, nor in any
way greatly modified, occurs almost incessantly. Many graminivorous,
herbivorous, and polyphagous species wander about in the spring, summer
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and fall in search of new and less densely populated host plants, and thus
tend to fill up any habitable gaps occurring in the environment.
In order to determine the distribution of the causal agent of yellow
dwarf in the growing onion, aphids were confined on very limited sections (roots, bulbs, stems and various parts of young and old leaves such as
the tip, central portion and base) of diseased sets and mother bulbs for a
period of ten to twenty hours, after which they were transferred to healthy
plants. In due time these showed unmistakable symptoms of the disease,
thus proving that the infective principle resides in all these vegetative
parts. Even wilting leaves, detached from diseased plants, served effectively as sources of inoculum. Parallel experiments, on the other hand,
proved that healthy plants may be infected through the feeding of viruliferous aphids on the roots, bulb or stem, as well as on various parts of young
and older leaves. Under certain field and greenhouse conditions the symptoms of yellow dwarf may be completely masked and not visible until after
the bulbs have undergone a rest period and subsequently have been regrown. In num,erous tests it was found that masked plants, both young and
old, are capable of infecting plant lice, which, when so contaminated, can
convey the disease to healthy onions. In this connection it should be noted
that those leaves on diseased plants which show no external evidence of
the disease are also capable of serving as sources of inoculum for plant lice.
Viruliferous seedlings, sets, mother bulbs and commercial onions in which
the symptoms are masked thus may serve not only as a means of carrying
the disease from season to season, but also as a source of infection for in-

a

Fig. 2. Insect-proof cages: IA and 3A, control plants; 2A and 4A, plants exposed
to feeding of viru.s-bearing aphids; a, compreseed air-line; f, cellulose cotton filter for
removing oil from compressed air; a, line for delivering air to cages; o, outlet of cages,
showing cylinder containing glass-wool to keep out minute insects; t, thermometer.
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Fig. 3. Inoculation experiments in 120 eet onions: A, showing daily initial expressions of yellow dwarf in 114 plants; B, total daily expressions of the disease in 114
out of 120 plants (6 plants failed to show symptom) .

sect vectors during the first season as well as after the bulbs have been
regrown the second year.
During their migrations and fortuitous wanderings in the spring,
summer and fall, many aphids, especially markedly polyphagous species,
by chance or necessity rest upon and imbibe the juices of plants which can
function neither as primary nor secondary hosts. Because the aphids are
not able to breed or even live for any period of time upon them these
ephemeral host plants serve purely as temporary sources of nourishment
for the shifting migrants. The onion thus may be termed a transient host,
merely serving to help sustain the wandering lice during migration. In
the case of yellow dwarf the migrating aphid may convey the virus from
diseased to healthy onions, while the plant serves solely as a temporary
host for the transients. When confined on the onion plants, nymphs and
alate and apterous plant lice perish within a period of from three to six
days; in fact, young nymphs, either born upon or transferred to the leaves
of onion, die before ·attaining the adult stage, and mature viviparous
females soon stop reproducing and perish. Some species, however, imbibe
the juices much more freely than others.
The aphids used in the greenhouse experiments consisted of summer
generations composed largely of apterous viviparae. Since the cultivated
host plants were not susceptible to the disease, and since the aphids were
colonized in separate rooms, there was · little danger of aphids or onions
becoming accidentally infected with the virus prior to the transmission experiments. From time to time non-infected aphids were caged on healthy
onions as controls. Other plants not exposed to attacks of aphids were also
used as controls. The total number of these control plants amounted to
nearly twice that of the experimental ones, but in no instance did they
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show any symptoms of yellow dwarf. In all of the experiments efforts were
made to use young and vigorous aphids from small colonies feeding upon
healthy hosts. .At regular intervals new colonies were started so as to
maintain a continuous supply of the insects. Yellow bottle-neck onion sets
of a uniform size, grown at Clear Lake, Iowa, and free from yellow dwarf
virus, were used in the experiments. In order to have a succession of young
onions for experimentation some sets were planted every two or three days.
.After onions have been grown in a greenhouse for several weeks thrips become extremely abundant and make it imperative that a definite spray program be followed. The plants, therefore, were sprayed regularly at intervals
of three days with nicotine sulphate or pyrethrum-soap solution to reduce
the population of onion thrips. The experim:ental plants were caged only
during the inoculating period. On the fourth day the cages were removed
and both plant and cages were carefully sprayed to make certain that no
plant lice escaped in the experimental room.
.After healthy plants have been exposed to viruliferous. aphids, the
first visible expressions of yellow dwarf generally appear within a period
of from five to twelve days, In a series of carefully planned experiments
aphids were found to be very efficient conveyors of the virus of yellow
dwarf. The results of some of these. experiments are given in figures 3
and 4. Viruliferous aphids (Fig. 3) were confined on 120 plants and 114,
or 95 per cent of these set onions, developed typical symptoms of the dis120
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ease. The remaining six bulbs have not as yet been tested to see whether
the disease was in masked form or whether the aphids failed to inoculate
these plants. The length of time necessary for the appearance of the diagnostic characteristics of the disease in 500 transmissions to set onions by
A phis rumicis (Linn.) is depicted in the accompanying chart (Fig. 4).
In this connection it is interesting to note that in slightly over 42 per cent
(214) of the sets the first visible symptom expressions of the disease appeared on the seventh and eighth days after exposure to virus-bearing
aphids. As was evidenced by a few stragglers, a small percentage of the
plants had an arrested or prolonged development of the infection resulting
in a temporary masking or restriction of the external manifestations of the
disease.
In many tests using one, two, three, four and five infective aphids,
respectively, it was found that one individual was capable of inoculating a
plant, but the percentage of transmission under such conditions was much
less than when a higher number was used. Aphids caged for thirty minutes
on diseased plants and then transferred individually to healthy onions for
a similar period of time successfully inoculated them, thus in a way demonstrating the extreme infectiousness of the disease, as well as proving
conclusively that wandering plant lice may become carriers or, if already
infective, inoculate plants by single feedings. In these preliminary tests
using a few or an individual aphid as compared with those using a series
of ten to fifteen there seemed to be no appreciable difference in the incubation period in the plant as evinced by the first appearance of unmistakable expressions of the disease.
It was very patent that some individuals of a given species do not
feed as readily on the onion as others. In order to feel fairly certain that
feeding actually occurred it was found of value in the majority of cases to
use a series of from ten to fifteen aphids per plant in the inoculation tests.
In some cases from 50 to 100 or more infective plant lice were caged on
a healthy plant, but the visible expressions of the disease did not manifest
themselves any sooner than in those plants where the usual number was
used. In a long series of tests infective aphids were transferred from one
disease-free plant to another at intervals of four hours for a period of
several days. After a few transfers the aphids became non-infective. In
these tests there was either a rapid decrease or a sudden stop in the number of infections after the second transfer.
The appearance and reactions of the onion plant after exposure to the
feeding of virus-bearing plant lice were observed carefully and recorded
each day. These daily observations were made between eight and ten
o'clock by the same individual so as to give uniformity in the tests and,
hence, comparable data. In most instances the aphids were infected by being
caged on r elatively new foliage of plants showing typical symptoms of
yellow dwarf. In one instance a diseased onion, used as a source of inoculum
over a period of a few weeks, served for infecting more than 10,000 aphids
without exhausting the supply of virus; from this test the role a single
diseased onion may play in epidemics of yellow dwarf is quite apparent.
The plants were grown in a room kept at temperatures sufficiently low
for the development of good onions, whereas the insects were reared in
other rooms at higher temperatures favorable for their rapid multiplication. Everything considered, the months of February, March and April

EXPERIMENTS WITH APHIDS AS VECTORS OF YELLOW DWARF

353

were most suitable for these studies under greenhouse conditions. The
greenhouse was lighted artificially (250 watt bulbs) on cloudy days and
at night until eleven o'clock during the months of February and March.
The original culture of the bean aphid (A.phis rumicis Linn.) used in
the long series of experiments was secured from Dr. F. L. Campbell, Bureau
of Entomology, Washington, D. C. This race feeds on nasturtium and
has been reared under greenhouse conditions for many years for toxicological and insecticidal tests by Richardson, Campbell, Shepard and others.
It is a well established fact that the virus of yellow dwarf overwinters
in diseased sets, mother bulbs and commercial onions. Such bulbs, together with diseased scullions and culls thrown in refuse piles and dump
heaps or left in the field, m,ay serve as sources of inoculum for the vectors
the following season. Because of the early development and appearance of
typical symptoms in diseased bulbs regrown the subsequent spring, the
relation of such bulbs to the spread of yellow dwarf is quite evident. Since
no perennial wild host has as yet been found in the fields of Iowa, the diseased onion bulb appears to be the true reservoir of the overwintering
virus.
Aphids are capable of conveying the infection to healthy onions almost
immediately after having fed upon a diseased plant. Conversely, on the
third or fourth day after being bitten by infective plant lice, the onion
becomes a source of infection for aphids. After this short incubation of
three to four days, diseased plants remain a constant source of inoculum
as long as the aphids are able to extract the juices from them. Such diseased sets or bulbs, when regrown the following spring or left in the field
after harvest to sprout and grow as volunteers, again become sources of
infection for the vectors. On the other hand, aphids soon lose the virus
unless constantly reinfected from diseased plants; after being caged on
wild or cultivated hosts, or after a few transfers from healthy to healthy
1·
onions, they also become non-infective.
Viruliferous aphids were caged on set onions soon after the tips of the
new leaves appeared. In many instances the first expressions of the disease
showed on such sets while the bulbs were still in the three-leaf stage.
Mature or nearly mature plants and slow-growing and unhealthy ones do
not seem to be so easily infected as healthy and rapidly-growing young
onions. More masking also occurs in the older plants than in newly started
sets, mother bulbs and young seedlings. The degree of injury depends
considerably upon the stage of growth and size of the bulb when the vectors
inoculate its foliage. If infected so~n after the new foliage appears, sets
frequently fail to make any appreciable growth. The principal losses are
due to the failure of diseased plants to manufacture and store sufficient
food for the development of commercial onions. Since the actual sources of
yellow dwarf infection at the beginning of each season are onion bulbs
infected the previous year, and since the spread of the virus from diseased
to healthy plants depends solely upon insect vectors, the control of the
disease is largely a matter of preventing infection of the new crop from
the overwintering virus and its subsequent wholesale dissemination by its
insect vectors.
Spraying to prevent the spread of yellow dwarf by insect vectors is
expensive and has extremely limited possibilities. Complete destruction
of all crop remnants along with the use of disease-free sets produced in
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non-infected areas constitutes the most practical remedial measure. Since
the disease is not seed borne and since aphids are delicate flyers and also
soon become non-viruliferous when removed from diseased plants, it is
possible to produce disease-free sets within a few miles of infected
fields. In the experiments for the control of onion thrips and maggots,
many different combinations of spray materials have been used. Indexing
of the sets produced in these experimental plots has disclosed that certain
sprays had a noticeable effect in lessening the percentage of yellow dwarf
infection. The foremost of these sprays was a combination of miscible oil
(1-1.5 per cent) in bordeaux mixture ( 4-4-50) with pyrethrum soap
(1-1000) or nicotine-sulfate (1-1000). Three to five applications of the
sprays were made at weekly intervals. Those sprays which might have
served to kill, or repel the aphids for several days, seemed to give better
results than those containing more quickly-disappearing contact ingredients. In some of the check plots the infection with yellow dwarf was as
great as 60 per cent, whereas in the plots sprayed with the above mentioned
material infection was reduced to less than two per cent.
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during infections with, 309
Esters, sulfonic, 11
Erythrocytes, 227
Ethylene, 3
Ethyl furylacrylate and p.thiocresol, 388
Explosion mixtures, band spectra produced
by, 477
Fermentation -0f levulose by some bacteria
of the genus Aerobacillus, 457
Ferr-0silicon, 468
First supplementary list of parasitic fungi
from Iowa, 357
Floral structures in genus Capsicum, 277
Fluorine method, in preparation of per
acids and their salts, 421, 422
Fungi, parasitic from Iowa, 357
Furan compounds, 11
Furan derivatives, physical properties of,
137
lachrymatory, 140- 141
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sternutatory, 140, 141
vesicant, 140, 141
Furan series, dyes -0f, 443
insecticides of, 441
lachrymators of, 441
Furan types, conjugated systems in, 381
Furfural diacetate, 441
Furfural and some of its derivatives, 439
Furfural and p-thiocresylmagnesium iodide,
386
Furfural and benzoyl furan with p-toluenesulfinic acid, 386
Furfural and p-thiocresol, 386
Furfural derivatives, 137
Furfural, hydrogenation of, 133
separation -0f produces, 133
Furylacrylic acid and p-thiocresol, 388
Furylacrylic acid and p-toluenesulfinic
acid, 388
Furfuryl alcohol, identification of, 133
Furfuryl chloride, 12, 390
Furyl-alkyl groups, introduction of, 11
Furylacrylic esters, 137
Galvanized sheet iron, corrosion of, 414
Gas, production of
hydrogen, 2
ethylene, 2, 3
methyl alcohol, 3
methane, 3
Gasoline, 5
Glomerularia, host for parasitic fungi, 357
Glucose and sucrose, sterilization -0f solutions of, 417
Glucosazone, 34
Glucose derivatives, 33, 43
mono- and di-alkylated, 33
tri-, tetra., and penta-alkylated, 43
Glucose,
pentamethyl, 58
trimethyl, 43, 44
Glucoses, tetra-alkylated, 52
Graphitization of white cast iron, 435
Grignard reagents from halogenated tertiary amines, 427
Guanidine 1derivat'iv'es, physiol~"ical action of cystinyl peptid'es and, 4'31
Halides, 12
organomagnesium, 15
tetrahydrofurfuryl, 14
Halogenated tertiary amines, Grignard reagents from, 427
Hemoglobin, 229
Hemoglobin determinations, 238
Heterocycles, in furan types, 381
H examastix confusa n. nom., 319
Host parasite studies on Eimeria, 299
Hosts, differential, for cucumber virus, 108
Hosts for parasitic fungi in Iowa 361
Host-specificity studies, 312
'
Hybridization experiments with cucumbers
111
'
Hydrocarbons, combustion of, 1
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INDEX

Hydrocarbon flame, 7
Hydrogenation of furfural, 133, 136
Hydrogen,
flame in electrostatic field, 7
gas, production of, 2
molecule, 7
Hydrogen peroxide method in preparation
of per acids and their soils, 420
Hydrogen sulphide, 7
Infections of Eimeria miyairii, number of
oocysts produced, 308
Immunity of coccidian infections, 312
Insecticides of furan series, 441
Insulation board, design of plant for production of, 429
Integration, method of, 261
Introduction of furyl-alkyl groups by
means of sulfonic eSJters, 11
Iron-copper system, 413
Isosaccharosan, formation of, 374
Lachry'mators of furan series, 441
Lact ation in albino rat, dietary factors affecting, 463
Lactobacilli, study of, 447
Lactobacillus acidophilus, 450
L aotobacillus bulgaricus, 447
L. casei, 44 7
Leucocytes, 229, 233
classification of, 236
Levulose, fermentation of, 457
Ligrodes larvae, 319
Lower chlorides of silicon, preparation of,
467
Literature of alkylated carbohydrates, 33,
43
Lumber, synthetic, 469
Lycium barbarum, nectary in, 279
Malleabilization of white cast iron, effects
of molybdenum and chromium on, 435
Mercaptans, 137
Methane, 3
Methyl alcohol, 3
Methyl ether, 5-nitro-2.furfuryl, 389
5-Methyl-2-furfuryl chloride, 389
2-Methyl glucose, 33
Methyl saccharic acid, 34
Metallic sulfides, spectra of, 478
Micro-organisms, dilution method of estimating denstiy of population of, 251
Molybdenum, 435, 437
l\fono-alkylated glucooo derivatives, 33
Mono-alkyl glucoses, 33, 34, 35, 36, 37
Monocercomonas Grassi, 317
Monocercomonoides ligrodis n. sp., 319
Monocercomonoides n. nom., 318
Mono-furfuryl phthalate, 134
Mosaic, reactions of cucumbers to, 95, 102
in backcrosses of cucumbers, 113
source of virus of, 99
Myzus persicae, 104
Nectar, chemical study of, 278
secretion of, 277

Nectaries of Capsicum, 277
New and rare North American Collembola,
263
Nicotine, relative toxicity of, 287, 291, 296
5-Nitro.2-furfuryl acetate, 392
5-Nitrofurfuryl alcohol, oxidation of, 393
5-Nitro-2-furfuryl chloride and 5-nitro-2furfuryl methyl ether, 389, 391, 392
5-Nitrofurfuryl chloride and sodium
methylate, 393
Nitrogen, sulfur and, of wool, 395
Non-protein nitrogen, 147
Normal and cholera-infected blood, comparison of, 202
Normal swine, blood of, 143, 227
Normal swine, blood of, 173
total non-protein nitrogen in, 176
Norway rat, new species of Coccidium
from, 131
Nuclear nitro groups, 389
Observations onBacillus caliilolactis, 89
On the coagulation of blood from the cock_
roach Periplaneta orientalis (Linn.).
with special reference to blood &mears,
325
Oocysts, counting of, 301
measurements of, 301, 302
Organisms in butter cultures, 409
Organometallic compounds, abnormal r eactions of, 425
Oryzaephilus surinamensis (L.), 296
Osazone, 34
Oxonium compound, 388
Oxidation, sulfur, 65
Parasitic fungi from Iowa, supplementary
liSJt of, 357
Pentamethyl glucose, 58
Per acids and their salts, preparation of,
419
Periplaneta orientalis (Linn.),
coagulation of blood from, 325
Phlyctaena, host for parasitic fungi, 357
Phosphorus, compounds in blood, 154
Physalis aUcekenzi L., 101, 278
Physiological action of cystinyl peptides
and guanidine derivatives, 431
Physiological properties of oome furan derivatives, 137
Plodia interpimctella, 296
Preliminary experiments witli aphids as
vectors of yellow dwarf, 347
Preparation of per acids and their salts
419
'
Preparation of secondary and tertiary
fury! carbinols, 443
Preparation of the lower chlorides of silicon, 467
Probable error in estimating number of
micro-organisms in unit volume, 252 262
Production of insulation board, plant' for
429
'

INDEX

Production of yeast growth stimulants by
molds on various media, 4 71
Product of factors of type, 253
Propane, 1, 5
Propionic acid bacteria, classification and
nomenclature, 17
Propionibacterium, Orla-J ensen, 1909, generic diagnosis, 22
Propionibacterium Freudenreichii van Niel,
18
description of, 23
P. J ensenii van Niel, 18, 24
P. pentosaceum van Niel, 18, 24
P. P eterssonii van Niel, 18
description of, 23
P. raffimosaceum, 20
sp. nov., description of, 30
P. rubrum, van Niel, 18
description of, 29
P. Shermanii van Niel 18
description of, 25
P. technicum van Niel, 18
description of, 28
P. Thonii van Niel, 18
description of, 27
Propionibacterium, species names of, 18
genus, 21
key to, 20
Protozoa, method of estimating number in
unit volume, 251
PseudosimeUa folsomi Denis, 272
P. pettersoni Borner, 272
P . rolfsi n. sp., 263, 272
P. violenta Folsom, 272
Pyridine and nicotine, relative toxicity of,
287' 291, 296
Pyridine and nicotine, vapor concentration
of, 290
Pyrrole, preparation of, from ammonium
xylonate, 423
Quantitative, biometric and host-par asite
studies on Eimeria miyairii and E. separata in rats, 299
Rat, albino, lactation in, 463
Rat, as hos t for species of coccidia, 299
Rat, effect of coccidia on, 311
Reactions, abnormal, of organometallic
compounds, 425
Reaction of cucumbers to types of mosaic,
95
Relationships among the organisms in butt er cultures, 409
Relative toxocity of pyridine and nicotine
in the gaseous condition to Triboliium
confusum Duval, 287
Rhinotrichum, host for parasitic fungi, 357
Rhynochosporum, host for parasitic fungi,
357
Rock phosphate, solubility of, 473
Rumex crispus L., 104
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Salima •banksi MacGillivray, 276
S. ilecorata n. sp., 263, 273, 276
S. trilobata Schott, 276
Secreting mechanism in genus Capsicum,
279, 280
Silicon, lower chlorides of, 467
Sodium peroxide method, preparation of
per acids and their salts, 421
Solanum dulcamara, 278
Some dietary factors affecting lactation in
the albino rat, 463
Some of the relationships among the organisms in butter cultures, 409
Sphaerita sp., 320
SolamAim melongena L., 101
Solubility of rock phosphate as influenced
by sulfur and gypsum, 473
Staliziling effect of nuclear nitro groups iu
fuian types, 389
Standard deviations, 259, 261
Steenbock growth ration, 300
Streptococcus citrovorus, 455
S. lactis, 409
S. paracitrovorus, 455
Stimulants for yeast growth, by molds, 471
Studies on sulfur oxidation, 65
Sterilization of solutions of glucose and
sucrose, 417
Study of oome of the Lactobacilli, 447
Studies in vitamin A technic, 451
Studies on sterilization of solutions of
glucose and sucrose, 417
Study of utilization of xylose, 423
Study of caramel color, 467
Study of corrosion of galvanized sheet
iron, 414
Suaeila moquimi Greene, 104
Sucrose, 370
Sucrose, and glucose, sterilization of solutions of, 417
Sulfonic esters, 11
Sulfur and nitrogen of wool, 395
Sulfur oxidation, 65
in relation to bacterial activity, 66
soil activity, 67
studies on plot soils, 68
laboratory studies on, 77
Sulfur oxidizing efficiency of soils, 83
Swine blood, cholera infected, 239, 241
Swine, blood of normal, 173
blood of cholera-infected, 175
creatine plus creatinine, 186
calcium in, 191
inorganic phosphorus in, 189
non.protein nitrogen in, 176
preformed creatinine in, 183
sugar in, 187
urea nitrogen in, 178
uric acid in, 181
Swine blood, normal, 238, 239
Synthetic lumber, development of, from
cornstalks, 469
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Tetra-alkylat.ed glucoses, 52
Tetrahydro-furyl-alkyl groups, 11, 12
Tetrahydrofurfuryl halides, preparation
of, 14
Tetrahydrofurfuryl-phenyl-methane, 12
Tetrahydrofurfuryl iodide, 14, 15
Tetrahydrofurfuryl p-toluenesulfonate, 13,
15
Theses, abstracts of doctoral, 407
p-Toluenesulfonic acid, 11
chloride, 13, 15
Transverse electrostatic field, action of, 1
Tri-alkylated glucoses, 43
Tribolium confusum Duval, relative toxicity of pyridine and nicotine in gaseous
condition to, 287, 291
Trimethyl glucose, 43, 45, 46
Tullbergia iowensis n. sp., 263, 264
Turpentine, 7
Tyroglyphus longior, 296
Urea, in blood, 147
Uric acid, 149
Utilization of xylose, 423
Vectors of
Vitamin A
Vitamin A
Vitamin A

yellow dwarf, 347
depletion period, 452, 454
free basal diet, 451
technic1 451

Vitamin A test animals, 9tandardization
of, 454
Virus, cucumber, 96, 105, 107
mosaic, 96
''white pickle, 11 96
Volatile acids formed by Streptococcus sp.,
455
Volatile acids formed from citric and lactic acids by Streptococcus citrovorus and
S. paracitrovorus, 455
Wool, analysis of, 400, 401
Wool, sulfur and nitrogen of, 395
White cast iron, 435
''White pickle mosaic,'' resistance of varieties of cucumber plants to, 971 98
inoculation trials, 97
response of plants to, 103
Willemia denisi n. sp., 2631 264
X-ray investigation of the iron_copper system, 413
Xylose, fermentation of, 423
oxidation of, to xylonic acid, 423
study of utilization of, 423
Yeast growth stimulants, on media, 471
Yellow dwarf, aphids as vectors of, 347

