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INTRODUCTION 

Evidence points strongly to the American Tropics as the place of 

origin of maize. It is well known that regions in and adjoining these 

mountain ranges are regions of great climatic diversity. The climatic 

controls of altitude, topography and oceans place each mountain valley 

and each mile of coastal plain in climatic provinces no two of which 

are identical. To nearly all of these tropical altitude-climates one 

or more variants of maize has become adapted. To-date no one has 

studied the influences or effects of these climates on the growth and 

development of the maize variants native to them. As a result, no one 

has been able to state which variations are inherent and which are 

merely reactions to climatic change. 

Before it is possible to utilize the characters of tropical maize 

it becomes necessary to know wliich are fixed by heredity and the ex­

tent of their variability as brought about by climatic and edaphic in­

fluences. Too, such a study might afford a basis for grouping the 

maize of the tropics, thus simplifying the selection of germ plasm most 

suited for study and use in another region of the world. 

All earlier studies relating to the influence of climate on maize 

have given little consideration to the inherent adaptability of the 

variant to controls and elements of different climates. Most of the 

variants have been judged and described from their performance in 

climates entirely foreign to those to which they are adapted by hered­

ity. This lack of cognizance as to the climatic limitations of a given 
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variant, or assemblage of variants, has resulted in a general loss of 

interest in further work with this valuable pool of germ plasm. There 

are many qualities already present in the maize variants of Guatemala 

which are needed in other areas. 

This investigation was planned and carried out to assist those in­

terested in searching for characters useful in other maize growing re­

gions; describing and defining as accurately as possible the variants 

and their climatic variations. 

Before any -well-founded descriptions and type determinations could 

be made it was deemed necessary to ascertain: (1) the influence of dif­

ferent climates on maize transplants; (2) the influence of the elements 

of climate on specific characters of maize variants; (3) the correla­

tions manifested by the growth response behavior among the characters 

measured in the different altitude-climates; (4) the separation of vari­

ants into groups on the basis of their climatic responses. 
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REVIEIV OF LITERATURE 

The literature pertinent to this study is not great. There has been 

sojne very excellent research on the effects of new environments, in par­

ticular altitxade-climates, on transplants. However most of this work has 

been carried on with wild annuals and perennials. Very little research 

has been carried on in this field with cultivated crops and in particu­

lar with niaize. 

The meticulous work of Kerner von Marilaun (36) has been of great 

value to students of tiie effects of different climates on plant species. 

His work was carried on in four altitude-climates two of which were in 

the Alps, one at 2,195 meters and the other at 1,215 meters. The other 

stations were located at Innsbruck at 569 meters and at Vienna at 180 

meters. He used approximately 300 annuals and perannialc in the course 

of his investigations. His results showed that at high altitude his 

annuals had fewer nodes and shorter internodes than those grown at lower 

altitudes. Also, pigmentation was more pronounced and green coloration 

less pronounced at high than at low altitudes. Kerner believed that the 

increaaed light intensity at the higher altitudes was responsible for 

these modifications. His most important conclusion was that modifica­

tions produced by climatic changes were not heritable. He also con­

cluded that the ability of plants to adapt themselves to changes in en­

vironment is dependent on the protoplasmic makeup of the species. 

Bonnier's publications on the effects of altitude-climates on treins-

plants are probably the most frequently cited. Starting in 1886 with 



clones of wild species (7), he established over 200 clone plantings at 

high and at low altitudes. His high altitude plantings were located in 

the Pyrennea and Alps while his lowland plantings were made at Paris and 

several other locations in France. By 1895 he had noted strilcing changes 

in some of his transplants (8). He concluded that the factors most 

responsible for these changes were temperature, humidity, and differ­

ences in light. After Bonnier's transplants had been subjected to direct 

conqjetiti.on with native species and the elements for more than 30 years 

he drew his much publicized conclusions (9). He claimed that many of 

the lowland species had been completely transformed into forms identical 

with highland species of the same genus. The period of time required 

for tJiis transformation varied depending on the species. He found, how­

ever, that unless there was a related form or species native to the high­

land habitat that transplants from lower altitudes did not succeed. He 

also found that it was very difficult to transplant alpine forms to low­

land sites. Bonnier stated that the optimum altitude-climate for any 

plant could be determined by observation of color and other character­

istics, Under optimum conditions his plants showed the greenest foliage 

and brightest colored flowers. 

Turesson attacked the problem from a somewhat different angle. He 

brought together large numbers of species in a central planting at Akarp, 

Sweden. He grew both clone transplants and seedlings in a standard en­

vironment for many years. His masses of data on growth responses and 

genetic experiments were very carefully recorded. He found (74) that 

certain physiological and morphological characters are associated with 

certain habitat factors. He proposed the classification (75) of plants 
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into the ecological units of coenospecies, ecospecies, ecotypes, and 

ecophenes. This classification was later adopted by Clausen (12) and 

has now become the generally accepted classification by workers in the 

field of ecology. Tureason showed, l^y his work with species from many 

different environments, (76), that in many cases the habitat modifica­

tions of a species have been given specific status by systematists. 

Under cultivation some species secured from exposed habitats showed 

marked morphological changes which were in no way hereditary. In his 

conclusions (77) he lists climate as the one great influence controlling 

the distribution of biotypes within species. His work does much to 

validate the work of Kerner (36) but tends to refute much of the work 

of Bonnier (7, 8, 9). 

In a somewhat general attack on the problem, MacDougal (47) grew 

sets of 139 plant species at four altitude-climates. He reached the 

conclusions that lixe chief movement of species was from coldar to warmer 

regions, that it was easier to establish species from cool regions in 

warm regions than the reverse, that it was easier to bring mountain 

species to the seashore than the reverse, and that transferred plants 

sometimes developed growth characters notably different from those of 

their native habitat. He also maintained that Uie habitat in which a 

plant is found is not always the most favorable for it. 

The monumental work started by Hall and carried through to con­

clusion by Clausen, Keck, and Hiesey has cleared up many of the debatable 

points on this subject. Hall was of the opinion that every plant was 

the product of heredity plus environment. In 1922 he started transplant 

experiments in five different altitude-climates in California. He found 



(29) that some plants are inherently capable of a wide range of xnodifi-

cfttions or adjustments to environment while others have a very narrow 

range. 

The continuation of Hall's work Clausen, Keck, and Hiesey (12) 

is, beyond doubt, the outstainding research into the effects of altitude-

climates in this country on the growth response of plants. They worked 

with many families and species of wild plants, native to California, 

whose intergrading specific forms were found in a number of climatic 

habitats. Their work covered a period of sixteen years, the latter four 

of which were spent in gathering extensive statistical data on the growth 

responses of the families, species, and forms involved. They found that 

there was a definite combined effect of heredity and environment which, 

tliiough bringing about changes in growth response, never obscured the 

identity of the individual. Their work showed that the individual is 

limited by heredity in its response to the factors of altitude, tempera­

ture, light, and moisture. In their work modifications in growth re­

sponse were found to be rapid but never cumulative or permanent. De­

tailed studies showed that the species with widest distribution ex­

hibited the greatest number of types. However, the number of types pos­

sible within a range as large as California was limited to only six or 

seven species. They also found that each species, type, and Vciriety had 

a definite range of tolerance to altitude and the climatic factors con­

nected therewith. Their work pointed out that generally plants could be 

transferred from a low to a high altitude with less disturbance in 

equilibrium than in the reverse case. This was in direct contradiction 

to some of the work of MacDougal. 
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Several other important investigations have been carried out by 

various vjorkera interested in the field of the plant in relation to its 

environment. None of these have been on as grand a scale as the afore­

mentioned but their findings have added considerably to the general pic­

ture, 

Collins (1/f.), in his work on new-place plantings of maize, grow 

four maize varieties in Kansas, Texas, and Maryland. There were definite 

indications of "new place" stimulation in some of his plantings. How­

ever, this did prove to be a heritable factor. He concluded that natural 

selection rather than reaction to environmental conditions brings about 

adaptation. 

Christie and Grau (ll), working in Norway, took pure lines of bar­

ley and oats and grew them for ten generations in ten different climates. 

There were varying growth reactions in the various climates and the 

strains were somewhat modified morphologically. However, ̂ vhen the.lines 

were brought together and grown again at the central station it was 

shown that no heritable differences had taken place. 

Stapledon (70) carried on investigations in Wales for eight yeai's 

with Dactylis glomerata L. He grew plants from seed collected from 143 

soxircos throughout the world. It was his opinion that it is impossible 

to form a correct conception of the characteristics of a species until 

all world forms have been collected and grown together under one set of 

climatic conditions. He concluded that adaptation to a given habitat 

is genetic in nature. 

In 1929 Manglesdorf (48) published his conclusions as to the re­

gional adaptation of maize in Texas. He noted a wide degree of regional 
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adaptation for some varietiea while other were confined within a very 

narrow range of climatic adaptability. He found that there vjere nine 

climatic zones of maize production in Texas. Some varieties -nere 

adapted to a single zone while others could be grown throughout the 

ranges of several zones. 

That the phenotypical characteristics of growth form, due to re­

sponse to environment, sometimes determine the survival of a species 

was well illustrated by Gregor (28). Working with Plantago maritima he 

found phenotypical expression to be an interaction between environmental 

and hereditary differences, 

Sprague, Farris, Colby, and Curtis (69) grew many varieties of 

maize from out of state sources at the New Jersey Experiment Station, 

They found that varieties adapted to New Jersey conditions of soil and 

climate outyielded out of state varieties almost without exception. 

Their findings were not in agreement with the results of a study of 

maize varieties from other states made in Connecticut by Jones and 

Huntington (33)* They concluded that maize may be moved from a less 

favorable to a more favorable climatic region without loss of produc­

tive capacity, and usually with a distinct gain, providing the length 

of the growing season permits satisfactory maturity. They also stated 

that most of the loss in productivity, when seed corn is taken from one 

region to another, is due to less favorable conditions, H, B. Sprague 

(68), on the basis of New Jersey, Kansas, and Nebraska data differed 

with their conclusions on the basis that the varieties used were not 

well adapted to the localities from which they were selected. 

Evans (24)- grew selections of tiaiothy, graded from early to late. 
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at varying latitudes and altitudes. He found that the season for bloom­

ing progressed from south to north. In the north the stems of the later 

selections grew to as great, or even greater, length than those of the 

early selections, 

A great deal of research has been done on the effect on the plant 

of climatic factors, both individually and collectively. Unfortunately, 

much of this work has been done in the laboratory under conditions re­

moved from any natural environment. Lundegardh (45) found in his ex­

tensive investigations with plants and their environment that laboratory 

experiments with living plants often lead to erroneous conclusions as 

to the reaction of the plant in nature. 

Some work was carried on by Sellick (65) in Rhodesia on the re­

lationship of maize to meteorological factors. He found that there was 

a close mathematical relationship between all weather factors and that 

the singling out of any one was difficult, His calculations showed that 

in Rhodesia rainfall and sunshine were responsible for approximately 40 

per cent of the variation in yield in maize, 

Bair (5) studied climatic factors in and near maize plantings at 

Ames, Iowa. He arrived at the conclusion that weekly means of relative 

humidity and air temperature records of stations within a radius of 

several miles can be used for conditions within maize fields. 

Working under laboratory conditions Lehenbauer (42) showed that the 

optimum growth temperature for maize seedlings, for a 12 hour period, 

was 32°C. Growth fell off above 31°C. for any exposure over 12 hours. 

He found that the ndnimum temperature for growth was near 12-14°G. but 

growth continued at these temperatures without decrease in rate for 12 
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hoxirs. Time of exposure was proven to be the Important factor. His 

records showed a doubling of the rate of growth for each rise of 9° or 

IQOC. 

In his work with growth rates of maize plants MacDougal (46) found 

that the highest rate of growth occurred between 27°-30°C. Growth 

ceased when the temperature stood at 30°""35°G« for any extended period 

of time, 

Hanna (30) completed some very careful measurements on the growth 

of maize in Alberta, Canada, He found that growth heid a closer corre­

lation with temperature than with any other single climatic factor. 

Loomis (43) found that the growth of maize drops rapidly as the 

temperature approaches 10°C., which was somewhat lower than the minimum 

temperatures recorded by Lehenbauer. 

A very detailed analysis of the effects of temperature and sunlight 

on the rate of elongation of the stems of maize and gladiolus was made 

by McGalla, Vileir, and Neatby (52). They showed that 60 to 90 per cent 

of the variability in growth can be accounted for in temperattire and 

sunlight. The effect of humidity was found to be relatively unimportant 

in their particular experiment. They found that the effect of sunlight 

was not as great on maize as on gladiolus. The minimum temperature at 

which growth would take place in maize was determined as 41.2°F. 2or 

dayli^t and 40«5°F. for darkness, 

Collins (15) reported that at San Diego, California Zea hirta 

Bonafous would make satisfactory growth at a lower temperature than any 

of the types and varieties of maize with which he worked. 

A mathematicsQ. Inquiry into the influence of rainfall on the yield 
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of maize was made by Wolfe (81) viho found that alternate periods of dry 

and wet weather were most favorable for corn production. 

Using long term data from Ohio and North Dakota, Davis and Pallesen 

(20) found little association between total seasonal rainfall and the 

yield of maize. Their results showed that maize yields are higher when 

there is a constant rate of increase in precipitation during the growth 

period. 

In some early investigation into the effects of light intensity on 

plants Lubimenko (44) found that root development was better under high 

light intensities. He also found that leaf area was greatest at moderate 

intensities and lessened with extremes. 

In research with various plants. Rose' (60) found that root develop­

ment was best at high light intensities and that as light intensity de­

creased leaf area increased at the expense of root develo2>m0nt. He con­

cluded that the optimum light intensity for a plant was that at which 

the greatest leaf area developed, 

Dorno (22) found that the intensity of light varied greatly with 

time of day, season of the year, latitude, and altitude. According to 

him the greatest intensity ever recorded was I.64 gr. cal./win./sq. cm. 

or approximately 1,200 foot candles. This value was recorded at 4*420 

meters at Mt. Whitney, California, and at 3,683 meters at Teneriffe in 

the Cainary Islands, Ha also found that at sea level the earth receives 

only one half the total radiation received at 1,800 meters. 

In partly completed work, Oourley (26) found that the area of peach 

leaves increased by 69 per cent in one variety and by 59 per cent in 

another through partial shading. Other plants reacted accordingly with 
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the exception of Antirrhlnium v;hich shovied the opposite reaction. All 

plants grown in shade increased more in length than those in sunlight. 

In later work Gourley and Nightingale (2?) found that in some cultivated 

plants the leaf area could be increased by as much as 200 per cent by 

various degrees of shading. They likewise found that the root systems 

of all plants were reduced by shading. 

Popp (57) studied the growth of soybeans under six different light 

intensities. The greatest height was attained under 560 foot candles. 

His results showed that the thickness of stems was directly proportional 

to the light intensity and was greatest under the highest intensity 

used, 4»285 foot candles. 

Hoffman (31) grew plants in sunlight and shade and made detailed 

measurements of leaf areas and thicknesses. Her findings showed a 

greater leaf area in shade but a greater leaf thickness in full sunlight. 

In a study on effects of light intensity and light quality, Shir­

ley (66) concluded that leaf area and height attaijied maxima at light 

intensities of about 20 per cent of full summer sunlight. He likewise 
.t 

concluded that chlorophyll concentration was highest at the lower in­

tensities . 

ViiorldLng with Lemna minor. Ashby found that growth increased as light 

intensity was increased up to 700 foot candles. Above 1,400 foot 

candles light had a destructive effect, 

Shirley (67) found, as did Dorno (22), that solar radiation is 

iiighly variable in intensity and quality. Shirley states that plants 

attain maximum height and leaf area in light intensities of 25 to 50 per 

cent of normal summer sunlight in temperate regions. Light intensities 
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above 50 per cent of full sunlight decrease height and leaf area. Light 

favors hardening of plants against cold if accompanied ty iwarm days and 

cold nights. He also states that plants frequently may perform their 

entire daily photosynthesis in a few morning hours. 

After extensive experiments with pea seedlings and oat coleoptiles, 

VJent (80) arrived at the conclusion that the intensity of light is more 

important for the quantitative expression of growth response than the 

total light energy applied. 

Adams (l) darkened maize plants for varying periods each day and 

found that plants e:qposed to the longest action of light had the 

greatest weight, greatest average height and earliest flowers. 

McClelland (53) lengthened daylight with artificial light and found 

that under lengthened light exposure blossoming was delayed, height in­

creased, and production and size of ears reduced. 

Research into the effects of climatic versus edaphic factors has 

been limited. However, there have been four studies made in the past 

which have some bearing on this investigation. 

It was demonstrated quit© conclusively by LeClerc and Yoder (40), 

in their soil exchange experiments, that the climate is the important 

factor in determining the physical appearance and chemical coa^josition 

of the plant and that the soil plays a minor role. 

In an experiment conducted in eastern Nebraska, Goodding and 

Kiesselbach (25) reached the conclusion that no heritable differences of 

plant characters or grain yields existed in maize varieties planted on 

upland and on bottom land soils. 

The differential yield response due to different seasons was found 
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by Stringfield and Salter (71) to be much greater than that due to fer­

tility levels. I'hey found that changes in climatic factors affect rela­

tive varietal performance considerably more than will a quantitative 

change in available nutrients. It was likewise found that a variety may 

be relatively better at low than at high fertility levels, or vice versa. 

The difference found, however, seemed to be largely associated with 

adaptation to different geographical regions. 

In an eleven year experiment Marsden-Jones and Turril (50) used 

five different types of British soil in which to grow eight wild species 

of plants. They found that, though species varied in their growth re­

sponse in the different soils, morphological modifications were rela­

tively insignificant. 

Kulsshov (38) planted a large number of varieties of Mexican and 

Central and South American maize at Sukhum, U.S.S.R. He found a very 

definite relationship between the number of leaves and the time of 

maturity. A very close relationship between height and the length of 

the vegetative period was also noted. He states that in Zea hirta Bona, 

there are two subtypes, a vigorous one with 19-25 leaves and a less 

vigorous one with 14-18 leaves. It is quite apparent that he was con­

fusing the Giant and Mountain Types of Melhus (54)• He also found vege­

tative characters more definite than differences in grain structure. 

While in Mexico he noted that the anthocyanin content of the maize plants 

became more marked as he progressed southward. 

A study of the number of leaves on the main stem of the maize plant 

and dates of maturity led Kuleshov (37) to the conclusion that the number 

of leaves might be used as a reliable index of the length of the vege­
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tative period of a given variety. He predicted that with the Icnowledge 

of the vegetative period one could Judge the suitability for a given 

region. Hia findings were based on the growth response of roaize from 

tropical and other regions which were not adapted to the climates of 

Russia. 

In his study on the world's diversity of inaize phenotypes Kuleshov 

(39) observes that jnaize geneticists have worked almost entirely with 

"middle-early" varieties and that the extra-early as well as the extra-

late varieties have not been used. He states that the extra-early 

varieties are found on the cold frontiers of the north as well as the 

south, najnelys Canada and Chile. He does not mention the early vari­

eties of Central Aioerica but does recognize that his sajnples are not 

complete. He concludes with the belief that the extra-late Qiant I^ypes 

of Central America trnd elsewhere hold great promise for the breeder. 

In liis experiments on the variability of maize Sayre (64) found 

that the number of leaves (or number of nodes) is not influenced by 

fertility treatments. He concluded that this character was one of the 

best for studying growth response in maize, 

Raunkiaer (58) found, in liis statistical researches on plant forma­

tions, that leaf size was one of the most desirable characters for 

measurement of plant growth response to climate. He maintained that no 

two plants units were ever completely alilce in their response to con­

ditions , 

During studies on leaf area and growth rate in maize, iSisole (23) 

recorded a decrease in leaf area with number of plants per hill. No 

appreciable difference in height vnas found with number of plants per 
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hill. There was, however, a very appreciable decrease in basal area as 

number of plants per hill increased. 

In their studies on yield forecasts Aikman, Eisele, and Bair (2) 

kept records taken at 10 d^ intervals over a period of nine years on 

hei^t, area of stalk, number of leaves, leaf area, time of tasseling, 

and other growth responses. Records were also kept of climatic factors. 

They showed that there were critical dates on which correlation between 

individual growth responses and yield reached their peak. Correlation 

between basal area and soil moisture was especially important in pre­

dicting yield. They found that the maize plant had approximately com­

pleted full elongation at tasseling time. They concluded that the 

multiple correlation stalk area, height, leaf area, and available soil 

moisture on June 15 gave the best prediction. 

Ito and Furukavva (32) found that the number of leaves on maize 

grown in Manchuria, Japan, Formosa, and North China varied between 11 

and 27. There was a correlation coefficient between length of growing 

season and leaf number of r = .9379 = 0.0451. They also found that the 

higher the altitude at which a variety grew the fewer was the number of 

its leaves. 

The first investigators to surmise that the innumerable varieties 

and strains of maize of Central America, and in particular, Guatemala, 

might be classified on an altitude-climate basis were Mangelsdorf and 

Cameron (49)• They found that there was a very close relationship be­

tween chromosome knob numbers and other plant characters. However, they 

did not offer any classification based on their findings. This study is 

related primarily to the relationship of species of the tribe Maydeae 
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and not to the grouping of maize generally. 

It remained for Melhus (54) to arrive at a definite division of the 

maize varieties of Central Aiaerica baaed largely on differences in plant 

characters found in the varieties growing in different altitude-climates. 

He concluded that there were four general groups into -which all of the 

maize varieties and strains of Central America could be placed, namely. 

Mountain, Giant, Early, and Coast, Earlier Melhus, Semeniuk, and liVallin 

(55) had grouped these varieties of maize as short, mid,and long season. 

The high altitude Mountain Type has long been recognized as a dis­

tinct form. Donafous (6) gave it specific status calling a variant of 

it Zea hirta in 1829. The plants vidiich he described were grown in 

France from seed sent from California but his description and illus­

trations leave little doubt in the mind of anyone who has seen this 

maize in the mountainous regions of Central America or Mexico. In Costa 

Rica it is distinguished from other types by the name of maia de Olancho 

(56). Anderson and Cutler (3) refer to it as "Mexican pyramidal". 

N, N, Kuleshov (38) described Melhus' Mountain Type in his descript^-on 

of Central Mexican types, 

Melhus' Giant Type vjas given specific status ly Rojas (59) who 

named it Zea guatemalensis. Rojas had reference to the "salpor" or 

flour variant of the Giant Type. Kuleshov (38) callsthic jiaize the 

Boyaca Type after the state of Boyaca in Colombia where Bukasov (lO) 

found it common, Kuleshov (38) attempts to synchronize the endosperm 

classifications of Sturtevant (72, 73) with the morphological characters 

and growth habits of this type as well as others. Kempton's Jala maize 

(35) answers very closely the description of our Giant lype I38A-46. 
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Kuleshov (38) mentions another Giant Typo distinct from the Boyaca which 

he calls the Central American type. 

The Coast Type of Melhus is referred to as "tropical flints" by 

Kuleshov (38) and as "Cruatemalan tropical flints" by Anderson and Cutler 

(3). Endosperm characters can hardly be used in separating types be­

cause this character is common to niore than 90 per cent of the maize of 

Central America. 

Melhus et al. (55) are apparently the only iworkers -who clearly 

recognized the Early Type. 
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MATERIALS 

Nine planting sites were chosen (Plate 1) in varied climates within 

three altitude ranges in Guatemala. The low altitude Sites 1, 2, 3, and 

4, with fliean altitude of 67 meters, were located on the Tiquisate 

Division of the United Fruit Company in the Department of Escuintla. 

Sites 1 and 2 were within 0,8 kilometers of each other at approximately 

Lat. N. 14°8'54" and Long. G.W. 91°2l'52", These two sites were, by 

Koppen's classification Awi (63)> in a tropical savanna (62) type 

climate. Sites 3 and 4 were located at a distance of 22.5 kilometers 

from Sites 1 and 2 in a monsoon rainforest (62) climate of the type 

Amwi. Those two sites were within 200 meters of each other at approxi­

mately Lat. N. 14°19'30", Long. G.W. 91°21'52". The mid altitude Sites 

5, 6, and 7 were located on the outskirts of Antigua, Department of 

Sacatepequez, at approximately Lat. N. 14°33*18", Long. W.G. 90°44*48". 

These three sites were In an upland climate Cwbi on the level floor of 

the Ponchoy Valley at 1,533 meters. Sites 8 and 9 were both in high 

altitude-climate Cwb. Site 8 was located at Finca iianzanales. Depart­

ment of Sacatepequez, at an altitude of 2,286 meters, Lat. N. 14°36'30" 

and Long. G.W. 90*^40'56"• Site 9 was three kilometers from ^uetaal-

tenango, in the Department of the same nsuae, at an altitude of 2,499 

meters, Lat. N. 14°54'32" and Long. G.W. 90°31'17". 

Standard meteorological instruments were used for recording 

climatological data at the various sites. These included soil-air 

thermographs, direct-reading rain gauges, evaporation pans, psychrometer. 

9cry(Jl 



PLATE 1 

Guatemala and Belize showing location areas of the nine planting 
sites. 1-4, Low Altitude Sites, 5-7, Mid Altitude Sites, 8 and 9, High 
Altitude Sites. 
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Table 1. Maize entries used in the study of growth responses at nine sites 
in Guatesiala. 

Size of 
l^e Alt. in original 

Nuinber Source meters sample 

United States 

Single crosses 
153 X W9 
205 ac 289 
205 X 234 
H14 X 1F9 
104 X Wis.22 

Kananha, lo^ra 
» 
It 
n 
n 
It 

363 
363 
363 
363 
363 

from bulk 
n n 
It tt 

n n 
u Jt 

Gruatemala 

Early Place Department 

884 3OA - 46 Sanarate, El Progress© 884 10 ears 
32A - 46 Sanarate, ISl Frogresso 884 10 ears 

25 - U San Antonio Huista, Huehuetenango 1,200 5 ears 
Coast 

lOlA - 46 Santiago, Atitlan *- from bulk 

13-44 Jutiapa, Jutiapa 892 10 ears 
42A - 46 Chupadero, Santa Rosa 853 35 ears 
12A - 46 Ghocola, Suchitepequez 884 50 ears 
7A - 46 Tiquisate, Suchitepequez 67 1 ear 
125A - 46 Sam Sebastian, Retalhulen 241 10 ears 
9A - 46 PatTolul, Suchitepequez 219 50 ecU7s 
96A - 46 Finca La Cuchilla, Sscuintla 170 10 ears 

Mountain 
lA - 46 4uetzaltenango, ^uetzaltenango 2,438 35 ears 
39A - 46 Finca Panabajal, quiche 2,200 35 ears 
106A - 46 Santa Lucia Utatlan, Solola 2,483 27 ears 

33A - 46 Tecpan, Chimaltenango 2,347 10 ears 



Table 1. (Continued) 

Size of 
Type Alt, in original 

Number Source meters sanjple 

Giant 
15A - 46 
17A - 46 
47A - 46 
I38A - 46 
14A - 46 

Finca Barcena, 
Ciudad Vieja, 
Finca Fulpan, 
Chimaltenango, 
Antigua, 

Guatemala 
Sacatepequez 
Alta Verapaz 
Chimaltenango 
Sacatepequez 

1,524 
1,520 
1,828 
2,245 
1,533 

from bulk 
12 lbs. grain 
35 ears 
35 ears 
35 ears 

* Coast Type nsaize seed apparently transported from Patulul area. 
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and a VJeston model 756 light meter. The meteorological equipment needed 

for the investigation was fortunately liiidted. The presence of reliable 

cooperating meteorological stations at or near all of the sites except 

Site 8 eliminated much of the instrumentation expense and difficulty of 

securing data. 

Twenty entries^ of maize, from different climatic regions of Guate­

mala, were selected as indicators of growth response in this investiga­

tion. These twenty entries were selected from among collections already 

at Antigua, Quatemala. The variants selected included three ISarly 'lype, 

five Coast 'lype, five Giant 'lype, and four Mountain Type. Three vari­

ants of uncertain grouping were also included. These three variants 

proved to be of the Coast ^ype. Five single-crosses, from seed produced 

at Kanawha, Iowa, were used to provide genetically uniform checks. Table 

1 lists the source, number, and sample size of all entries in the ex­

periment. Tliese entries are illustrated in Plates 3-27. 

The descriptions which follow on subsequent pages, contain the 

usual data found in botanical descriptions of species, varieties, and 

^ To avoid circumlocution the name entry will be used for all 
single-crosses and open pollinated maize variants in tliis investigation. 

The word type will be used throughout this dissertation as des­
ignating those groups of variants having similar morphological and 
growth characteristics. 

tested grouping by Dr. I. E. Melhus during his 1946 studies 

Description of Maize ILntries 
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Plate 2. : Terminology, as applied to leaf sheath and adjacent 
structures, in the accompanying descriptions (pageszd- yy). 

Figure 1. Diagram of region at juncture of leaf blade and sheath, view 
from inside of latter: 

a, a - auricles 
b - flange 
c - ligule 
d - outer edge of flange 
e - midrib 
f - basal part of blade 
g - upper part of sheath 
h, h - margins of sheath 

Figures 2 - /+• Diagrams of types of ligule-arc; 
2 - truncate 
3 - obtuse 
4 - retuse 



PLATE 3 

EARLY TYPE 

Entry No, 3OA-46 

Culm sun-red to sun-purplej leaves at anthesis and at maturity 
divergent-ascending, rather sharply recurved beyond the middlej leaf 
sheaths clasping culm and somewhat overlapping, green to slightly red­
dish, the color first appearing in intervein areas, varying from com­
pletely glabrous to sparsely villous on the margins; median sheaths 
slightly longer than corresponding internodesj midrib whitej auricles 
smallJ flange stramineous to purplish, minutely velutinous, to 2 cm. 
vdde at outer edge; ligule 4 mm, wide, stramineous-hyaline, erose-
oiliate, outer surface glabrous; ligule-arc truncate, about 4 cm. 
broad, I/3 to 1/4 as high. Ears per plant 1-2 (mean number, 1.5), gen­
erally at 7th or Sth node below tassel; husks 9-10, sparsely scabridu-
lous, firm in texture, generally bladeless but occasionally with leafy 
tips to 25 cm. long; silks pink; husked ears narrow-tapered, truncate 
at base; cob stiff, white; kernels white, obovate to narrowly obdel-
toid, rarely subrotund, sometimes slightly dented, usually with flinty 
endosperm. .Tassel loosely pyramidal, lateral branches 11-22 (mean num­
ber, 15.4)> spreading at anthesis; median branches about equalling 
lower ones, which are 29-39 cm. long; about 20 per cent of branches 
with secondary branches; rachia of branches straight, subterete, velu­
tinous to hispidulous; terminal spike about equalling the longer 
branches, 1-1.5 cm. in diameter, with 4-6 rows of spikelet pairs. 
Staminate spikelets 7-S ram. long, 2-2.3 nun, wide, lanceolate, acute to 
obtuse, densely hispidulous, varying fx-om completely greenish to pale 
pinkish at base, with light red spot at base of each glume; pedicels of 
pedicellate spikelets 3-5 mm. long; anthers yellow to pink, 4~5 mm. 
long. 
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PLATE 4 

JSARLY TYPjE 

Entry No. y2.k-l̂ (> 

Culm green, occasionally sun-redj leaves at anthesis and maturity 
divergent-ascending, rather sharply recurved beyond ndddle; leaf 
sheaths tightly clasping culm, green to red-tinged, the color first 
appearing over veins, varying from completely glabrous to sparsely hir­
sute or sub-lanate on marginsj median sheaths equalling to about 3/4 
the length of corresponding internodes^ midrib whitej auricles prorai-
nentj flange stramineous to brownish, sparsely to densely pilosulous, 
to 1.5 cm. wide at outer edgej ligule 4 mm. wide, stramineous-hyaline, 
erose-ciliate, outer surface minutely pubescent to glabrous; ligule-arc 
truncate, 3.5-4*5 cm. broad. I/2 to 2/3 as high as broad. Ears per 
plant 1-3 (mean number, 1.6), generally at 7th or 8th node below tas­
sel j husks 8-9, scabridulous, thin but firm in texture, outer ones some­
times with blade-lilce tips to 25 cm. longj silks pale greenish-yellowj 
husked ears lanceolate-tapering, slightly rounded at basej cob firm, 
white; kernels yellow, obovate to obdeltoid, rarely slightly dented, 
usually vdth flinty endosperm. Tassel pyrai^dal, lateral branches 
11-22 (mean number, 15.9)» ascending at anthesis; lower branches (25-33 
cm. long) equalling or slightly shorter than median ones; 10-22 per 
cent of branches with secondary branches; rachis of branches straight, 
triangular-subterete, scabridulous; terminal spike equalling or slightly 
shorter than longest branches, I.3-I.8 cm. in diam,, with 4-6 rows of 
spikelet pairs. Staminate spikelets 8-9 nwi. long, 2.5-2.75 wide, 
elliptical, obtuse to acute, densely to sparsely appressed-hispidulous, 
intervain areas of lower 2/3 of length reddish to medium red, tips 
green, veins green; pedicels of pedicellate spikelets 1-2 mm. long; 
anthers pink to medium red, 4-5»5 ram. long. 





PLvTE 5 

EAriI,Y TYPE 

Entry No, 25-44 

Culm graenj leaves at anthesis and at maturity divergent-ascending, 
sharply recurved beyond middle^ leaf sheaths loosely clasping culin., 
overlapping at margins, green, sparsely to moderately atrigilloye on 
margins, otherwise scabridulousj m,Qdian sheathe equalling or slightly 
longer than corresponding internodesj midrib whitej auricles small to 
proininentj flange piirplish-brovm, sparsely velutinous to glabrous, to 
2.5 cm. wide at outer edgej ligule 4 'm'l. wide, white-hyaline to 3tramin~ 
eous-hyaline, erose-ciliate, outer surface glabrous; ligule-arc trun­
cate, 3«5-5 cm. broad, about I/3 as high as broad. Jiars per plant 1-2 
(mean number, 1.4), generally at 7th to 9th node beloT) tasselj husks 
8-10, hispidulous to strigillose, firm-textured, sometimes bladeless 
but generally with leaflike blades up to 25 cm. longj silks purplishj 
husked ears lanceolate-tapering, alicjhtly rounded at base, abruptlj"-
pointed at apexj cob stiff, whitej kernels ivhite, aubrotund to broadly 
obdvate, (undented), usually with flinty endosperm. Tassel cylindric-
pyramidal, lateral branches 13-37 (moan number, 24.7), ascending at 
anthesis; median branches equalling or somewhat longer than lower ones, 
which are 20-27 cm. longj 20-50 per cent of branches with secondary 
branches J rachia of branches straight, subterote to subtriangular, velu-
tinouBj terminal spike equalling or slightly longer than longest 
branches, 1.2-1.8 cm. in diam., with 4-6 rows of spikelet pairs. 
Straminate spikelets 7-8 long, l,75--2 mm. broad, lanceolate, acute, 
minutely puberulent, entirely green to greenish except for pale purple 
line at base of glumssj padicels of pedicellate spikelets about 5 ma. 
long; anthers pale yellow to strandneous, 3-4 mm. long. 
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PLATE 6 

COi\ST TIPE 

Entry No. lOlA-46 

Culin green or occasionally with 3un~purplej leaves at anthesis and 
maturity arcuate-ascending, the distal I/3 sharply recurvedj leaf 
sheaths closely surrounding culm, more or less overlapping at margins, 
varying from green through medium reddish to almost purple-black, the 
color appearing first in intervein areas, moderately villous on margins, 
otherwise sparsely strigillosej median sheath about 7/8 as long as 
corresponding internodesj midrib white; auricles medium to prorftinentj 
flange brownish to purplish, densely velutinous, to 3 cm. wide at outer 
edgeJ ligule 5 nun. wide, white-hyaline, erose-ciliate, outer surface 
glabrous; ligule-arc obtuse, 5-5.5 cm. wide, about I/3 as high. Ears 
per plant 1-3 (mean number, 1.6), generally at 9th to 11th node below 
tasselJ husks 14-18, scabridulous, tough in texture, generally blade-
lessj silks scarlet; husked ears thick cylindrical, gradually pointed, 
slightly enlarged at butt; cob stiff, whitish with purple glunije bases; 
kernels orange to salmon or pale purple, obdeltoid to obovate-roctangular, 
slightly dented, usually with flinty endosperm. Tassel ovate-cylindrical 
to ovate-pyramidal, lateral branches II-38 (mean number, 24.1), stiffly 
spreading to arcuate-ascending at anthesis; median branches somewhat 
longer than lov/er ones, which are 18-29 cm. long; 25-34 per cent of 
branches with secondary branches; rachis of branches straight to slightly 
flexuous, subterete, velutinous; terminal spike about equalling longest 
branches, 1.5-2 cm, in diameter, with 8-10 rows of spikelet pairs. 
Staminate spikelets 7-8 mm. long, 2-2.25 nun. wide, elliptical, acutish, 
minutely appressed-pubescent, entirely dark red-purple; pedicels of 
pedicellate spikelets 2-4 mm. long; anthers dark purple-red, occasion­
ally almost black, 4-5 long* 
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PLATE 7 

COAST TYPE 

Entry No, 13-44 

Culm green to s]J.ghtly sun-red; leaves at anthesis ascending to 
spreading, recurved beyond middle, at maturity somewhat drooping; leaf 
sheatho lootjely surrovinding culm, green (or rarely dark purple}, some­
what glaucous, sparsely villous on margins, otherwise hiapidulouaj 
median aheaths equalling to 3/4 as long as corrosponding internodea; 
midrib whitej auricles minute to obsolete; flange greenish to brov/nish, 
velutinous, to 2.5 cm. wide at outer edge; ligule 4 mm. wide, basal 2/3 
greenish-opaquo, remainder strafuineous-hyaline, erose-ciliate, outer 
surface glabrous to densely pubescent; ligule-arc truncate, 4.5-5 cm. 
broad, 1/2 as high. Ears per plant 1-2 (mean number, 1.6), generally 
at 8th to 9th node below tassel; husks 12-16, scabridulous, tough in 
texture, generally bladeless but sometimes with blades up to 15 cm. 
long; silks flesh to pink; husked ears narrowly cylindrical-tapering, 
somewhat rounded at base; cob stiff, white with reddish glumes; kernels 
from, white through lavendar to bluish-black, broadly obovate to obovate-
deltoid, usually with flinty endosperm. Tassel ovate-pyranddal to quad­
rate, lateral branches 17-26 (mean number, 22.3), stiffly to flexuously 
spreading or arcuate ascending at anthesis; median branches shorter than 
lower ones, which are 24-31 cm. long; 39-42 per cent of branches with 
secondary branches; rachis of branches straight, subterete to triangu­
lar, velutinous to scabridulous; ter/ninal spike shorter tlian longest 
branches, 1.5-2.2 cm. in diameter, with 6-8 rows of spilcelet pairs. 
Staminate spikelets 9-10 mm. long, 2.5-2.75 wide, elliptical, 
acutish to obtuse, minutely hirsutulous, green to pale pink with red 
spot at base of each glume; pedicels of pedicellate spikelets I-3 ram. 
long; anthers pale yellow to pinlc, 4-5 long. 





PLATE 8 

COAST TTPB 

Entry No, 42iW46 

Culm varying from green to dark purplej leaves at antheais and 
maturity spreading, strongly recurvedj leaf sheaths closely surrounding 
culm, varying from green to purple-black but majority medium purple, 
the color generally first appearing over veins, heavily strigose-lanate 
al,ong margin and in collar-like zone immediately below flange, other­
wise scabridulousj median sheaths about 2/3 long as corresponding 
internodesj midrib white; auricles prominent; flange varying from green­
ish to brownish, sparsely velutinous, to 2.5 cm. wide at outer edge; 
ligule 5 Jnm. wide, stramineous-hyaline or soraewhat greenish-opaque at 
base, erose, outer surface sparsely pubescent; ligule-arc obtuse, about 
4 cm. broad, I/3 to 1/4 as high. Kars per plant 1-2 (mean nximber, I.4), 
generally at 8th or 9th node below tassel; husks 12-15, scabridulous to 
hirsutulous, firm in texture, generally bladeleso; silks pink; husked 
ears lanceolate-cylindrical, rounded at base, abruptly pointed; cob 
stiff, pink to pinkish; kernels from •white through pinkish to rarely 
dark purple, broadly obovate, usually slightly dented, usually with 
flinty endosperm. Tassel irregularly ovate-pyramidal, lateral branches 
13-19 (mean number, 15.8), stiffly spreading to arcuate-recurved at 
anthesis; median branches usually considerably longer than lower ones, 
which are 25-33 cm. long; about 25 per cent of branches with secondary 
branches; rachis of branches straight, subterete to compressed, densely 
velutinous; terminal spike equalling or somewhat longer than longest 
branches, 1.5-2 cm. in diameter, with 6-8 rows of spikelet pairs. Stam-
inate spikelets 8-9 mm. long, 2.25-2.5 mm. wide, elliptical, acutish, 
densely pilose-lanate, entirely dull red-purple; pedicels of pedicellate 
spikelets 4-6 mm. long; anthers pink to red, 4-5 ''"a. long. 





PLATE 9 

COAST TYPE 

Entry No. 12A-46 

Culm graen with sun-pui'plej leaves at anthesis ascending, sharply 
recurved beyond middle, at maturity arcuate-spreadingj leaf sheaths 
closely surrounding culm, medium purple to dark purple-black (rarely 
green), the color first appearing in intervein areas, densely pilose to 
strigose along margin, otherwise scabridulousj median sheaths 2/3 to 
3/4 as long as corresponding internodesj midrib whitej auricles small 
to inconspicuous; flange greenish to pale brown vdth red-purple veins, 
velutinous to glabrate, to 2 cm. wide at outer edge; ligule 4 wide, 
basal 1/2 greenish-opaque, remainder stramineous-hyaline to white-
hyaline, erose-ciliate, outer surface usually glabrous; ligule-arc 
truncate, about 6 cm. broad, 3/4 to 5/6 as high. Jiars per plant 1-3 
(mean number, 1.9)> generally at 6th to Qth node below tassel; husks 
14-16, scabridulous to hirsutulous, tough in texture, generally blade-
less; silk color purple; shape of husked ear cylindrical to l2mceolate-
cylindrical, gradually or abruptly tapered to apex and rounded to base; 
cob stiff, dark purple; kernels yellow to pinkish-red with white or 
yellowish cap, broadly obovate to suborbicular, slightly dented, usually 
vdth flinty endosperm. Tassel pyramidal, lateral branches 12-23 (mean 
number, 17.6), stiff-flexuously spreading to arcuate-ascending at an­
thesis; median branches generally shorter than lower ones, which are 
28-33 long; 3O-4O per cent of branches with secondary branches; 
rachis of branches triangular to subcorapressed, velutinous to strigil-
lose; terminal spike shorter than longest branches, 1.7-2.5 cm. in di­
ameter, with 6-S rows of spikelet pairs. Staminate spilcelets 7-ii ro™. 
long, 2-2.25 rain, wide, elliptical, acutish, densely appreesed-
hispidulous, dull purple-red with green veins; pedicels of pedicellate 
spikelets 3-5 mm. long; anthers roahogany-red, 4-5 nun. long. 





PLATE 10 

COAST TYPE 

Entry No. 7A-46 

Culm usually green, sometimes with aun-recl; leaves at anthesis and 
at maturity strongly ascending, the distal l/2 strongly recurvedj leaf 
sheaths loosely surrounding culm, varying from green to dull red-purple, 
densely pilose-lanate along margins, otherwise sparsely scabridulous to 
glabrousJ median sheaths about equalling corresponding internodes; mid­
rib -white; auricles prominent; flange brownish, densely velutinous, to 
1.5 cm. Kiide at outer edge; ligule 6 nun. wide, basal I/3 greenish-
opaque, remainder stramineous-hyaline, erose-ciliate, outer surface 
glabrous; ligule-arc retuse, about 4 cm. broad, I/3 to l/U as high. 
iSars per plant 1-2 (mean number, 1.2), generally at 8th or 9th node be­
low tassel; husks 13-22, minutely scabridulous to almost glabrous, firm 
in texture, generally bladelessj silk color greenish or rarely red; 
shape of husked ears narrowly cylindrical, truncate to rounded at base; 
cob stiff, white; kernels orange-yellow, obovate to suborbicular (un­
dented), usually with flinty endosperm. Tassel pyraJiddal to cylindric-
pyramidal, lateral branches 9-21 (mean number, I4.2), flexuously spread­
ing to arcuate-ascending at anthesis; median branches equalling or 
slightly longer than lower ones, which are 19-25 cm. long; 20-25 per 
cent of branches with secondary branches; rachis of branches flexuous 
(or rarely straight), subterete, velutinous; terminal spike equalling 
or slightly shorter thaJi longer branches, 1.5-2 cm, in diameter, with 
3-4 rows of spikelet pairs. Staminate spikelets 8-9 mm. long, 2.25-
2.5 mm. wide, lanceolate, acute at apices, minutely hispidulous, green 
to pale pinkish with green veins; pedicels of pedicellate spikelets 3-4 
mm. long; anthers pink to medium red, 3-4 fun. long. 



-Al-



PL/iTB 11 

COAST TYPE 

Entry No. 125A-/+6 

Culm generally green, but with slight sun-purplej leaves at anthe-
Bis and matui'ity arcuate-spreading to somewhat ascending; leaf sheaths 
more or less closely surrounding culjii, usually green but sometimes red­
dish, moderately villous to hirsute along margins, otherwise scabridu-
lousj median sheaths 2/3 to 3/4 as long as corresponding internodes; 
midrib white, auricles prominent; flange green, occasionally with red­
dish veins, velutinous, to 3 cm. wide at outer edge; ligule 5 wide, 
stramineous-hyaline, erose-ciliate, outer surface glabrousj ligule-arc 
truncate to truncate-retuse, 5-6 cm. broad, about I/3 as high, liars 
per plant I-3 (mean number, 1.7}» generally at Qth node below tasselj 
husks 10-14, scabridulous, firm-texturod, the inner very narrow, gener­
ally bladeless but sometimes with bladelike tips to 10 cm. long; silks 
pink to red5 husked ears pyramidal-lanceolate, slightly rounded at base, 
tapered to apexj cob stiff, white; kernels white, vai'ying to pinkish-
tinged, obovate to subrotund, slightly to strongly dented, usually with 
flinty endosperm. Tassel cylindrical to cylindric-pyramidal, lateral 
branches 17-34 (mean number, 22,6), arcuate-ascending, flexuously spread­
ing or somewhat drooping at anthesis; median branches usually shorter 
than lower ones, which ai'e 25-34 cm, long; 33-50 per cent of branches 
with secondary branches; rachis of branches essentially straight, sub-
terete to triangular, velutinous to hirsutulous; terminal spike con­
siderably shorter than longest branches, 1-1,5 cm, in diameter, with 6-8 
rovis of spikelet pairs, Starainate spikelets 7-8 long, 2-2,25 ni®* 
wide, lanceolate, acute to acutish, minutely appressed-hirsutulous, 
green to pale pinlcish with red spot at base of each glume (rarely com­
pletely dark red-purple); pedicels of pedicellate spikelets 3-4 mm, 
long; anthers yellow to pink, 3-4 Jnm, long. 
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PLATE 12 

COAST TYPE 

Entry No. 9A.-46 

Culm green, with sun-purplej leaves at anthesis and maturity sharply 
ascending, recurved beyond xniddlej leaf sheaths loosely surrounding culm, 
overlapping at loargins, green or red-tinged at base, the color first 
appearing over veins, sparsely to moderately villous to strigose along 
margins, otherwise scabridulous to glabrous; median sheaths 2/3 as long 
as corresponding internodesj aiidrib white; auricles small to obscure; 
flange brownish, sparsely velutinous to almost glabrous, to 2 cm. wide 
at outer edge; ligule 5 wide, basal l/2 greenish-opaque, remainder 
stramineous-hyaline, erose, outer surface glabrous; ligule-arc truncate, 
about A cm. broad, slightly more than l/2 as high, liars per plant 1-2 
(mean number, 1.8), generally at 8th node below tassel; husks 14-18, 
tough in texture, generally bladeless; silks yellow to greenish, rarely 
red; husked ears lanceolate-cylindrical, almost truncate at base; cob 
stiff, white; kernels white or medium yellow, obovate to obdeltoid-
rectangular, slightly dented, usually with flinty endosperm. Tassel py­
ramidal to ovate-pyramidal, lateral branches Xk-yi (mean number, 21.3), 
stiffly ascending to arcuate-ascending at anthesis; median branches 
usually shorter than lower ones, which are 26-29 cm. long; 40-50 per 
cent of branches with secondary branches; rachis of branches straight 
or slightly flexuous, subterete, velutinous; terminal spike equalling 
or shorter than longest branches, 1-1.8 cm. in diameter, with 6-8 rows 
of spikelet pairs. Staminate spikelets 9-10 rata, long, 2.25-2.5 Jnm. 
wide, lanceolate-elliptical, acute at apices, sparsely and minutely 
hispidulous to hirsutulous, green to pale pinkish with red line at base 
of each glume; pedicels of pedicellate spikelets 2.5-3 "uu. long; anthers 
yellow to pink, 3-4 ran. long. 
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PLATE 13 

COAST TYPE 

Entry No. 96A-46 

Culm green to slight sun-redj leaves at anthesia ascending, the 
distal half gradually recurved, at maturity widely spreading} leaf 
sheaths loosely surrounding culm, overlapping at margins, generally 
green but occasionally pale reddish toward maturity, the color first 
appearing in intervein areas, sparsely hirsute to hirsutulous on upper 
part of margin, otherwise glabrousj median sheaths equalling to 2/3 as 
long as corresponding internodesj midrib white; auricles prominent} 
flange brownish, densely velutinous, to 2»5 cm, wide at outer edge} 
ligule 5 wide, basal I/2 to 3/5 greenish-opaque, the remainder 
stramineous-hyaline, erose, outer surface pubescent} ligule-arc obtuse, 
about 5 cm, broad and 3/4 as high. Ears per plant I-4 (mean number, 
1.9)J generally at 8th node below tassel; husks 10-15, scabridulous to 
hirsutulous, firm in texture, sometiiaes with bladelike tips uo to 15 
cm, long; silk color yellow; shape of husked ear lanceolate-cylindrical, 
subtruncate at base, gradually pointed} cob stiff, white; kernels white, 
obdeltoid to narrowly obovate, slightly dented, usually with flinty 
endosperm. Tassel pyramidal, lateral branches 11-24 (mean number, 
18.5), flexuously spreading to arcuate-drooping at anthesis; median 
branches shorter than lower ones, which are 22-34 cm. long} about 33 
per cent of branches with secondary branches; rachis of branches 
straight, subterete to triangular, villosuloua to hirsutulous} terminal 
spike considerably shorter than longer branches, 1.3-2 cm. in diameter, 
with 6-8 rows of spikelet pairs. Starninate spikolets 9-10 mm. long, 
2.5-2.75 in®, wide, lanceolate, acute hirsutulous, pale greenish to 
green throughout} pedicels of pedicellate spikelets 5-7 long} 
anthers yellowish-pink to pink, 3-4 mm. long. 
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PLATE 14 

MOUNTAIN TTPiii 

Entry No. lA-46 

Culm green to sun-purplej leaves at anthesis wide-spreading, the 
distal 2/3 sharply recurved, at maturity reflexed for entire length; 
leaf sheaths loose, compressed, generally overlapping at margins, more 
or less red-purple for most of length, the color first appearing in 
intervein areas, moderately villose-lanate over entire surface, the 
pubescence more dense and floccose along margins; median aheaths 2/3 to 
3/4 as long as corresponding internodea; midrib pink or sometimes white; 
auricles small, inconspicuous; flange pale brown to brown, sparsely 
velutinous, to I.5 cm. wide at outer edge; ligule 7 wide, stramin­
eous-hyaline, erose, outer surface glabrous; ligule-arc truncate, about 
3 cm. broad and almost as high. Ears per plant seldom more than one, 
generally at 7th or 8th node below tassel; husks 7-ll» almost glabrous, 
thin textured, generally bladeless but occasionally with blades to 15 
cm. long; silks pale red to light maroon; husked ears cylindrical, 
slightly enlarged at butt, sharply pointed; cob stiff, white; kernels 
orange-yellow, broadly obovate to obovate-rectangular, undented, usually 
with flinty endosperm. Tassel irregularly few-branched, lateral branches 
13-33 (mean number, 25.8), stiffly spreading to ascending at anthesis; 
median branches somewhat longer than lower ones, which are 20-29 cm. 
long; 8-25 per cent of branches with secondary branches; rachis of 
branches zig-zag-flexuous or rarely almost straight, strongly compressed, 
velutinous to hirsutulous; terminal spike longer than longest branches, 
1,3-1.a cm. in diacaeter, with about 8 rows of spikelet pairs. Staminate 
spikelets 9-10 mm. long, 2.75-3 ""li* wide, elliptical, acute to acutish, 
densely lanate, dull red-purple with green veins; pedicels of pedicel­
late spikelets 1-3 mm. long; anthers red-purple, 5-6 mm. long. 
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PLATE 15 

MOUNTAIN TYPE 

Entiy No. 39A-46 

Culm green or rarely aun-redi leaves at antheeia \vide-spreading, 
the disteil 2/3 sharply recurved, at maturity reflexed for entire length; 
leaf sheaths loose, compressed, generally overlapping at margins, gen­
erally medium purple throughout entire surface, the color first appear­
ing in intervein areas, densely villous to lanate throughoutj median 
sheaths equalling or 7/^ as long as corresponding Internodes; midrib 
white; auricles very minute or lackingj flange greenish-brown, densely 
velutinous, to 2.5 cm. wide at outer edge; ligule 2.5-3 viide, white-
hyaline, erose, outer surface densely pubescent; ligule-arc obtuse, 3-5 
cm. wide, 1/2 to 3/4 as high. Ears per plant seldom more than one, 
generally at 7th node below tassol; husks 9-12, thin in texture, soxae-
times with blade-tips to 8 cm. long; silks pale red to light maroon; 
husked ears cylindrical-tapering, slightly thickened at butt; cob stiff, 
white; kernels dull white to pale tan, obovate or rarely suborbicular, 
usually with flinty endosperm, occasionally slightly dented. Tassel 
irregularly pyramidal, lateral branches 4-19 (mean nujuber, 9.5)» stiffly 
spreading to somewhat ascending at anthesis; median branches shorter 
than lower ones, which are 18-42 cm. long; 12-30 per cent of branches 
with secondary branches; rachis of branches strongly zig-zag-flexuous, 
subtriangular, villosulous to hirtellous; terminal spike equalling or 
somevihat shorter than longest branches, I.5-2 cm. in diameter, with 
about 8 rows of spikelet pairs. Staminate spikelets 9-15 nuQ. long, 
2.5-3 J®™* viide, elliptical-lanceolate, acute, densely Icinate-villous, 
dull purple-red with green veins; pedicels of pedicellate spikelets 1 mm. 
or less in length; anthers straniineous ̂to yellow, 4-5 long. 
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PLATiS 16 

MOUNTAIN TYPE 

Entry No. IO6A-46 

Culm greenish to sun-purple; leaves at anthesis divergent-ascending, 
rather sharply reflexed beyond middle, at maturity reflexed for entire 
length; leaf sheaths loose, compressed, somewhat overlapping at margins, 
medium purple-red over most of surface, the color first appearing in 
intervein areas, densely villous over entire surface, villous-lanate 
along margins; median sheaths equalling or somewhat longer than corre­
sponding internodes; midrib white; auricles very minute; flange brown­
ish, densely velutinous, to 2.5 cm, vdde at outer edge; ligule 3 mm, 
wide, stramineous-hyaline, erose-ciliate, outer surface glabrous; ligule-
arc obtuse, 4.5-5 cm. broad, about 4/5 as high. Ears per plant seldom 
more than one, generally at 5th to 7th node below tassel; husks 9-12, 
thin in texture, general]y bladeless but sometimes vdth blades to 25 cm. 
long; silks pale red to light maroon; husked ears cylindric-tapering, 
slightly enlarged at butt; cob stiff, white; kernels medium to orange-
yellow, broadly obovate to obovate-deltoid, sometimes slightly dented, 
usually with flinty endosperm. Tassel irregularly ovate to pyramidal, 
lateral branches 7-15 (mean number, 11.1^ stiffly spreading to ascend­
ing, sometimes somewhat drooping at anthesis; median taranches about 
equalling or a bit longer than lower ones, which are 2I-3O cm. long; 
9-20 per cent of branches with secondary branches; rachis of branches 
straight to slightly flexuous, subtersto to strongly coiupressed, hir-
sutulous to villooulous; terminal spike equalling or considerably shorter 
than longer branches, 1.5-2 cm. in dieunoter, with 6-8 rows of spikelet 
pairs. Staminato spikelots 8-9 mm. long, 2-2.25 inm. wide, elliptical-
lanceolate, obtuse to acute, sparsely villous, medium red with green 
tips and green veins; pedicels of pedicellate spikelets 0,5 nun. or less 
in length; anthers yellow to pink, 4-5 long. 
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PLATE 17 

MOUNTAIN TlfPfi 

Entry No. 33A-A6 

Culm green with faint aun-purple tinge; leaves at anthesis divergent-
arcuate and at maturity sharply reflexedj leaf sheaths loose, compressed, 
somewhat overlapping at niargins, medium to dark red-purple (rarely 
green), throughout, the color first appearing on intervein areas, moder­
ately to densely villous over surface, margins floccose, median sheaths 
essentially equalling corresponding internodesj midrib white or occasion­
ally pinkish-purpleJ auricles xoinuta to lacking; flange medium-brownish, 
velutinous, to 3 at outer edge; ligule to 4 mm, wide, stramin­
eous-hyaline, erose-ciliate, outer surface minutely pubescent; ligule-
arc obtuse, ̂ -5 cm, broad, about 1/2 as high. Ears per plant seldom 
more than one, generally at 7th to 9th node below tassel; husks 9-12, 
thin in texture, generally with bladelike tips to 30 cm. long; silks 
pale red to light maroon; husked ears cylindric to cylindric-tapering, 
slightly enlarged at butt; cob stiff, white; kernels white or tinged 
with pale pink, broadly obdeltoid to obovate, undented, usually with 
flinty endosperm. Tassel irregularly few-branched, lateral branches 
7-17 (mean number, 12,4j, stiffly ascending or somewhat eircuate at an-
thesis; median branches slightly shorter than lower ones, which are 27-
36 cm, long; 20-30 per cent of branches with secondary branches; rachis 
of branches somewhat zig-zag-flexuous, subtriangular, hirsutulous; ter­
minal spike equalling or somewhat exceeding longest branches in length, 
1-1,5 cm, in diameter, with 6-8 rows of spikelet pairs, Staminate spike-
lets 10-11 rara, long, 2,5-2,75 nmi, wide, elliptical, obtuse to acutish, 
densely hirsutulous, basal 3/4 usually dull reddish and tip portion 
green, veins green; pedicels of pedicellate spikelets 1-2 mm, long; 
anthers yellow to red-purple, 5-7 mil* long. 
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PLA.TE 18 

GIANT TIPE 

Entry No. 15A-46 

Culm green or with slight sun-purplej leaves at anthesis arcuate-
sproading to somewhat drooping, at maturity reflaxed for entire lengthj 
leaf sheaths loosely to tightly clasping culm, overlapping only at base, 
green, sparsely pilose along margins and beneath flange, otherwise min­
utely Bcabridulous, median sheaths equalling or slightly exceeding cor­
responding internodesj midrib whitej auricles medium-sized to ;ainute or 
lacking} flange greenish to brownish, subvelutinous to glabrous, to 3 
cm, vdde at outer edge] ligule 6 mm. wide, basal l/2 greenish-opaque, 
remainder stramineous-hyaline, erose, outer surfaco pubescent; ligule-
arc truncate to truncate-retuse, about 5 cm. broad and about 3/4 as high. 
Ears per plant 1-2 (mean number, 1.02), generally at 7th node below 
tasselj husks 10-12, large, tough in texture, generally bladelessj silks 
yellowish-green to pinkj husked ears nearly cylindrical, slightly en­
larged at buttj cob white, stiffj kernels orange-yellow to yellow, 
broadly obovate to broadly obdeltoid or suborbicular, slightly dented, 
usually with flinty endosperm. Tassel pyramidal to cylindric-pyramidal, 
lateral branches 13-30 (mean number, 18.1), stiffly spreading to slightly 
drooping at anthesisj median branches equalling or somewhat longer ttian 
lower ones, which are 27-35 cm. long; 12-18 per cent of branches with 
secondary branchesj rachis of branches zig-zag-flexuous, subtriangular 
to compressed, hirsutulous to strigoae; terminal spike longer than 
longest branches, 1.5-2 cm. in diameter, with 6-8 rows of spikelet 
pairs. Staminate spikelets 7-9 mm. long, 1,75-2 mm. wide, elliptical 
to elliptical-lanceolate, acute to acutish, sparsely villosulous, stra­
mineous with red-purple blotch at base of each glumej pedicels of pedi­
cellate spikelets 2-4 mm. longj anthers yellow to pale pink, 5-6 mm, 
long. 
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PLATE 19 

GIANT TYPE 

Entry No. 17A-46 

Culm green or slightly sun-purplej leaves at anthesis ascending 
with distal l/2 strongly recurved, at maturity essentially the saniej 
leaf sheaths tightly clasping culm, overlapping only below the middle, 
vaiying from green to red-purple, the color first appearing in inter-
vein areas, densely villous to pilose, particularly along margins and 
beneath flangej median sheaths longer to considerably longer than 
corresponding internodesj midrib white; auricles minute to lacking; 
flange greenish to pale brownish, densely velutinous, to 3.5 cm. wide 
at outer edge; ligule 3-6 mm. wide, basal l/2 greenish-opaque, remainder 
stramineous- to greenish-hyaline, erose-ciliate, outer surface glabrous; 
ligule-arc truncate, about 4 cm. broad and almost as high. iSars per 
plant 1-2 (mean number, 1.2), generally at 7th node below tassel; husks 
9-12, large, tough in texture, generally bladeless; silks yellowish-
green to pink; husked ears nearly cylindrical and somewhat enlarged at 
butt; cob stiff, white; kernels white, broadly obovate to suborbicular, 
sometimes slightly dented, usually with flinty endosperm. Tassel ovate-
pyramidal to pyramidal, lateral branches 12-29 (mean number, 21.2), 
spreading to somewhat leixly recurved or strongly drooping at anthesis; 
median branches equalling or shorter than lower ones, which are 18-28 
cm. long; 8-15 per cent of branches with secondary branchlets; rachis 
of branches straight to slightly flexuous, subterete, velutinous to 
hirsutulous; terminal spike shorter than longer branches which are 1-
1.5 cm. in diameter, with 6-8 rows of spikelet pairs. Staminate spike-
lets 7-9 uta. long, 1-1,5 wide, lanceolate to narrowly lanceolate, 
acute to acuminate, densely appressed-hirsutulous, entirely green; 
pedicels of pedicellate spikelets 3~6 mm, long; anthers pinkish, 4.5-6 
nun. long. 
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PLATE 20 

giant type 

Entry No. 47A-46 

Culm groen or rarely sun-purplej leaves at anthesia arcuate-
divergent, at maturity reflexed for entire length; leaf sheaths tightly 
clasping culm, overlapping only below middle, green to slightly purplish, 
the color first appearing in the intervein areas, sparsely pilose to 
floocose-lanate on margins and below flange, otherwise essentially 
glabrous; median sheaths about 7/8 as long as corresponding internodesj 
midrib whitej auricles small to inconspicuousj flange stramineous to 
purple-broTwn, essentially glabrous, to 2 cm. viide at outer edge; ligule 
6 mm. vdde, basal l/2 greenish-opaque, remainder stramineous-hyaline, 
erose-ciliate, outer surface pubescent; ligule-arc truncate, about 6 cm. 
broad, 3/4 as wide. Ears per plant 1-2 (mean nuraber, l.l), generally 
at 7th node below tassel; husks 11-12, large, thin in texture, sometimes 
with blade-like tips to 2 cm. long; silks whitish-stramineous; husked 
ears narrowly cylindrical with gradual taper, abruptly pointed, sub-
truncate at base; cob stiff, white; kernels white or yellow (occasionally 
purple), broadly obovate to suborbicular to subreniform, undented, with 
flinty endosperm, Taasel pyramidal, lateral branches 10-21 (mean nuraber, 
14.2), laxly spreading to arcuate-pendulous at anthesis; median branches 
somewhat shorter than or equalling lower ones, which are 30-48 cm. long; 
about 25 per cent of branches with secondary branches; rachis of branches 
straight, triangular, velutinous to hirsutulous; term3.nal spike con­
siderably shorter than longest branches, 1,75~2,2 cm. in diameter, with 
about 8 rows of spikelot pairs. Staaiinate apikelets 9-10 ram. long, 2-
3.25 mn\. wide, elliptical-lanceolate, acutish, densely strigose, whitish-
strajnineous to green or pale pinkish at basa, with red line at base of 
each glume; pedicels to pedicellate apikelets 5-7 long; anthers 
medium to bright red, 4-5 long. 
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PLATE 21 

aiANT TYPE 

Entry No. 138A-46 

Culm greenish to aun-redj leaves at anthesis arcuate-divergent to 
drooping, at maturity reflexed for entire length; leaf sheatha clasping 
culm only below middle, green, sparsely villous along margins and under 
base of blade, otheriid.se scabridulousj median sheaths equalling or some­
what longer than corresponding internodes; midrib white; auricles small 
to minuteJ flange green to stramineous, glabrous, to 2.5 cm, wide at 
outer edgej ligule 6 mm. wide, basal 1/2 greenish-opaque, remainder 
stramineous-hyaline, erose, outer surface glabrous; ligule-arc obtuse 
to truncate, about 7 c™* broad, approximately 1/2 as high. Ears per 
plant 1-2 (mean number, 1.3)» generally at 7th node below tassel; husks 
9-12, very large, tough in texture, generally bladeless; silks greenish-
yellow to pink; husked ears almost cylindrical with enlarged butt; cob 
stiff, white; kernels whitish to stramineous, obovate to subrectangular, 
undented, usiially with flourlike endosperm; rows of kernels strongly 
spiralled. Tassel more or less cylindrical to cylindric-pyreuatdal, 
lateral branches H-30 (mean number, 23.2), laxly spreading to recurved 
and drooping at anthesis; median branches more or less equalling lower 
ones, which are 20-32 cm, long; 10-18 per cent of branches with secondary 
branches; rachis of branches straight, velutinous; terminal spike 
equalling longest branches, 1-1.8 cm. in diameter, with 6-8 rows of 
spikelet pairs. Staminate spikelets 10-12 mm, long, 2.5-2.75 nmi. wide, 
lanceolate, acute to acuminate, lanate-villous, green to stramineous; 
pedicels of pedicellate spikelets A-7 n>m, long; anthers yellow, 5-6 mm, 
long. 
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PLATE 22 

GIAMT TYPE 

Entry No. l^A-46 

Cxilra greenish, aometiraes sun-purple j leaves at an thesis divergent-
spreading, sharply recurved beyond jniddle, at maturity reflexed for 
entire lengthj leaf sheaths clasping culm only below middle, green with 
siin-purple, the color first appearing on veins, sparsely to densely vil­
lous along margins, otherwise scabridulous to hirsutulous; laedian sheaths 
equalling or 5/6 as long as corresponding internodes; midrib wliite or 
occasionally pink to purple-redj auricles minute to lacking} flange 
green with purplish or brownish veins, velutinous to glabrate, to 2.5 cm, 
wide at outer edgej ligule 5 nun. wide, basal l/3 to 1/2 greenish-opaque, 
remainder stramineous-hyaline, erose-ciliate, outer surface glabrous; 
ligule-arc truncate, about 4«5 era, broad and high, iiars per plant 1-2 
(mean number, 1.1), generally at 7th node below tasselj husks 11-15> 
large, tough in texture, generally bladelessj silks greenish-yellow to 
pinkj husked ears almost cylindrical, with enlarged butt; cob stiff, 
white; kernels mostly white, but some pale to medium yellovsj, obovate to 
suborbicular, undented, usually with flinty endosperm. Tassel cylin­
drical to cylindrical-quadrate, lateral branches 13-30 (mean number, 
19.0), spreading to arcuate-ascending at anthesis; median branches longer 
than lower ones, which are 25-32 cm, long; 20-25 per cent of branches 
with secondary branches; rachis of branches straight, subterete to 
elliptical, puberulent to glabrate; terminal spike somewhat shorter than 
longest branches, 1-1.5 cm. in diameter, with 6-8 rows of spikelet 
pairs. Staminate spikelets 7-9 niri* long, 1-1.75 wide, elliptical 
to elliptical lanceolate, acute to acutish, minutely hispidulous, dark 
red-purple throughout; pedicels of pedicellate spikelets 2.5-4 ram. long; 
anthers yellow to medium red, 3«5-5 ""n. long. 
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PLaTE 23 

U. S. SimLE-CROSS 

Entry No. 153xWF9 

Culm green with slight sun-red tingej leaves at anthesis and matur­
ity divergent-ascending, slightly recurved to drooping beyond middlej 
leaf sheaths loosely surrounding culm, strongly overlapping at margins, 
entirely green or moderately reddish at base, densely villous at mar­
gins, otherwise scabridulousj median sheaths equalling or slightly 
shorter than corresponding internodesj midrib white] auricles small or 
obsolete J flange brownish v;ith darker veins, densely velutinous, to 2.5 
cm. vdde at outer edge; ligule 3-4 nmi. wide, straminoous-hyaline, erose-
ciliate, outer surface glabrous; ligule-arc obtuse to slightly retuse, 
5-6 cm. broad and l/2 as high. Ears per plant 1-2 (moan number, 1.3), 
generally at 7th or 8th node below tassel; husks 9-12, loose, scabridu­
lous, medium to firm in texture, generally bladeless; silks greenish-
yellow, turning to pink; husked ears cylindrical; cob stiff, red; kernels 
mediuja to deep yellow, obovate, strongly dented. Tassel irregularly 
cylindric-pyrainidal, lateral branches 11-19 (mean number, 13>2), ascend­
ing to spreading-arcuate at anthesis; median branches equalling or some­
what shorter than lower ones, which are 23-33 cm. long; 15-20 per cent 
of branches with secondary branches; rachis of branches straight, sub-
terete to triangular, velutinous; terminal spilce equalling or longer 
than longest branches, 2-3 cm. in diameter, with about 8 rows of spike-
let pairs. Staminate spikelets 8-9 mm. long, 1.75-2 mm. wide, lanceo­
late, acute, sparsely hispidulous, stramineous to pale pinlc with green 
veins; pedicels of pedicellate spikelets 2.5-4 long; anthers stra­
mineous to pink, 3-4 mill. long. 
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PLiiTifi 24 

U. S. SINaLiL-GROS;i 

Entry No. 205x289 

Culm green to stramineous; leaves at anthesis and maturity arcuate-
ascending, somewhat drooping beyond the middle; leaf sheaths loosely 
surrounding culra, overlapping at margins, green, strigillose to sparsely 
hirsute on margins, otherwise minutely scataridulous to glabrous; median 
sheatha equalling to 3/4 as long as corresponding internodes; midrib 
white; auricles minute to lacking; flange brown with dark veins, veluti-
nous, to 2.5 cm. wide at outer edge; ligule 2.5-3«5 wide, basal I/2 
greenish-opaque, remainder stramineous-hyaline, eroae-ciliate, outer 
surface glabrous; ligule-arc truncate, about 5*5 cm. broad and I/2 as 
high, Kara per plant 1-2 (mean number, 1.5)» generally at 6th or 7th 
node below tassel; husks B-10, loose, hispidulous to glabrous, thin-
textured, generally bladeless; silks greenish-yellow, turning pink; 
husked ears cylindrical; cob stiff, red; kernels median yellow, obovate 
to obovate-obdeltoid, slightly dented. Tassel loosely cylindrical, lat­
eral branches 12-18 (mean number, 13.5)> arcuate-divergent at anthesis; 
median branches about equalling lower ones, which are 23-30 cm. long; 
about 25 per cent of branches vdth secondary branches; rachis of branches 
slightly zig-zag-flexuous, subterete, velutinous to glabrous; teriiiinal 
spike equalling or shorter than longest branches, 1.5-2.5 cm. in diam­
eter, with about 6 rows of spikelet pairs. Staminate spikelets 9-12 mm. 
long, 2-2.5 wide, lanceolate to lanceolate-elliptical, acute, 
sparsely to densely hispidxilcus, stramineous to greenish; pedicels of 
pedicellate spikelets 2-5 mm. long; anthers yellowish, 4-5 mm. long. 
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PLATE 25 

U.S. SINOLli-CROSS 

Entry No. 205x234 

Culm green to straioineous; leaves at anthesis and maturity strongly 
ascending to arcuate-ascending, somewhat recurved beyond the middle} 
leaf sheaths surrounding culm, overlapping at margins, green, sparsely 
strigillose to hispid at margins, otherwise scabridulousj median sheaths 
equalling or slightly exceeding corresponding internodesj midrib white; 
auricles small or lacking} flange brown, velutinous, to 2 cm. wide at 
outer edge; ligule 3 wide, stramineous-hyaline or somewhat opaque 
at base, erose-ciliate, outer surface densely pubescent; ligule-arc ob­
tuse to truncate, about 5*5 cm. broad, l/2 to 2/3 as high. Ears per 
plant 1-2 (mean number, 1.1), generally at 7th or 8th node below tassel; 
husks 8-10, loose, scabridulous, medium to firm in texture, generally 
bladeless; sillcs greenish-yellow, turning to pinkish; husked ears cylin­
drical; cob stiff, red; kernels pale to medium yellow, narrowly obovate-
rectangular to obovate, strongly dented. Tassel subpyramidal, lateral 
branches 12-1? (mean number, 13«5), spreading to somewhat drooping at 
anthesis; median branches somevihat shorter than lower ones, which are 
22-31 cm. long; 25-33 per cent of branches with secondary branches; 
rachis of branches straight to zig-zag-flexuous, aubterete to strongly 
compressed, densely velutinous; terminal spike equalling or somewhat 
longer than longest branches, 1.3-1.8 cm. in diameter, with 6-B rov<s of 
spikelet pairs. Staminate spikelets 9-11 imn. long, 1.75-2.25 nun. wide, 
elliptical to elliptical-lanceolate, acutish, hispidulous to velutinous, 
varying from green to somewhat pinkish, with pale red splotch at base 
of each glume; pedicels of pedicellate spikelets 5-10 nun. long; anthers 
stramineous to pink, 3*5-5 Jti™* long. 





PLATE 26 

U. S. SBIGLbi-CliOSii 

Entry No. MUxi^vF9 

Culm green to stramineous, vdth slight sun-redj leaves at anthesis 
and maturity divergent to arcuate-ascending, the distal I/3 recurvedj 
leaf sheaths loosely surrounding culni, overlapping at margins, green, 
sparsely villous to lanate-villous on margins, othenwise minutely sca-
bridulous; median sheaths equalling the corresponding internodesj mid­
rib white to pale pinkish; aioricles small to obsoletei flange brownish, 
velutinous, to 2 cm. wide at outer edgej ligvile 3-4 mm. wide, basal I/2 
greenish-opaque, remainder stramineous-hyaline, erose-ciliate, outer 
surface glabrousj ligule-arc truncate, about 5.5 cm. broad and l/2 as 
high. Ears p«r plant 1-2 (mean number, 1.1), generally at 7th node be-
lov; taoselj husks 8-10, loose, scabridulous to hirsutuloua, firm-
textured, generally bladeless; silks greenish-yellow, turning to pinkj 
husked ears cylindricalj cob stiff, redj kernels yellow, oblanceolate-
rectangular, sJjLghtly to strongly dented. Tassel pyramidal to cylindrio-
pyramidal, lateral branches 12-17 (mean number, i4.I), widely spreading 
to somewhat drooping at anthesisj median branches equalling or shorter 
than lower ones, which are 20-27 cm. longj 16-27 per cent of branches 
with secondary branches; rachis of branches slightly flexuous, subterete, 
velutinous to glabrescentj terminal spike exceeding longest branches, 
1,5-2 cm. in diameter, with 6-8 rows of spikelet pairs. Standnate 
spikelets 8-10 mm. long, 2-2.25 wide, lanceolabe, acute to sub-
acuniinate, minutely hispidulous, green to moderately pinkj pedicels of 
pedicellate spikelets 3-7 mia. longj anthers pale pink, 3-4 fwii* long. 





PLATE 27 

U. a. SiNQLii-CHOaS 

Entry No, M14xWis.22 

Culm green to stramineous at maturity, or with slight sun-red colorj 
leaves at anthesis and maturity spreading to ascending, the distal I/3 
recurved} leaf sheaths loosely clasping culm, overlapping at margin for 
moat of length, green to moderately red, the color first appearing over 
veins, minutely hispidulous to hispidulous-lanulose along margins, other­
wise glabrous; median sheaths equalling or slightly shorter than corre­
sponding internodesj midrib white to rarely pinkishj auricles small to 
obsoletej flange stramineous to brown, densely velutinous, to 2.5 cm. 
wide at outer edge; ligule 4-5 nim. wide, stramineous-hyaline, erose-
ciliate, outer surface sparsely pubescentj ligule-arc obtuse to truncate, 
up to 6 cm. broad and 1/2 as high. Ears per plant 1-2 (mean number, 
1«4)* generally at 7th or 8th node below tasselj husks 8-10, loose, 
scabridulous to hirsutulous, firrar-textured, occasionally with bladelike 
tips to 5 cm. longj silks greenish-yellow turning to pink; husked ears 
cylindrical; cob stiff, red; kernels pale to medium yellow, obovate, very 
slightly dented. Tassel pyramidal, lateral branches 10-17 (mean number, 
14.6), spreading to somewhat ascending; median branches equalling or 
somewhat shorter than lower ones, which are 20-28 cm. long; 20-25 per 
cent of branches with secondary branches; rachis of branches subterete, 
puberulous to hirsutulous; terminal spike somewhat shorter than longest 
branches, 1.5 cm. in diameter, with 4-6 rows of spikelet pairs. Staminate 
spikelets 8-10 mm. long, 1.5-2 mm. wide, elliptical, acutish at apices, 
densely strigillose to hirsutulous, green or medium pinlc with green 
veins and broad pink to red line at base of each glume; pedicels of 
pedicellate spikelets 3-5 mm. long; anthers yellow to pale pink, 4-5 'wa. 
long. 





PLATE 28 

Sample ears of two 
found in Guatemala. 

1. 9A-46 ) 
2. 12A-A6 ) 

3. 47A-46 ) 
4. I38A-46 ) 

5. lA-46 ) 
6. 39A-46 ) 

7. 32A-46 ) 
8. 3oa-46 ) 

variants of each of the four types of maize 

Coast Type 

Giant Type 

llountain l^pe 

Early Type 
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Table 2. Maana and eztremaa of plant height, culm diameter 
and number of nodes, recorded in natural environ­
ments, to supplement entry descriptions on pages 
26 to 74. 

Height in cm, Culm diameter in cm. Number of nodes 

Number Min. Mean Max. Min. Mean Max. Min. Mean Max. 

Ui S. Single Crosses 

153 X \m 233 246.7 263 2.3 2.9 3.6 17 17.9 20 
205 X 289 257 270.3 286 2.2 2.6 3.0 17 17.8 18 
205 X 234 247 261.0 278 2.4 2.9 3.4 17 18.1 20 
M14 X WF9 247 253.0 262 2.4 2.9 3.2 17 18.3 20 
M14 X Wis, 22 224 246.1 265 2.8 3.1 3.4 17 18.1 20 

Early Type 

30A - 46 163 199.3 236 1.3 1.9 2.5 11 13.8 16 
32A. - 46 182 230.8 271 1.5 1.9 2.8 13 15.3 18 
25 - 44 187 221.5 258 1.5 2.2 2.8 12 14.9 18 

Coast Type 

lOlA - 46 257 354.2 402 2.1 3.2 3.2 18 20.3 22 
13 - 44 281 323.8 364 2.0 2.7 3.2 14 18.0 20 
42A - 46 320 364.2 434 2i3 2.8 3.5 17 19.5 22 
12A - 46 3U 386.3 434 2.5 3.1 3.9 18 20.0 23 
7A - 46 260 304.3 369 1.9 2.5 3.4 16 18.6 22 
125A - 46 286 333.1 372 2.0 2.8 3.5 17 18.6 21 
9A - 46 316 356.8 404 2.4 3.1 3.6 18 19.8 22 
96A - 46 300 345.7 404 2.1 2.9 3.6 17 19.4 22 

Mountain Type 

lA - 46 223 235.5 247 2.0 2.2 2.5 U 15.6 18 
39A - 46 222 246.7 272 2,0 2.2 2.6 U 15.8 18 
106A - 46 226 252.1 274 2.2 2.5 3.2 15 17.1 20 
33A - 46 213 231.9 246 2.3 2.4 2.6 16 17.2 18 

Giant l^rpe 

15A - 46 303 334.1 390 2.4 3.1 4.0 19 21.3 25 
17A - 46 334 372.1 414 2.3 3.2 3.6 20 22.4 26 
47A - 46 263 296.9 345 2.5 3.1 4.0 19 20.2 23 
138a - 46 3U 372.2 426 2.7 3.5 4.3 21 24.4 27 
14a - 46 312 342.9 401 2.4 3.0 3.7 19 21.7 26 
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Table 3» Means and extremes of median leaf jneasurements, 
recorded in natural environments, to supplement 
entry descriptions on pages 26 to 74. 

number 

Length in cm. Vilidth in cm. Area in sq. cm. 

number Min. Max. Min. Max. Min. Mean Max. 

U. S 1. Single Crosses 

153 X W9 84 100 10.5 14.5 690 878.2 1,125 
205 X 289 88 103 9.2 11.8 669 739.6 902 
205 X 234 85 96 10.2 13.5 701 784.5 931 
UU X WF9 85 97 10.5 13.0 669 823.8 926 
M14 X Wis. 22 82 97 12.0 15.0 815 912.4 1,057 

Early Type 

30A - 46 46 86 7.0 10.0 289 456.7 710 
32A - 46 57 91 6.1 10.4 3U 498.1 722 
25 - 44 52 89 7.0 9.8 338 570.6 749 

Coast Type 

lOlA - 46 78 120 8.0 11.6 604 843.3 1,122 
13 - 44 86 122 7.8 11.3 608 729.6 900 
42A - 46 87 122 8.3 11.3 616 787.3 990 
12A - 46 92 127 9.0 12.5 748 816.8 990 
7A - 46 84 113 8.0 11.0 470 715.6 945 
125A - 46 78 124 8.8 12.0 527 814.2 1,035 
9A - 46 99 128 8.2 12.6 638 915.2 1,344 
96A - 46 92 120 6.7 12.0 689 846.2 1,008 

Mountain Type 

lA - 46 60 82 8.0 10.4 389 497.1 624 
39A - 46 65 87 8.5 13.4 453 577.4 790 
106A - 46 72 102 8.0 10.0 432 598.3 765 
33A - 46 65 89 8.5 11.0 485 576.0 689 

Giant Type 

15A - 46 84 114 9.0 14.0 660 903.4 1,153 
17A - 46 102 128 8.5 13.0 644 942.5 1,257 
47A - 46 80 121 9.3 14.3 594 902.6 1,287 
138a - 46 112 150 8.5 14.5 768 1,032.8 1,403 
14A - 46 95 125 9.5 13.0 709 911.5 1,125 
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Table 4. Means and extremes of ear meaaurements, recorded 
in natural environments, to supplement entry-
descriptions on pages 26 to 74« 

Number 

Length in cm. Diameter in cm. No. of kernel rows 

Number Kin. Mean Max. Min. Mean Max. Min. Mean Max. Mode 

U. S. Single Crosses 

153 X. VJF9 19.0 24.6 28.2 5.2 5.6 6.0 16 17.8 20 18 
205 X 289 23.0 26.9 29.3 4.2 5.1 5.5 U 15.0 16 14/16 
205 X 2% 22.0 25.1 26.4 5.0 5.7 6.1 14 17.6 20 18 
MI4 X WF9 20.5 23.1 26.0 5.6 5.9 6.2 18 19.0 22 18 
MU X Wis.22 24.0 26.0 27.3 4*3 5.0 5.5 14 16.4 18 16 

Early Type 

3OA - 46 8.6 12.2 15.4 3.1 3.9 4.2 10 12.0 U 12 
32A - 46 10.8 13-0 15.9 3.2 4.0 4.4 10 12.2 16 12 
25 - U 12.7 13.8 17.1 3.1 4.1 4.4 10 12.0 14 12 

Coast Type 

lOlA - 46 15.9 18.9 20.3 3.8 4.2 5.1 12 13.1 16 12 

13 - 44 13.9 15.6 20.3 3.5 3.7 4.4 10 11.0 12 10/12 
42A - 46 12.7 17.4 22.9 3.8 4.8 6.4 12 14.4 16 U 
12A - 46 14.6 18.0 23.5 4.5 4.8 5.7 12 U.5 16 u 
7A - 46 12.1 13.8 17.8 3.8 4.5 5.1 12 u.o 18 14 
125A - 46 16.5 18.1 20.3 4.4 4.5 5.1 14 16.4 20 16 
9A ~ 46 14.0 17.1 21.6 4.5 4.8 5.7 12 13.9 18 U 
96A - 46 13.3 16.8 19.7 3.8 4.0 4.4 U 16.4 20 16 

Mountain Typo 

lA - 46 12.7 14.2 18.4 3.8 4.3 5.1 12 12.6 14 12 
39A - 46 10.2 12.3 18.4 2.5 3.5 5.1 8 12.4 U 12 
106A - 46 12.4 16.7 20.2 3.7 4.4 5.2 10 12.8 14 12 

33A - 46 13.9 16.4 21.6 3.8 4.3 5.1 8 10.2 U 10 

Qiant T^e 

15a - 46 17.2 20.5 24.1 4.5 4.9 6.0 U 17.5 24 16 
17A - 46 15.2 18.8 24.1 3.8 5.4 7.9 10 15.3 22 U/16 
47A - 46 14.0 17.5 19.7 4.4 5.0 5.7 12 14.6 18 U 
i38a - 46 20.5 25.4 38.6 4.8 6.1 8.2 12 14.9 16 U 
14a - 46 14.0 18.7 24.1 4.1 5.3 6.4 12 14.8 18 14 
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Table 5« Mean kernel measurements to supplement 
entry descriptions on pages <6 to TLy 

Number 

Mean 

Length 

diimenBions in nun. 

Viidth Thickness 
Weight per 

1000 in grams 

U. S ̂ Single Crosses 

153 3C V^9 0.91 0.89 0.46 3U 
205 X 289 0,93 0.87 0.43 266 
205 X 234 1.07 0.84 0.49 362 
MU X WF9 1.13 0.76 0.43 256 
MU X VUs. 22 0.90 0.68 0.43 163 

Early Type 

30A ~ 46 0.93 0.86 0.43 223 
32A - 46 1.00 0.76 0,43 222 
25 - U 0.98 0.82 0.37 226 

Coast Type 

lOlA - 46 0.99 0.88 0.45 286 
13 - 44 0.98 0.96 0.45 298 
42A - 46 1.03 0.94 0.43 389 
12A - 46 0.95 0.88 0.51 344 
7A - 46 0.87 0.74 0.47 295 
125A - 46 0.97 0.87 0.42 288 
9A - 46 0.97 0.88 0.40 303 
96A - 46 1.00 0.90 0.40 320 

Mountain Type 

lA - 46 1.05 0.96 0.57 423 
39A - 46 1.05 1.02 0.51 584 
106A - 46 1.06 0.98 0.60 422 
33A - 46 1.04 1.05 0.57 503 

Giant Type 

15A - 46 0.88 0.86 0.48 373 
17A - 46 0.92 0.90 0.50 405 
47A > 46 0.88 0.92 0.51 410 
138A - 46 1.18 1.04 0.57 504 
14a - 46 1.00 0.99 0.46 438 
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races of flowering plants. In order to permit the arrangement of the 

general descriptions on a single page, opposite the photograph of each 

entry, the following nunierical and measurement data is arranged in tabu­

lar form (Tables 2, 3> 4* and 5) immediately follovdng the descriptions 

and photographss means and extremes of plant height, culm diameter, 

number of nodes, area of median leaf, length of ear, and diameter of 

ear; means, extremes and modes of number of kernel rows; extremes of 

length and width of median leaf; means of kernel length, width and thick­

ness; and mean weight per thousand kernels. 

Characteristics included in the descriptions are; leaf position 

at anthesis and at maturity; leaf sheath relation to culm, color, pubes­

cence, and length in relation to subtended node; size, color, and pubes-

shape and size of the ligule-aro» ; ear number, position, shape, and 

texture and number of husks; silk color; cob color; kernel shape, and 

type of endosperm; tassel shape, number of branches, extent of branching, 

comparative length of branches and central spike, and diameter of cen­

tral spike; staminate spikelet size, shape, color, pubescence, and 

length of pedicels when present; and size and color of anthers. 

cence of auricles ligule width, textui-e, pubescence, and 

See Plate 2 for diagrammatic presentation of the structure and 
terminology of the region of juncture between leaf-sheath and leaf-
blade. 
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METHODS 

All site plantings of the 25 varieties entering into the investi­

gation were made in 5*5 triple lattice designs (19). Each plot was 

planted in two rows with fourteen hills in each row. The rows were 

planted 10? centimeters {^2 in.) apart with the plants 45 centimeters 

(18 in.) apart in the row. Three kernels were planted in each hill and 

thinned to one plant per hi3.1 when the plants were 30 centimeters tall. 

The complete plot contained 28 plants growing singly. A border of a 

local, adapted variety was planted on all sides of the triple lattice. 

Each site planting resulted in a square of 1,024 meters. The rows were 

laid out true east - west by compass to bring inter-varietal shading to 

a minimum. Five plants vjere selected at random for measurement from 

the 28 plants in each replication. 

Dates of planting, emergence, anthesis, and dry-husk maturity were 

recorded. Data was taken on height, mean daily increase in height, 

leaf area, basal area, number of nodes, and yield. Notes were taken of 

insect and disease damage. Date of emergence was recorded as the number 

of days from emergence to anthesis. Ihe day of anthesis was selected 

as that on which 75 par cent of the plants of a given variety in the 

planting were in full state of shedding of pollen. Height was recorded 

at completion of anthesis as the number of centimeters from the normal 

ground level to the apex of the staminate inflorescence. The mean daily 

increase in centimeters, a function of height and anthesis, was taken 

as the quotient of the height at anthesis by the number of days from 
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emergence to axithesis. Leaf area in square centimeters was calculated 

from the wedian leaf. If the number of functional leaves was an even 

number, the theoretical median plus 0,5 was measured. In determining 

the leaf area the method employed by Eisele (23) and others was used, 

Thia determination was made by multiplying the product of the length 

and width by 0.75• Basal area of the stalk was taken as the quotient of 

the mean diameter squared times pi by 4. Measurement for this deter­

mination was made approximately I5 centimeters above the normal ground 

level. The niuuber of nodes at Sites 1 emd 2 were taken by count. At 

all other sites this number was taken as the number of nodes visible 

above normal gx'ound level plus 4. Yield was recorded in grams as the 

total air-dry weight of grain produced by the plant. Maturity was fixed 

at the day from emergence when the outer husks of the ear were dry and 

devoid of green color. 

Five soil samples were taken from each of three depths within each 

triple lattice. Tl'iese depths were 15, 45 and 75 centimeters. The five 

samples from a given depth were thoroughly mixed and a compound sample 

of one-half kilo was then drawn for analysis. The samples were weighed 

upon drawing for moisture deterndnation, 

Vi'ith the assistance of cooperators it was possible to collect rather 

complete climatological data for each site. At the low altitude sites 

precipitation records were secured from gauges of the Corapania Agricola 

de Guatemala. Site 1 was planted prior to the raixiy season, therefore 

the precipitation recorded for the early part of the growing period at 

this site was that supplied by overhead risers of the banana irrigation 

system. The rate of irrigation by this system was set at two inches 
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(50.8 mm.) in six hours every six days. All other precipitation reoojrdB 

for Sites 1 and 2 iNere talcen from the records of Alotenango Farm (16). 

For Sites 3 and 4 the direct readings of precipitation for Solola Farm 

(18) were recorded. At this altitude the relative humidity records of 

the central recording station at Tiquisate (17, 61) were used. Site 

checks were made by sling psychrometer. At Antigua (Sites 5* 6 and 7) 

the records of the Observatorio Nacional (78) of insolation and degree 

of cloudiness were used. This station is at approximately the same 

altitude as Antigua and has similar conditions of these two factors. 

At this altitude it was also necessary, on several occasions, to use 

data from Pinca Retana (13) which is adjacent to the plantings. Ihis 

data consisted of occasional daily temperatures and rainfall observa­

tions taken on direct-reading instruments. At Site 5 three dry-season 

surface irrigations were calculated as precipitation in mm, from weir 

measurements. All data for high altitude Site 9 was secured from the 

records of the Observatorio de Occidente (21) because of the proxijnity 

of this station to the planting site. Records of the length of day 

from sunrise to sunset were furnished by the Director of the Observa­

torio Nacional (79). All other observations for each of the nine sites 

were made by the vjriter. Vapor pressure and temperature of dew point 

were calculated (51). 
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SITE FACTORS 

Climatic Factors 

Atmospheric temperature 

Temperature was considered the most important factor controlling 

the growth responses of the maize planted in the different altitude-

climates in Guatemala. Altitude, in turn, was the principal factor con­

trolling temperature at the various sites. The seasonal temperature 

effects were barely discernable at the low altitude sites, apparent at 

the mid altitude sites, and limiting at the high altitude sites. 

Plates 29, 30, and 3I clearly illustrate the daily trends of the 

means and extremes of atmospheric ten^eratures dioring the growth periods 

at the various sites and altitudes. Tables 6 and 7 give the means, ex­

tremes and variations of atinospherio temperature for the growth period 

of each of the site plantings. 

At low altitude (67 meters) the difference between the mean atmos­

pheric temperatures of the growth periods of the four site plantings 

varied by only 1.5°C. The maximum temperature recorded at low altitude 

was 36.7°C.J the minimum recorded was 17.8®C. The greatest variation 

between extreme maximum and extreme minimum temperatures at low altitude 

was 18,4°C., recorded at Site 1 for the greatest low altitude growth 

period of ii3 days. 

The mid altitude sites, being located in the deep Ponchoy Valley 
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T*bU (S SuAurr of elluile f*etors r«eonl*d, /roa Iht d*/ of pltnllAf to th« ulurlljr of th« Mturlnc •ntrr, for 
«teh cf tl)« nln« •liat In OuttaMU. 

Slta nu«b«r 

Flantlnit data 19A7 

1 2 3 4 5 & 7 8 9 

March 13 May 17 AUgatl 30 6«pi. 10 Uareh 20 Hay 30 AUCWit 4 . Hay 30 kUy 19 

Mtara 67.00 67.00 67.00 67.00 1,533.00 X.533.00 1,533.00 3,266.00 2,497.00 
faat 2^.00 200.00 2O0.00 200.00 5,029.00 5,029.00 5,029.00 7,500.00 8,300.00 
daya 69.00 75.00 69.00 67.00 U3.00 119.00 U8.00 161.00 166.00 
®C, 20.22 26.94 26.96 26.94 18.06 18.67 17.48 .... 16.45 
• 36.70 33.90 33.90 33.90 36.00 26.00 36.00 28.00 
• lfi.30 20.00 19.40 19.40 9.00 11.00 10.00 .... 6.00 
• ia.;o 13.90 14.50 U.SO 17.00 15.00 16.x 22.00 
• 30.56 31.52 28.19 27.96 33.67 22.73 20.63 18.10 16.98 
• 31.40 32.60 29.80 29.80 23.50 23.50 23.50 30.40 19.00 
» 28.80 30.70 26.10 26.10 19.40 10.90 17.80 14.90 16.40 
• 2.60 1.90 3.70 3.70 4.10 5.40 5.70 5.60 3.60 

aa. 675.64 651.42 1,148.75 966.29 581.93 651.75 460.74 825.00 662.50 
hra. .... .... .... 177.20 3J3.30 228.00 iai.73 
•a./hr. •->- .... 3.28 3.03 2.02 3.64 
t 78.59 70.15 88.15 68.40 89.60 87.30 88.90 87.10 
" 40.00 30.50 58.50 58.50 31.50 38.00 25.50 50.00 

M. 28.68 26.58 26.60 26.98 15.54 16.07 U.90 13.98 
• 46.30 39.67 39.67 39.67 25.21 25.21 25.a 26.35 
a 15.77 17.53 16.89 16.89 8.61 9.84 9.a 7.01 
• 20.74 15.92 15.92 15.92 17.00 U.16 16.37 U.19 
• 0.49 0.64 0.57 0.57 3.24 0.31 3.61 0.34 

®C. 24 .U 21.11 23.89 23.89 15.00 16.U 15.56 u.u 
• 25.56 25.00 25.00 25.00 8.33 11.11 9.U .... 16.67 
• 17.78 19.U 18.89 18.69 2.22 10.56 2.78 .... 5.56 

m. ---- —. 367.60 259.40 299.70 .... 1,736.60 
• .... ---- 3.25 2.18 2.54 .... 7.10 
• 6.60 8.20 8.20 .... 8.30 
• 0.90 0.80 0.60 2.00 

.... ---- 1.58 2.51 1.54 .... 0.38 
f.c. 6,922.29 3,693,33 9,583.90 8,949.58 9,368.59 10,260.71 10,648.35 10,775.60 10,782.20 

1 7,904.00 9,240.00 10,160.00 10,160.00 10,620.00 10,800.00 10,920.00 11,160.00 11,700.00 
hrt. 5C6.05 377.75 600.20 478.00 724.40 682.20 717.20 .... 1,012.60 
• 7.33 4.97 8.70 7.13 6.41 5.73 6.08 .... 6.10 
• ll.CC 11.50 11.00 11.00 11.00 11.00 11.70 .... 9.35 
i 52.CC 64.00 53.00 52.CO 66.19 75.38 69.32 74.57 

Air tMp«r«tur», Mut 
" " , axtraM ux> 
" * , axlrama ain. 
" ' , vtrlkllon 

Soil ttapar«lura *t 30 ca., aaan 
• • « • <1 ^ aitrau 
" " « • « ^ axtrasa aln« 
• • . fi If J *»rlttlon 

Iraclpltallon, total 
" , duration 
* , Intanaltx 

Ralatlva hUAldlty, caan 
" " , axtraM diln< 

Vapor praiaura, aaan 
" " I axtraaa aka«« 
" " , axtraaa alni 
" " daflelt, axtraaa aax. 
" " " , axtraaa aln, 

Da« point, asan 
" * , axtra&a UkX. 
" " , axtraM aln. 

Evaporation, total 
'  , aaun 
* , axtraM sax. 
" , axtraaa aln. 

fraelpltatlon - ava|>oratlon ratio 
Lli{ht intanaity, oman aax. In full aun 

" " , axtraM Ml. " " 
Inaolatlon, total 

" , aaan 
" , axtraaa aax« 

Cloudlnaes, ae&n 

Uuntary of 
aaeh uf ttie 

Us.-ttlc fsctort rfcorjad, froa the 
nln« sllet In Uui>la.&iiia. 

day of planting to tha Mturltjr of tha latait Mturlnc antry, for 

Slta nuotiar 

Planting data 1947 

\ 2 3 4 5 6 7 8 9 

>»reh 13 May 17 Mucuat 20 Sapt. 10 Uarch 20 Uay 20 iucuat 4 Uay 30 Uay 19 

aatars t>7.00 67.00 67.00 67.00 1,533.00 1,533.00 1,533.x 2,286.x 2,499.x 
feat 220.U) 220.00 220.00 320.00 5,029.00 5,029.00 5,029.X 7,5M.X 8,y)0,00 
duya 113.00 111.00 110,00 105.00 190.00 185.00 187.x .... 227.x 
®C. 27.70 26.30 26.20 26.70 18.00 18.20 17.10 .... 16.40 
" 36.70 33.90 33.90 33.90 26.00 26.00 26.x 28.x 
• 18.30 19.40 18.30 17.80 9.CO 11.00 7.x .... - 1.70 

Id.40 14.50 15.60 16.10 17.00 15.x 19.x .... 29.70 
• 30.40 31.90 28.40 28.00 22.60 31.70 20.10 .... 17.20 
" 3i.40 32.60 29.80 29.80 23.50 23.50 23.50 .... 19.20 

28.80 30.70 2b.10 26.10 19.40 18.90 17.80 .... 13.x 
2.60 1.90 3.70 3.70 4.10 4.60 5.70 .... 5.40 

ZA. l,076,fl7 «31.76 i,4rfC.83 1,015.05 850.42 879>17 466.81 702.20 
hra. .... .... .... .... 349.50 416.90 427.20 .... 323.01 
aa./hr. .—. .... .... .... 2.43 2.11 1.09 .... 3.14 
i 81.99 77.34 85.43 05.63 «7.29 88.43 89.16 67.20 
" 40.CC 58.50 58.50 58.50 21.50 38.x 23.50 .... 50.10 
aa. 27.85 25.66 25.51 26.27 15.11 15.64 U.55 .... 13.96 
" 46.30 39.67 39.67 39.67 25.95 25.95 25.95 .... 28,35 

15.77 16.89 15.77 15,28 8.48 9.83 7.56 4,04 
20.74 15.92 15.92 15.92 17.74 14.04 17,63 .... 14.19 

• 0.56 0.62 0.59 0.57 2.68 0.32 1.51 .... 0.15 
"C. 74.44 21.67 23.33 23.59 15.50 16.10 15.50 .... U.40 

•> 25.56 25.00 25.00 25.00 8.30 11.10 6.60 .... 16.67 
•• 17.78 18.80 17.70 17.20 3.30 10.50 3.90 .... - 2.22 

as.. .... .... 553.60 414.50 636.50 .... 1.644.90 
N .... .... .... 2.93 2.31 3.40 .... 8.13 
« .... 6.60 8.20 8.20 10.30 
• .... .... .... .... 0.60 O.RO 0.80 .... 2.x 

.... .... .... .... 1.54 ?.12 0.73 .... 0.3fl 
f.c. 6,BC9.26 9,292.72 9.158.10 6,847.91 9,697.00 10,343.07 10,458.19 .... 10,750.67 

7,904.00 10,132.00 10,132.00 10,160.00 10,800.00 10,920.x 10,920.x .... 11,7X.X 
nra. 730.05 594.70 792.75 768.00 1,181.60 1,022,40 1,171,40 .... 1,237.15 

« 6.46 5.36 7.21 7.31 6.22 5.53 6.26 .... 5.45 
a 11.00 11.50 11.00 11.00 11.00 ll.X 10.70 .... 8.45 

i 54.CO 58.00 56.00 53.00 71.30 70.60 64.20 73.x 

AltUula 

UroKth parlod of latait Mturlnc antry 
Air teapiratura, aaan 
"  " ,  axtrasa MX.  
" " , axtreK« Bin> 
" • , varUtlon 

&oll tesparbtura at 30 ex., aaan 
" " « ti » ^ aitraoa sax. 
" " n • n ^ axtraaa aln. 
« • # i» n J variation 

Praelpltation, total 
'  , duraticn 
* , inlanalty 

iUlAllva hun.ldUy, aaan 
'  '  , axtfAM ain> 

Vapor praiaura, Man 
" " , axtraM MX.  
* • , axtraaa aln. 
" " daficit, axtraaa aax. 
« <* • , axtrtca aln. 

Dt« point, Man 
* " , axtr«M MX. 
" " , axtr«M aln. 

Evaporation, total 
" , Man 
" , axtraaa aax. 
" , axtra»« aln. 

PreelpltatUn - avapcratlon ratio 
Llrl.t Intanalty, Man ux. in full aun 

• • , axtraaa aax. • • 
Inaolation, total 

• , aaan 
" , axtraaa sax. 

Cloulinaia, Man 



PLATK 29 

Daily range of air temperatiire, from date of planting to iiiaturity 
of the latest maturing entry, at each of the four low altitude sites 
in Guatemala. 
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with slov; air drainage, were planted under remarkably uniform temperature 

conditions for that altitude (1,533 meters). Although both maxinium and 

minimum temperatures, recorded during the three growth periods at this 

altitude, were lower than at Sites 1 to 4, the variation between the ex­

tremes remained much the same. The maximum variation was at Site 7, 

which showed a variation of 19.0°C. for the growth period of 18? days. 

This variation was only 0,6®C. greater than the low altitude variation 

of 18,4°C. for Site 1. Had it been possible to carry plantings through 

the rainless mid-winter months temperatures as low as 2.0°C. might have 

been recorded at tliis altitude. 

At high altitude, temperatures varied considerably more between 

night and day, sun and cloud, and wind and calm than at the lower alti­

tudes. The maximuia temperature recorded during the 227 days growth 

period at Site 9 (2,499 meters) was 28.0°C. which was 2.0°C. higher than 

that recorded at any of the mid altitude sites 966 meters below. The 

minimum temperature recorded was -1.7°C. which naturally terminated the 

growth period of the latest maturing entry. The variation between ex-

trenies at Site 9 was 29.7°C. which was 10.7°C, greater than the vari­

ation at any of the other sites where temperatures were recorded. 

Light quantity 

Insolation was controlled by length of day and degree of cloudiness. 

Likewise the total insolation received by any entry of maize was con­

trolled by the growth period of that entiy. As may be seen from Tables 

6 and 7, the total insolation received varied considerably from site to 

site at low and mid altitudes. The low value received at Sites 2 and 6 



PLATE 30 

Daily range of air temperature, from date of planting to maturity 
of the. latest mat\u-ing entry, at each of the three mid altitude sites 
in Quateiaala. 
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PLATE 31 

Daily range of air temperature and precipitation, from date of 
planting to maturity of the latest maturing entry, at high altitude 
Site 9 IN Guatemala. 
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were due, in large part, to the increased cloudiness of the spring rainy 

season and the resultant low value of mean daily insolation, Ihe almost 

daily afternoon clouding at high altitude resulted in a very low value 

for the 227 day growth period at Site 9. Had it been recorded this 

value for Site 6 would have been even lower. 

Cloudiness, in general, increased with altitude. As may be seen 

from the tables the mean per cent of cloudiness at mid altitude was 

from 6.2 to 13.3 per cent greater than the maximum recorded for any of 

the growth periods at low altitude. At high altitude the increase was 

even greater. Most of the clouding took place after noonj the hour be-

coniing later as altitude was decreased. 

Intensity of light was a most difficult factor to measure under 

the conditions present in Guatemala. With the altiiost constant clouding 

effects it was impossible to record daily intensity curves that were 

accurate. Viith the instrument at hand it was, however, possible to re­

cord the maximum daily intensity and a mean maximum for the growth 

periods. These recordings in Tables 6 and 7 show that there was a 

definite increase in light intensity with altitude. The low values for 

Sites 1 and 5 were due to these two plantings having been made under 

irrigation in. tiie latter part of the dry season. At that time the in­

tensity of light was greatly reduced by the quantity of dust and smoke 

in the atmosphere. 

Most of the high light intensities were recorded during weather in 

which there was a thin veil of cirrus clouds. At high altitude this 

type of weather was common. The great amount of intermittent cloudi­

ness, at high altitude, during the morning hours and the more or less 



constant aftarnoon cloudiness had a very depressing effect on the 

otherwise high light intensities at that altitude. At inid altitude, the 

intensity was somewhat less but the period of daily insolation usually 

greater. At the low altitude sites the intensity was considerably less 

but the total number of hours of full sunshine was much greater. 

Ihus, the recordings of light intensity are somewhat deceptive. 

The maximum recording of 11,700 foot candles at 2,499 meters was an al­

most instantaneous reading as the sun shone through a cloud-break. 

Some of the low readings at near sea level continued over a period due 

to vinclouded skies. 

The daily trend of light intensity in Guatemala began vdth near 

zero just before sunrise to a maximum pealc at approximately 12s25. 

There was an extremely rapid drop or sudden fall with the afternoon 

clouding which began at varying hours depending on altitude. During the 

clearer weather the intensity curve was sigiirtoid but did not reach as 

high a peak due to atmospheric dust and siooke. Afternoon recordings at 

all altitudes were frequently less than 500 foot candles due to clouds 

and rain. 

Length of day variation between the longest and shortest days in 

Guatemala was only 1 hr. 48 min. As jiiight be expected with this vari­

ation there were no apparent indications of the effect of photoperiodism 

on growth response at any of the planting sites. Table 8 gives the 

hours of sunrise and sunset and shows the small but gradual changes in 

the limited daylight range. 
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Table 8. Length of day in Guatemala. 
Local time (U.T. Meridian 90 W. Gr.) Lat. U°35* 

Month Day Sunrise Sunset Daylight 
hr. Mn. hr. min. hr. fflin. 

( 1 6 26 17 41 11 15 
Jan. (11 6 29 17 46 11 17 

(21 6 30 17 53 11 23 

( 1 6 30 17 58 11 28 
Feb. (11 6 27 18 2 11 35 

(21 6 23 18 6 11 43 

( 1 6 17 18 7 11 50 
March (11 6 11 18 10 11 59 

(21 6 4 18 12 12 08 

( 1 5 56 18 12 12 14 
April (11 5 49 18 U 12 25 

(21 5 42 18 16 12 34 

( 1 5 37 18 17 12 40 
May (11 5 33 18 20 12 47 

(21 5 30 18 23 12 53 

( 1 5 29 18 26 12 57 
June (11 5 29 18 30 13 01 

(21 5 30 18 32 13 02 

( 1 5 32 18 34 13 02 
July (11 5 36 18 34 12 58 

(21 5 38 18 33 12 55 

( 1 5 41 18 31 12 50 
August (11 5 44 18 26 12 42 

(21 5 46 18 21 12 35 

( 1 5 48 18 14 12 26 
Sept, (11 5 49 18 4 12 15 

(21 5 49 17 56 12 07 

( 1 5 50 17 48 11 58 
Oct. (11 5 51 17 41 11 50 

(21 5 53 17 35 11 42 

( 1 5 57 17 31 11 34 
Nov, (u 6 1 17 29 11 28 

(21 6 5 17 27 11 22 

( 1 6 10 17 28 11 18 
Dec. (11 6 16 17 31 11 15 

(21 6 22 17 36 11 14 



Light quality 

Seasonal variation effects on the light qucdity were not measured 

or recorded. That such effects were present ?ias certain but other con­

trolling factors only indirectly due to seaaon mere of a magnitude suf­

ficient to obscure any or all true seasonal effects. This was especially 

true at the lov^er altitudes, 

Atniospheric conditions, closely related to season, were the uiain 

factor affecting light quality. Tl'ie clearing and burning operations 

during the period from eai'ly December to May so filled the atmosphere 

with smoke as to greatly alter li^^ht quality. Combined with this smoke 

•was the heavy load of dust, from fallow fields and highways, that con­

tinually hovered over the earth during the dry months. The contijiuous 

high relative huraJ-dity, rain and cloudy weather made alterations, of a 

different nature, on the light quality during the huaiid months. 

Altitudinal effects on light quality were, no doubt, the usual 

ones of decrease in absorption rate of solar radiation with increase in 

altitude. No attempt was made to measure this quality factor. 

Moisture relationships 

At no time during the growth period of any entry at any site did 

moisture relationships become a limiting factor in growth response. 

Precipitation during the growth period at all sites was abundant. 

The smallest aiuounts falling during the gi'owth periods of any entries 

were those recorded at Site 7* At that site the precipitation vai'iod 

from 460.74 mm. during the 118 day growth period of the earliest maturing 



PLATE 32 

Daily precipitation, from date of planting to laaturity of the 
latest maturing entry, at each of the four low altitude sites in Guate­
mala. 
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PLATE 33 

Daily precipitation, from the date of planting to maturity of the 
latest maturing entiy, at each of the three mid altitude sites in Guate­
mala. 
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entry 25-44 and 466.81 ram. during the 187 day growth period of the latest 

maturing entry i38a-46. Tables 6 and 7 show the total quantity recorded 

at each of the nine sites in Guatemala. The greatest quantity recorded 

for any single growth period wais that for the monsoon rainforest Site 3. 

At this site 1,480.83 mm. of precipitation was recorded during the 110 

day growth period of Entry i38a-46. Plates 30, 3I, and 32 illustrate 

the daily precipitation and its even distribution throughout the growth 

periods at all of the nine sites with the exception of Site 7. The 

growth period at this site extended into the beginning of the dry season. 

The recording of duration of precipitation was possible only at 

Sites 5, 6, 7» and 9» Duration for Site 8 was very similar to that of 

Site 9. Duration for the low altitude sites was, of course, greatest 

but it was impossible to secure time records at that altitude. Like-

Tjise, intensity of precipitation could be calculated only for those sites 

at which duration records were taken. In this case also the intensity 

of precipitation was greatest at low altitude. Tables 6 and 7 give such 

data for duration and intensity of precipitation as were possible to 

secure. 

Practically all precipitation was effective in increasing and/or 

maintaining soil moisture. Run-off at all sites except the high alti­

tude Sites 8 and 9 was negligible. At the two high altitude sites the 

slope was sufficient to cause run-off during the heavier periods of 

precipitation. 



Atmospheric vapor 

Relative humidity was recorded at all sites except Site 8, It is 

believed that the relative humidity for Site 8 would be somewhat higher 

than for the other high altitude site. Plate 34 shows this factor 

graphed ty ten-day means for the minimum recorded at each of the alti­

tudes. Tables 6 and 7 give the mean and extreme minimum for each of the 

sites where records were taken. Maximum was not recorded as this value 

usually reached or approached 100 per cent daily. Low values of rela­

tive humidity were obtained only at the beginning and end of the combined 

growth period before and sifter the rainy season. However, the mean rela­

tive humidity for all growth periods was high. 

Vapor pressures calculated for eight of the nine planting sites 

are shown in Tables 6 and ?• Mean, maximum, and minimum values for this 

factor varied but little from site to site at any one altitude. They 

were, of course, lower as altitude increased. The maximum at high alti­

tude was slightly higher than at mid altitude as was true with tempera­

ture. 

Vapor pressure deficits at all sites were generally low although a 

maximum deficit of 20.7A- mm. was reached in dry weather at Site 1. 'rhe 

higher vapor pressure deficits recorded were never sustained for any 

extended period, dropping rapidly vdth afternoon cooling and clouding. 

Dew point temperatures were also calculated for ei^t of the nine 

sites. A casual study of relative humidity, atmospheric temperatures, 

and dew pointtemperatures in Tables 6 and 7 shows that temperatures were 

near the dew point at all of the sites during the various growth periods. 



PLaTE 3A 

Minimum relative hunddity, based on ten day means, for each of 
three altitudes in Guatemala. 
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Relative humidity was sufficiently high, most of the time, to require a 

temperature drop of but a few degrees to reach dew point. 

Evaporation was recorded at aites 6, 7> and 9 only. The values 

at Site 8 for this factor were similar to Site 9- Evaporation at the 

low altitude sites was certainly less than at the others although it 

proved impossible to take data. As shown by the tables, evaporation was 

greatest at high altitude. 

Precipitation-evaporation ratios were incoaplete but varied with 

altitude. Very high values of 1.54 and 2.12 were recoi'ded for Sites 5 

and 6 respectively. At the high altitude Site 9 the ratio was 0.38. 

Edaphic Factors 

Soil moisture 

Soil moisture at time of planting was recorded at all sites. These 

values are shown below in Table 9. Site 6 showed the lowest values but 

was subjected to heavy and continuous rainfall immediately after planting. 

Table 9. Mean per cent of soil moisture at time of planting. 

Sample Sites 
depth -i-I 
in cm. 1 2 3 U 5 6 7 8 

15 37.39 26.19 42.00 48.29 25.37 19.00 25.60 29.31 26.31 
45 38.11 26.19 40.24 51.51 27.93 16.92 26.33 27.54 30.64 
75 38.05 25.70 32.62 47.89 20.27 18.72 20.48 27.98 35.29 

At no time during the growth period at any site was there evidence of a 



Table 10. Soil ansilyses for each of the nine planting sites in Guatemala. 

Site 

Sample 
depth 
cm. 

Mean 
pH 

Carbon, 
mean ̂  

Nitrogen, 
mean ̂  

c/n 
ratio 

Available 
phosphorus, 
mean % 

Available 
potassium, 
mean % 

Exchange 
capacity, 

m.l./lOO gr 

1 15 7.6 3.15 0.267 11.79 0.0160 0.400 21.98 
U5 7.7 2.89 0.257 11.24 0.0135 0.400 19.34 
75 7.7 2.50 0.201 12.43 0.0080 0.300 18.22 

2 15 7.0 1.95 0.169 11.54 0.0750 0.400 28.20 
45 7.1 0.93 0.086 11.39 0.0420 0.400 16.33 
75 7.0 0.73 0.058 12.58 0.0350 0.400 14.88 

3 15 7.1 5.42 0.446 12.15 0.0200 0.175 20.95 
45 6.9 3.92 0.342 11.46 0.0070 0.145 19.11 
15 7.1 2.65 0.192 I3.SO 0.0045 0.145 9.91 

4 15 7.0 7.21 0.652 11.05 0.0750 0.400 26.20 
45 7.3 4.94 0.615 8.03 0.0420 0.400 24.36 
75 7.4 4.80 0.417 11.51 0.0175 0.500 18.50 

5 15 6.6 1.75 0.176 9.94 0.0170 0.400 16.77 
45 7.0 1.43 0.135 10.59 0.0050 0.400 17.95 
75 7.0 0.69 0.045 13.11 0.0035 0.400 11.40 

6 15 6.8 1.24 0.094 13.19 0.0100 0.300 14.27 
45 7.1 0.98 0.0S3 11.80 0.0025 0.300 14.21 
75 7.3 0.91 0.066 13.78 0.0015 0.260 18.98 

7 15 6.5 1.91 0.151 12.64 0.0180 0.400 18.95 
45 7.0 1.20 0.099 12.12 0.0060 0.400 28.55 
75 7.0 0.66 0.046 14.34 0.0040 0.400 36.02 



Table 10. (Continued) 

Site 

Sample 
depth 
cm. 

Mean 
pH 

Carbon, 
mean ̂  

Nitrogen, 
mean % 

C/N 
ratio 

Available 
phosphorus, 
mean % 

Available 
potassiuia, 
mean % 

Exchange 
capacity, 

m.l./lOO gr-

8 15 7.3 1.16 0.101 11.48 0.0160 0.500 11.83 
45 7.3 0.99 0.126 7.86 0.0125 0.500 11.27 
75 7.3 0.90 0.104 8.65 0.0085 0.500 il.93 

9 15 6.2 1.38 0.130 10.61 0.0065 0.300 11,13 
45 6.4 1.22 0.150 8.13 0.0030 0.300 10.76 
75 6.6 1.05 0.097 10.82 0.0025 0.300 10.99 



PLATE 35 

Scale showing the maximum range of mean values deterniined from 
soil samples, from nine sites in Guatemala, analyzed for percentages of 
carbon (C), nitrogen (N), available phosphorous (P), available potaBsium 
(K), exchange capacity (K.C.)* and soil pH. Refer to Plate for re­
sults of analyses for individual sites. 
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PLATE 36 

Mean percentages of carbon, nitrogen, available phosphorous, avail­
able potassium, exchange capacity and soil pH, based on samples from each 
of the nine planting sites in Guatemala. Refer to Plate for scale. 

Sample depths; ^15 cm., ^5 cm., 75 cm. 
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PLATE 37 

Mechanical analyses of the soils from the nine planting sites in 
Guatemala. 
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soil xnoisture deficit. The soils were porous enough so that water was 

left on the surface for only short periods. 

Chemical conditions 

The soil samples taken from the nine planting sites in Ouatemala 

all yielded pH values at or approaching neutrality. Though available 

nutrients were present in limited quantity, as shown in Table 10, there 

was no indication of mineral deficiency in any of the site plantings. 

None of the sites had ever received either comHtercial fertilizers or 

stable manures of any kind nor were any applied during the growth periods 

at any site. There was no indication of difference in soi]. effects be­

tween the site plantings at any given altitude. Plates 35 and 36 and 

Table 10 illustrate quite clearly the comparative differences in cheia-

ical conditions of the soils at the nine sites. 

Mechanical conditions 

There were no marked differences in the mechanical conditions be­

tween the soils of the various sites. As shown in Plate 37 the soils 

varied from fine sandy loams to sandy clays. All soils were very fria­

ble, porous and remarkably free from adhesive qualities even during or 

immediately after rains. 

Soil temperature 

Tables 6 and 7 show the remarkable uniformity of soil temperatures 

in the growth periods at any one altitude. Also shovm is the very small 

margin of variation between maximum and minimum tempei'atures during the. 



PLATIS 38 

Mean daily soil temperature, from date of planting to maturity of 
the latest laatuidng entry, at each of the nina sites in Guatemala. 
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growth periods at the nine sites. The graphical illustration of soil 

temperatures in Plate 38 brings out the daily march of these temperatures 

during the gro-.Nth periods at eight of the nine sites. The fact that 

these soils were continuously moist, and ttie comparative stability of 

the atmospheric temperatures, were factors largely responsible for the 

uniformity of these soil temperatures. The higher temperatures recorded 

for Site 2 were believed to be due to its drier location and darker soil 

color. The downward trends shown in Plate 38 were due to continued cold 

rains. The sudden drop shown in Site 9 vnas due to a very heavy hail 

storm followed by cold rain. 
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ANALYSES OF GROWTH REfiSPONSliS 

The analyses of variance for the various growth responses were 

baned on the site means for those responses. These site jneans are tabu­

lated under their respective character or response headings. In the 

case of the number of days to anthesis the analysis was made on the 

actual numbers of days. This response was recorded on a per entry basis 

rather than on a per plant basis. 

Number of Days from Emergence to Anthesis 

The values of this response for the 25 entries of maize, as re­

corded in Guatemala, are tabulated in Table 11. This table presents the 

differences in response betv/een sites, altitudes, types, and entries. 

The mean values for entries and types at each and all altitudes is also 

shown. 

The variation in days to anthesis was very slight between sites 

at raid altitude, the greatest variation exhibited being eight days in 

the case of Entry 39A-46 at Sites 5 and 6, The Mountain l^pe proved the 

most variable at that altitude. The Giant Type proved most variable at 

low altitude where Entry 17A-46 exhibited a difference of fifteen days 

between the values recorded at Sites 1 and 2. In almost all entries 

greater site differences were shown at low than at mid altitude. The 

fact that there was an altitude difference of 213 meters, with corre­

sponding climatic differences, was considered largely responsible for 



Table U* Antheses of 25 entries of maize planted at nine sites at low, inter/nediata and 
high altitudes in Guateniala. 

Maize tested Mean nuniber of days from emergence to anthesis at different sites 

Nuiober Type Low altitude sites lild altitude sites High altitude sites All 
alt. 
mean 

Nuiober Type 

1 2 3 4 Mean 5 6 7 Mean 8 9 Mean 

All 
alt. 
mean 

153 X \hT9 S. cross 39 47 42 40 42.0 61 63 64 62.7 96 108 102.0 
205 X 289 u n 41 47 U 45 43.2 68 70 70 69.3 98 105 101.5 
205 X 234 n rt 46 49 44 41 45.0 68 68 70 68.3 99 121 110.0 
JOA X W9 a It 42 50 55 U 47.7 70 69 68 69.0 106 97 101.5 
1114 X lr<ls«22 ?i n 43 53 45 46 46.7 70 70 70 70.0 100 109 104.5 

Altitude means for U.S. single crosses 45.1 67.9 103.9 65.8 

30A - 46 Early 41 47 43 45 U.O 69 69 67 68.3 98 105 101.5 
32A. - 46 n 42 51 49 45 46.7 69 68 71 69.3 99 122 110.5 
25-44 a 39 45 40 42 41.5 61 61 64 62.0 94 103 98.5 

Altitude means for early type U.l 66.6 103.5 64.8 

lOlA - 46 Coast 46 43 55 56 50.0 87 86 87 86.6 117 133 125.0 
13 - M le 53 61 52 50 54.0 77 78 76 77.0 103 117 110.0 
42A - 46 II 4S 61 50 50 52.2 83 82 80 81.6 115 126 120.5 
12A - 46 n 52 62 60 61 58.7 86 88 86 86.6 114 137 125.5 
7A - 46 rt 50 58 54 52 53.5 78 78 78 78.0 117 130 123.5 
125A - 46 II 50 57 58 58 55.7 78 76 76 76.6 108 125 116.5 
9A - 46 It 55 63 60 58 57.2 82 84 83 83.0 115 132 123.5 
96A - 46 n 52 64 62 60 59.5 86 86 85 85.6 118 132 125.0 

Altitude means for coast type 55.3 81.9 121.2 78.8 

U - 46 Mountain 59 62 60 60 60.2 33 79 81 81.0 99 108 103.5 
39A - 46 n 64 67 65 66 65.5 90 82 83 85.0 103 112 107.5 
106A - 46 It 60 63 60 61 61.0 90 84 87 87.0 113 123 118.0 



Table 11. (Continued) 

Maize tested 

Nufliber •^TPe 

Mean auaiber of days from emergence to anthesis at different sites 

Low altitude sites Mid altitude sites High altitude sites 
—2 alt. 

1 2 3 4 Mean 5 6 7 Mean 8 9 Mean 

33A - 46 Mountain 52 56 55 60 55.7 91 91 91 91.0 115 127 121.0 

Altitude means for mountain type 61.0 86.0 112.5 

15A - 46 Giant 81 75 77 75 77.0 112 103 106 107.0 133 144 138.5 
17A - 46 tt 60 75 70 66 67.7 111 103 105 106.3 135 U7 141.0 
47A - 46 n 59 67 62 61 62.2 105 99 100 101.3 130 142 136.0 
138A - 46 n 77 71 70 70 72.0 130 128 129 129.0 160 176 168.0 
14A - 46 It 58 67 60 63 62.0 107 100 100 102.3 144 157 150.5 

Altitude means for giant type 68.2 109.2 146.8 

Altitude means for all types 55.5 83.4 119.3 

mean 

80.6 

99.3 

78.9 
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Table 12. Combined analyBis of vai'iance of the numbers of 
days from emergence to anthesis of 25 entries of 
maize for nine sites in Guatemala. 

Source of variation Degrees of freedom Mean squares 

Altitudes 2 69,321.00 

Entries 24 1,480.50 

Between types 4 8,000.25 

Within types 20 176.55 

Altitudes X Entries 48 125.19 

Altitudes x Between types a 433.50 

Altitudes x Within types 40 6.35 

Sites within altitudes 6 404.30 

Entries x Sites within altitudes U4 9.82 

Total 224 821.54 
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the variation in response of anthesis between the two high altitude 

sites. The Early Type Entry 25-4A "as the earliest in anthesis and 

maturity at all altitudes while the Giant Type Entry i38a-46 was latest. 

The combined analysis of variance for days to anthesis (Table 2.2) 

indicates that the chief sources of variation were attributable to alti-

tudinal and between type differences. The greater part of interaction 

was shown to be between types. The negligible altitude x within type 

interaction was considered attributable to minor differences between 

entries within types. There was a small but apparent variation between 

sites within altitudes which was considered attributable to differences 

in the anthesis responses at the low and high altitude sites. The mean 

square for entries x sites within altitudes was classed as experimental 

error. 

It was found that the period from emergence to anthesis could be 

predicted by the analysis of variance for linear regression of this 

response on node number (Table 16), 

Nu/ttbers of Nodes 

The number of nodes was found to be a very constant character in 

all of the entries grown in Guatemala. That this was true, regardless 

of altitude or site, is shown in Table I3 and Plate 39, A very slight 

decrease in the nuxtiber was exhibited by all except the Giant Type at mid 

altitude. This type showed a perceptible increase in node number in its 

natural environment at that altitude. The mean number of nodes recorded 



PLATE 39 

Mean and extreme ntimbors of nodes of five maize types grovin at 
lovi, mid, and high altitudes in Guatemala. 
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Table I3, Numbers of nodes of 25 entries of maize planted at nine sites at low, inter­
mediate and high altitudes in Guatemala. 

Maize tested Mean number of nodes at different sites 

Number Type altitude sites Mid altitude sites High alt. sites 
• • • alt. 

Mean 5 6 7 Mean 8 9 liean mean 

153 X SSF9 S • cross 13.3 12.4 U.6 14.5 13.7 12.9 13.5 U.3 13.6 U.7 U.7 U.7 
205 X 289 It n 13 »2 13.3 14.2 14.9 13.9 12.8 13.8 U.5 13.7 15.0 U.9 14.9 
205 X 234 n ts 13.9 12,4 U.5 U.7 13.8 13.4 13.4 14.6 13.8 U.2 U.3 U.5 
ia4 X \W9 n II 14.1 12.9 15.0 15.4 U.4 13.3 U.O U.6 U.O U.3 U.3 U.3 
MI4 X T«is,22 14.2 12.6 U.7 15.0 u.i 13.4 13.5 13.9 13.6 U.3 U.I U.2 

Altitude means for U.S. single crosses u.o 13.7 U.5 

3OA - /^6 Early 13.9 15.0 16.2 16.8 15.5 U.I U.I 15.6 U.6 U.6 U.4 U.5 
32A - 46 n 16.0 16.0 16.5 16.6 16.3 13.7 13.8 15.5 U.3 U.8 U.9 U.9 
25 - U If 13.8 14.0 U.5 15.0 U.3 12.0 13.2 13.4 12.9 13.1 13.2 13.6 

Altitude means for early type 15.4 13.9 U.2 

lOlA - 46 Coast 20.2 19.9 20.2 20.8 20.3 17.1 17.7 18.2 17.7 18.5 18.9 18.7 
13-44 n 17.6 17.7 18.3 18.4 18.0 15.9 16.3 16.2 16.1 18.5 17.6 18.0 
42A - 46 tt 19.1 19.7 19.5 19.9 19.5 17.3 17.9 17.8 17.7 18.5 18.5 18.5 
12A - 46 n 20.8 19.8 19.6 19.9 20.0 19.4 18.9 19.8 19.4 18.9 19.3 19.1 
7A - 46 n 19.3 17.9 18.6 18.9 18.6 17.1 18.2 18.2 17.8 19.4 18.6 19.0 
125A - 46 11 18.7 18.1 18.7 19.0 18.6 17.3 17.1 18.1 17.5 18.7 18.9 18.8 
9A - 46 H 19.5 19.5 19.8 20.6 19.8 18.8 18.7 18.9 18.8 19.5 19.8 19.7 
96A - 46 tf 18.8 19.1 19.7 20.1 19.4 18.2 18.1 18.8 18.4 20.5 20.5 20.5 

Altitude mans for coast type 19.3 17.9 19.0 

u - 46 Mountain 16.3 16.4 18.9 18.6 17.5 U.6 U.5 15.0 U.7 15.8 15.5 15.6 
39A - 46 IT 16.7 16.3 18.1 18.9 17.5 15.6 15.5 15.7 15.6 15.8 15.9 15.8 
IO6A - 46 n 17.2 17.2 18.8 19.1 18.1 16.5 16.5 16.8 16.6 16.9 17.2 17.1 
33A - 46 If 18.1 18.1 19.8 20.5 19.1 18.0 16.9 17.6 17.5 17.1 17.3 17.2 

U.02 

U.62 

18.78 



Table 13 • (Continued) 

Maize tested Mean number of nodes at different sites 

Ntunber Tjrpe Lon altitude sites Mid altitude sites High alt. sites All 
ait. 
mean 

Ntunber Tjrpe 

1 2 3 4  M e a n  5  6  7  M e a n  8 9 kean 

All 
ait. 
mean 

Altitude means for isountain types 18.1 16.1 16.4 

15A - 46 Giant 20.2 20.1 22.1 23.7 21.5 22.2 21.0 20.5 21.3 21.4 21.0 21.2 
17A - 46 " 21.8 21.5 23.2 24.2 22.7 22.5 22.4 22.0 22.4 22.0 21.9 22.0 
47A - 46 n 18.8 18.3 20.5 21.2 19.7 20.3 20.0 20.2 20.2 19.3 19.9 19.6 
I38A - 46 « 20.5 19.7 21.1 26.3 21.9 23.2 25.7 24.3 24.4 22.4 21.9 22.2 
14A - 46 « 22.0 21.1 21.8 23.5 22.1 22.9 21.1 21.1 21.7 20.0 19.7 19.9 

Altitude raeans for giant type 21.6 22.0 20.9 

Altitude means for all types 18.0 17.1 17.5 

17.04 
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Table I/).* Individual amialyais of variance of the nunbers 
of nodes of 25 entries of maize for each of the 
nine sites in Guatemala; 

Ejqaeriment 

Entries 

d*f• M*S* 

Error 

d.f. M*S. F* 
C.Vi 

Low altitude 

1 24 24.02 48 .2342 102.56 2.62 
2 24 25.61 48 .1250 204.90 2.03 
3 24 21.14 48 .0308 302.00 1.46 
U 24 31.59 48 .1646 197.44 2.12 

Mid altitude 

5 24 35.20 48 .4388 80.00 3.81 
6 24 32.02 48 .2925 110.41 3.18 
7 24 23.99 48 .1079 218.09 1.88 

High altitude 

8 24 21.95 48 .0448 489.95 1.21 
9 24 22.20 48 .1825 123.33 2.44 

* For all values of F, P<0.01. 
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Table 15. Combined analysis of variance of the numbers of 
nodes of 2$ entries of maize for nine sites in 
Guatesiala. 

Source of variation Degrees of freedom Mean squares 

Altitudes 2 52.56 

Entries 24 220.10 

Between types 4 1^231.23 

Within types 20 17.87 

Altitudes X IDntries 48 5.09 

Altitudes x Between types 8 16.90 

Altitudes X Within types 40 2.72 

Sites within altitudes 6 29.37 

Entries x Sites within altitudes U4 1.06 

Total 224 26.61 
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for any one Guatemalan type remained distinct from the numbers recorded 

for other types. There was, however, a similarity in the values of the 

Early Type and in those for the single-crosses grown from Iowa seed. 

The constancy of this character was borne out by the individual 

analysis of variance. Table 14 shows the extremely low values of error 

mean square, the large F values and the very small coefficients of vari­

ation for each of the nine sites. Greatest variation in numbers of 

nodes occurred at Site 5 while Site 8 showed the least. 

The combined analysis of variance showed that the greatest source 

of variation was that produced by the between type difference of the 

entries. The variations among entries within types were very slight. 

Altitudinal variation vias considered attributable to the unexplained de­

pression in values at mid altitude. The variation of this factor within 

entries at the sites vdthin an altitude was almost negligible, as shown 

by the error mean square 1,06 (Table 15)• 

Arithmetical values were calculated for predicting time of anthesis 

in the field in Guatemala, For this purpose the mean value for days to 

anthesis of all entries was divided by the mean number of nodes for all 

entries. These quotients for the first plantings at low altitude Site 1 

and mid SLltitude Site 5 were used to predict the time of anthesis for 

other plantings at the same altitudes. Thus the value 2,98 (rounded to 

3) was used at low altitude and 4.99 (rounded to 5) used at mid 

altitude. As an example, the mean node number of 17,1 recorded for entry 

lOlA-46 at Site 5 was multiplied the value of 5 to predict its ex­

pected day of anthesis at Site 6, The resultant value of 85.5 proved 

to be only 0,5 days in error of the actual time of 86 days recorded for 
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Table l6. Analysis of variance for linear regression of 
time of anthesis on node nuiuber, based on alti­
tude means, for 25 entries of m^ze grown in 
Guatemala, together with the appropriate pre­
diction equation. 

Variation due to d.f. M.S. FHt Prediction eciUation 

Regression 1 
Dev. from Reg. 23 

Regression 1 
Dev. from Reg, 23 

Regression 1 
Dev. from Reg. 23 

Low altitude 

1,489.84 49.5 
30.24 

Mid altitude 

5,439.21 166.7 
32.62 

High altitude 

5,660.83 87.0 
65.04 

y = 5.17 f 2.78X 

Y 2: 1.64 f 4.77X 

i r 18.66 + 5.74^^ 
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Site 6. Predictions at low altitude did not prove as accurate but were 

sufficiently so to be useful. That these simple values were not greatly 

in error was proven when the analysis for linear regression of time of 

anthesis on node nuraber was completed on tiie data collected in Quatemala. 

This analysis is presented in Table 16. 

yjith the use of the prediction equation it is possible to predict 

the date of anthesis of ahy sample collected, ttius at the mid altitude 

of 1,500 meters any collector could predict the time of anthesis of a 

single or multiple plant sample, or the progeny thereof. Multiply the 

node number of the single sample or mean node number of the multiple 

sample by ^.77 and add I.64 to the sum. The value derived should closely 

approximate the date of anthesis of the sample if planted at that alti­

tude, By interpolation or derivation similar prediction equations could 

bo derived for any altitude desired. Jiquations of this kind should be 

of use to the breeder in planning his plantings for cross pollinations. 

It will be noticed that the deviation from regression was quite 

similar at low and at raid altitudes. The greater deviation at high alti­

tude is probably attributable to the differences in days to anthesis be­

tween Sites 8 and 9. These sites were located at 2,286 and 2,449 meters 

respectively with a resultant climatic difference. There was consider­

able difference between the two sites as to time of anthesis (Table 11) 

although other responses were quite similar, 

Hei^t 

Height was one of the most indicative of the characters studied for 



PLATE J!^0 

Means and exbreiaos of plant height of five maize types, grown at 
low, mid, and high altitudes in Guatemala, compared with the altitude 
mean for all types (A, above) and with the mean for all oites for each 
type (B, below). 
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growth response to climate. It was the character which most readily dis­

tinguished the type. As may be seen in Table 17 the height of the indi­

vidual entries as well as the type groups of entries varied considerably 

from one altitude-climate to another, Plate 40 illustrates the interest­

ing shifts in this character from one altitude to another. All of the 

types reached their greatest mean heists at lovj altitude. This was not 

always true of individual variants within the Giant and Mountain '^ypes. 

In the Giant and Mountain this response often reached maximum at 

the expense of reproductive tissues. The U.S. single-crosses never 

reached the maximum, or mean, height which they attain in Iowa. However 

they never lost their morphological identity. 

The individual analysis of variance (Table 1?) for height at the 

nine sites showed by the low coefficients of variation that tliis growth 

response was quite uniform at any given site. Site 1 exhibited the 

greatest variation. The error mean squares were quite variable. Lodging 

among the Mountain and Giant Types at low altitude was partly responsible 

for this variability. These types responded abnormally at low altitude 

vdth very poor root development; root growth being insufficient to sup­

port top growth. 

The combined analysis of varifiince brought out the fact that the 

principal sources of variation were attributable to altitude and between 

types differences among entries. There was also a quite noticeable in­

teraction among altitudes x entries most of which proved to be due to 

within type differences. The error mean square was negligible consider­

ing the magnitude of the character values (Table 19). 
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Table 17 .  Heights of 25 entries of juaize planted at nine sites at 
low, intermediate and high altitudes in Guatemala. 

Iiiaiae tested 

Number Type 

Mean height in centime^rs at d iffei 

Low altitude sites Mid altitude si tea 

l&ean Ue« 

153 X VJF9 S. cross 224.9 202.1 214.4 212.0 213.3 155.4 142.6 147.2 
205 X 289 ti II 249.4 235.9 234.1 233.1 238.1 162.5 166.1 167.3 
205 X 234 n It 226.8 208.9 219.5 222.8 219.5 167.9 152.5 156.4 
MI4 X v'^F9 II It 228.1 213.7 221.2 211.1 218.5 170.5 152.0 149.9 
MI4 X Wis.22 II II 214.3 201.8 207.1 198.9 205.5 146.4 138.7 142.5 

Altitude means for U.S. single crocsos 219.0 

3OA - 46 Early 263.5 279.3 259.7 258.7 265.3 182.8 181.0 169.7 
32A - 46 II 283.1 298.0 260.0 257.6 274.7 165.2 171.5 173.9 
25-44 It 249.2 255.2 241.1 240.1 246.4 149.0 151.9 157.4 

Altitude means for early tyiJe 262.1 

lOU - 46 Coast 324.4 376.8 373.2 '342.6 354.2 23JJ.6 240.6 240.9 

13 - 44 II 316.4 333.8 323.2 322.0 323.8 197.1 202.9 195.8 
42A - 46 II 370.2 357.3 368.0 361.5 364.2 254.1 241.5 244.5 
12A - 46 II 375.7 395.7 387.8 385.9 386.3 275.3 264.7 269.4 
7A - 46 11 333.9 289.5 298.5 295.4 304.3 211.6 210.3 224.2 
125A - 46 ti 339.1 338.4 327.4 327.5 333.1 190.8 216.9 196.1 
9A - 46 H 351.7 361.5 357.1 356.9 356.8 247.9 239.1 241.1 
96A - 46 It 331.3 351.5 351.5 348.6 345.7 246.3 239.8 247.6 

Altitude means for coast type 346.1 

lA - 46 Mountain 294.0 291.0 308.3 300.6 234.7 225.7 237.2 
39A - 46 It 246.0 249.6 240.0 246.8 254.3 249.1 244.0 
106A - 46 It 320.5 322.5 351.0 331.1 • 281.0 262.3 281.7 

33A - 46 It 283.6 285.7 290.9 270.0 283.3 273.7 273o9 281.7 

Altitude means for mountain type 290.1 

15A - 46 Giant 280.8 288.5 286.4 395.1 313.6 338.9 325.8 337.6 
17A - 46 II 367.1 356.8 393.8 447.0 395.4 377.9 361.1 377.3 
47A - 46 It 300.9 310.7 304.4 377.0 3U.7 288.1 305.9 296.9 
I38A - 46 It 307.0 303.0 320.5 487.8 359.8 374.3 370.1 
I4A - 46 It 420.0 366.5 407.0 384.6 385.8 355.2 328.6 344.9 

Altitude means for giant type 348.6 

Altitude means for all types 298.0 

14S 
161 
15£ 
l^i 
U< 

2321 
249 
275 
2761 

25^ 

372 
296 
372) 
342 j 

341] 

233 
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ol* 25 entries of maize planted at nine sites at 
ermediato and high altitudes in Guatemala. 

Mean height in centime^rs at d iff erent sites 

Low altitude sites Mid altitude si tes 

2 3 4 

202,1 214.4 212.0 
235.9 234.1 233.1 
208,9 219.5 222.8 

213.7 221.2 211.1 
201.8 207.1 198.9 

Mean Uean 

High altitude sites 

8 

All 
alt. 

ILean mean 

roesea 

279.3 
298,0 
255.2 

376.8 
333.8 
357.3 
395.7 
269.5 
338.4 
361.5 
351.5 

291.0 
249.6 
322.5 
285.7 

288.5 
356.8 
310.7 
303.0 
366.5 

259.7 258.7 
260.0 257.6 
241.1 240.1 

373.2 
323.2 
368.0 
387.8 
298.5 
327.4 
357.1 
351.5 

308.3 
240.0 

290.9 

286.4 
393.s 
304.4 
320.5 
407.0 

•342.6 
322.0 
361.5 
385.9 
295.4 
327.5 
356.9 
348.6 

351.0 
270.0 

395.1 
447.0 
377.0 
487.8 
384.6 

213.3 
238.1 
219.5 
218.5 
205.5 

219.0 

265.3 
274.7 
246.4 

262.1 

354.2 
323.8 
364.2 
386.3 
304.3 
333.1 
356,8 
345.7 

346,1 

300.6 
246.8 
331.1 
283.3 

290.1 

313.6 
395.4 
314.7 
359.8 

348.6 

155.4 
162.5 
167.9 
170.5 
M6.4 

U2.6 
166.1 
152.5 
152.0 
138.7 

147.2 
167.3 
156.4 
149.9 
142.5 

182.8 181.0 169.7 
165.2 171.5 173.9 
U9.0 151,9 157.4 

233.6 
197.1 
254.1 
275.3 
211,6 
190.8 
247.9 
246.3 

240.6 
202.9 
241.5 
264.7 
210.3 
216.9 
239.1 
239.8 

240.9 
195.8 
244.5 
269.4 
224.2 
196.1 
241.1 

247.6 

234.7 225. 
254.3 249. 
281.0 262, 

273.7 273^ 

.7 237.2 
,1 244.0 
,3 281.7 
,9 281.7 

338.9 
377.9 
288.1 
374.3 
355.2 

325.8 
361.1 
305.9 
370.1 
328,6 

337.6 
377.3 
296.9 

344.9 

148.4 
165.3 
158.9 
157.4 
142.5 

154.5 

177.8 
170.2 
153.1 

167.0 

240.0 
198.6 
246.7 
269.8 
215.4 
201.3 
242.7 
244.6 

232.4 

232.5 
249.1 
275.0 
276.4 

258.3 

334.1 
372.1 
296.9 
372.2 
342.9 

341.6 

158.5 
174.7 
130.8 
146.9 
125.6 

138.5 
125.4 
119.8 

155.9 
151.9 
189.8 
176.1 
192.7 
156.1 
U3.2 
155.0 

234.6 
251.6 
258.1 
234.9 

282.2 
268.7 
248.0 
287.1 
227.6 

165.7 
183.1 
126.5 
151.1 
124.7 

136.0 
115.0 
118.1 

157.4 
151.5 
189.8 
186.5 
199.7 
144.8 
148.1 
154.7 

236.4 
241.8 
246.1 
228.3 

290.6 
271.1 
240.1 
289.3 
227.4 

162.1 
178.9 
128.6 
149.0 
125.1 

148.8 181.9 

137.3 
120.2 
118.9 

125.5 200.6 

156.8 
151.7 
189.8 
181.3 
196.2 
150.5 
145.7 
154.8 

165.9 268.1 

235.5 
246.7 
252.1 
231.9 

241.6 256.0 

286.4 
269.9 
244.0 
288.2 
227.5 

263.2 320.4 

298.0 233.5 189.1 247.0 
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Table 13. Individual analysis of variance of the heights 
of 25 entries! of maize for each of the nine 
sites in Ouateniala. 

Riqperiment d.f. 

Entries Error 

M.S. d.f. U.S. 
c.v. 

Low altitude 

1 18 8,861.44 36 817.26 10.84 9.52 
2 17 12,857.32 34 157.75 81.50 4.21 
3 16 11,907.67 32 35.16 338.67 2.04 
4 19 16,762.45 38 187.57 89.37 4.43 

Mid altitude 

5 24 15,038.92 4S 146.62 102.57 4.75 
6 24 14,109.11 48 71.98 196,01 3.66 
7 23 13,464.23 46 51.47 261.59 3.13 

High altitude 

8 24 8,975.50 48 23.45 382.75 3.95 
9 24 8,800.54 48 56.46 155.87 3.97 

* For all values of F, P<0.01. 

^ Uiasing values due to death or lodging. 
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Table 19. Combined analysis of variance of the heights 
of 25 entries of maize for nine sites in 
Guatemala. 

Source of variation Degrees of freedom Mean squares 

Altitudes 2 719,176,50 

Entries 24 83,259.21 

Between types 4 450,211.50 

Within types 20 9,868.75 

Altitudes x Entries AS 10,476.56 

Altitudes x Between types 8 5,899.87 

Altitudes x Within types 40 11,391.90 

Sites within altitudes 6 1,881.83 

Entries x Sites within altitudes 140^ 1,078.64 

Total 220 18,64^^.32 

^ Reduced by 4 for missing values. 
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Mean Daily Increase in Height 

It was not possible to secure individual growth curves for the 

plants on which measurements were taken. Therefore the next best alter­

native was adopted. The mean daily growth rate, a function of time of 

anthesis and height, was calculated for each plant. The mean values of 

these calculations are tabulated in Table 20. Plate 41 presents the 

mean and extremes of the calculated values. 

Rates of growth for all entries were greatest at low altitude and 

were inversely proportional to altitude. At any given altitude the 

entries which made the greatest mean daily increase in height were those 

belonging to the type adapted to that altitude. 

The abnormal growth responses resulted in very large coefficients 

of variation and error mean scjuares for the four low altitude sites 

(Table 21). Variation was almost entirely attributable to altitude. 

Leaf Area 

The magnitude of the leaf area of each entry proved to be quite 

characteristic of the type to which that entry belonged. This is clearly 

presented in Table 23. Plate 42 shows that for all types except the 

Giant this response was greatest at low altitude and decreased as alti­

tude increased. The Giant Type produced the largest leaves in its 

natural environment, i.e. raid altitude. 



PUTii 41 

Means and extremee of daily growth rate of five maize types, 
grown at low, jnid, and high altitudes in Guatemala, compared with the 
altitude mean for all types (A, above) and with the mean of all sites 
for each type (B, below). 



-142-

«3 -

8 

T -

V) 
V. e 
V 

•i. 

r 
5: 

J 3 

2 

/ 

O 

SC £ M c c; 

—\ M jx. 

TYPE: SYMBOLS 
SC = i/.s. S/'rjff/ff cr-asses 
 ̂

AY a 

C ^coosf-
Cr <̂i/err)-& 

A/tifu<Je Mean 

Mean 

SC B. M c C 

B- SC £ M C q 

.g-g.-B-e-] 

AlfH-ud» 1 \̂ H/cl A/̂ /tode —| Ĵ-Z/gh At̂ /Hide. — 
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Table 20. Mean daily increases in heights of 25 entries of maize planted at nine 
sites at low, intermediate and high altitudes in Guateiaala. 

Maize tested Mean daily increase in height in centimeters at different sites 

Number I^^e sites Mid altitude sites High alt. sites 

12 3 4 iiean 5 6 7 Mean 8 9 Mean mean 

153 X WF9 
205 X 289 
205 X 234 
1114 X SF9 
M14 X Sis.22 

S. 
li 

cross 
n 

5.84 
6.0S 

4.93 
5.44 
4.98 

4.29 
5.05 
4.26 
4.27 
3.79 

Altitude means for U.S. single crosses 

30A - 46 
32A - 46 
25 - U 

Early 
.1 

6,42 
6.74 
6.38 

5.93 
5.84 
5.62 

13-44 
42A - 46 
12A - 46 
7A - 46 
125A - 46 
9A - 46 
96A - 46 

5.97 
7.71 
7.17 
6.6s 
6.78 
6.38 
5.99 

Altitude means for coast type 

lA - 46 
39A - 46 
106A - 46 
33A - 46 

MountaSji 
H 

4.98 
3.S3 
5.42 
5.66 

4.68 
3.73 
5.11 
5.09 

6.04 
5.30 
6.03 

Altitude means for early type 

lOlA - 46 Coast 7.05 5.71 
5.47 
5.85 
6.38 
4.98 
5.93 
5.73 
5.48 

5.30 
5.17 
5.43 
4.80 
4.32 

Altitixde means for mountain type 

3.28 

3.71 

4.00 

5.03 3.00 2.93 



Table 20. (Continued) 

Maize tested Mean daily increase in hei^t in centiiiieters at different sites 

Nuaber Type altitude sites i^id altitude sites High alt, sites 

1 2 3 4 Mean 5 6 7 JjiiGSLR 8 9 Mean mean 

15A - 46 Giant 3.46 3.84 3.72 5.26 4.05 3.02 3.16 3.18 3.12 2.12 2.01 2.07 
17A - 46 ti 6.04 4.76 5.62 6.7s 5.87 3.40 3.50 3.59 3.49 1.99 1.34 1.92 
47A - 46 II 6.00 4.57 4.92 6.17 5.06 2.74 3.09 2.97 2.93 1.90 1.69 1.79 
138A - 46 H 3.84 4.26 4.57 7.11 4.96 2.89 2.89 2,39 1.78 1.64 1.71 
14A - 46 n 7.24 5.46 5.81 6.10 6.08 3.26 3.29 3.45 3.33 1.62 1.44 1.53 

Altitude means for giant type 5.17 3.17 1.80 3.62 

Altitude means for all types 5.66 2.73 1.58 3.62 
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Table 21. Individual analysis of variance of the mean daily 
grovjth ratos of 25 entries^ of maize for each of 
the nine sites in Guatemala. 

Experiment d.f. 

Entries 

M.S. 

Error 

d.f. M.S. F* 
c.v. 

% 

Low altitude 

1 Id 278.78 36 7.4300 38.73 44.97 
2 16 170.54 32 6.8900 24.75 50.02 
3 16 153.82 32 2.4159 63.67 27.32 
4 18 131.08 36 5.5978 41.03 

Mid altitude 

5 24 .3134 48 .0205 15.29 4.65 
6 24 .4106 48 .0144 28.51 4.35 
7 23 .5137 46 .0054 95.13 2.64 

High altitude 

8 24 .4027 48 .000769 523.66 1.67 
9 2k .3862 48 .002354 160.92 3.26 

For all values of F, P'sO.Ol. 

^ MissiJig values duo to death or lodging. 
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Table 22. Combined analysis of variance of the mean daily 
increases in heights of 25 entries of maize for 
nine sites in Guatemala. 

Source of variation Degrees of freedom Mean squares 

Altitudes 2 954.5960 

Entries 24 3.8049 

Between types 4 11.5240 

Within types 20 2.2601 

Altitudes x iSntries 48 2.6738 

Altitudes x Between types 3 11.1111 

Altitudes x Within types uo 0.9863 

Sites within altitudes 6 4.96U 

Entries x Sites within altitudes 140^ .4009 

Total 220 9.7945 

^ Reduced by 4 for miBoing values. 



PLATE 42 

Mean and extreme leaf areas of five maisje types grown at low, mid, 
and high altitudes in Guatemala. 
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Tablo 23. Leaf areas of 25 entries of maize planted at nine sites at 
lovi^ intermediate and high altitudes in Guatemala. 

Uaize tested Mean leaf area in square centimetersat 

Number Type 
Low altitude sites ^'dd altitude aiteq 

Number Type 
1 2 3 4 Mean 5 6 7 j 

153 X W9 S. cross 628.1 575.1 599.7 599.3 600.5 428.3 406.8 537.J 
205 X 289 II 11 667.0 664.6 611.1 627.0 642.4 356.2 480.4 527.3 
205 X 234 11 II 605.3 591.8 595.5 514.0 576.6 385.9 388.3 459.4 
MH X W9 II II 668.3 643.8 645.9 634.7 648.2 433.6 551.1 481.0| 
m.U X Wis. 22 II It 578.0 539.7 560.1 526.3 551.0 359.5 438.7 410. a 

Altitude means for U.S. single crosses 603.8 

3OA - 46 Early 627.5 688.6 665.8 664.1 661.5 380.8 470.7 557.9 
32A - 46 641.3 669.6 649.6 626.7 646.8 379.7 474.3 493.0 
25 - U II 611.5 627.7 617.7 537.4 598.6 337.4 384.2 462.3 

Altitude means for early type 635.6 

lOlA - 46 Coast 837.2 890.1 834.9 811.1 843.3 658.1 710.4 775.8 
13 - 44 11 701.2 785.1 730.7 701.6 729.6 , 436.3 563.9 540.3 
4'2A — 46 II 760.7 817.0 795.0 776.7 787.3 560.8 665.4 7U.3! 
12A - 46 II 794.1 889.3 859.5 899.6 860.6 599.5 868.2 ei6.8 
7A - 46' 11 661.5 774.9 705.2 720.7 715.6 472.7 688.4 639.1 
125A - 46 II 753.1 859.3 797.4 846,8 8I4.2 481.6 694.5 676.1 
9A - 46 M 876.3 960.0 890.0 934.4 915.2 561.4 737.9 795.5 
96A - 46 II 787.7 920.2 871.0 806.1 846.2 530.2 590.2 783.4 

Altitude means for coast type 814.0 

lA - 46 fountain 734.5 723.6 628.9 601.9 672.2 475.3 584.5 636.9 
39A - 46 II 728.5 742.7 682.5 614.5 692.0 556.0 580.5 615.3 
106A - 46 II 816.5 8U.3 643.5 630.7 726.2 617.5 742.5 639.0 
33A - 46 It 724.7 733.9 647.5 ,621.9 682.0 625.5 720.9 738.7 

Altlttide means for mountain type 693.1 

15A - 46 Giant 832.5 848.6 883.6 773.3 834.5 876.5 919.5 9U.3 
17A - 46 II 838.3 940.7 890.1 822.7 872.9 980.6 915.4 928.7 
47A - 46 II 742.6 9U.2 879.1 815.0 837.7 750.1 988.6 969.1 
I38A - 46 II 796.8 887.4 846.6 830.0 840.2 1,118.8 1,000.3 979.3 
14A - 46 II 845.1 935.3 943.1 937.2 915.2 924.3 898.6 911.7 

Altitude means for giant type 860.0 

Altitude means for all types 740.4 





ries of maize planted at nine sites at 
high altitudes in Guatemala. 

Mean leaf area in square centiiaetersat different sites 

titude sites ^d altitude aites High alt. sites 

3 4 Mean 5 6 7 Mean 8 9 Mean 

599.7 599.3 600.5 428.3 406.8 537.3 457.4 466.6 457.4 462.0 
611.1 627.0 642.4 356.2 480.4 527.2 454.6 424.4 482.9 453.7 
595.5 514.0 576.6 385.9 388.3 459.2 411.1 277.6 278.1 277.9 
645.9 634.7 648.2 433.6 551.1 481.0 488.6 365.7 396.1 380.9 
560.1 526.3 551.0 359.5 438.7 410.6 402.9 339.3 351.7 345.5 

603.8 U2.9 384.0 

665.8 664.1 661.5 38O.8 470.7 557.9 469.8 310.8 304.2 307.5 
649.6 626.7 646.8 379.7 474.3 493.0 449.0 301.1 276.3 288.7 
617.7 537.4 598.6 337.4 384.2 462,3 394.6 255.4 195.6 225.5 

635.6 437.8 273.9 

834.9 811.1 843.3 658.1 710.4 775.8 714.7 487.4 487.3 487.0 
730.7 701.6 729.6 436.3 563.9 540.3 513.5 370.5 452.2 411.4 
795.0 776.7 787.3 560.8 665.4 744.3 656.8 573.5 539.8 556.7 
859.5 899.6 860.6 599.5 868.2 816.8 761.5 557.3 543.7 550.5 
705.2 720.7 715.6 472.7 688.4 639.1 600.1 581.2 563.3 572.2 
797.4 846.8 8I4.2 481.6 694.5 676.1 617.4 363.1 404.1 383.6 
890.0 934.4 915.2 561.4 737.9 795.5 698.3 480.8 U5.1 462.9 
871.0 806.1 846.2 530.2 590.2 783.4 634.7 463.9 466.9 465.4 

814.0 649.6 486.2 

628.9 601.9 672.2 475.3 584.5 636.9 565.5 489.4 504.8 497.1 
682.5 614.5 692.0 556.0 580.5 615.3 583.9 557.3 597.5 577.4 
643.5 630.7 726.2 617.5 742.5 639.0 666.3 593.8 602.7 598.3 
647.5 621.9 682.0 625.5 720.9 738.7 695.0 577.2 574.7 576.0 

693.1 627.7 562.2 

883.6 773.3 834.5 876.5 919.5 9U.3 903.4 749.0 759.8 754.4 
890.1 822.7 872.9 980.6 915.4 928.7 942.5 734.7 769.1 751.9 
879.1 8I5.O 837.7 750.1 988.6 969.1 902.6 758.8 789.9 774.4 
846.6 830.0 840.2 1,118.8 1,000.3 979.3 1,032.8 780.9 794.0 792.1 
943.1 937.2 915.2 924.3 898.6 911.7 911.5 714.1 665.9 690.0 

860.0 938.6 752.5 

All 
alt. 
Mean 

501.8 

489.3 

686.4 

642.2 

862.4 

740.4 637.1 505.7 653.9 
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The individual analysis of variance (Table 24) brought out the fact 

thatj, although leaf area was quite variable from site to site, none of 

the coefficients of variation were larger than might have been expected 

for such a character, 

Thex'e is room for criticism of the method used to measure leaf area. 

Leaf shapes were quite variable, the average leaf shape varied from type 

to type and the shape varied slightly with climate. However, the error 

mean square derived in the combined analysis of variance (Table 25) was 

remarkably small. It is clear that e;:q)eriin0ntal error in the measure­

ment of this response was not great. The principal sources of variation 

were shown to be attributable to altitude and between type differences. 

Sites within altitudes also contributed somewhat to the general sources 

of variation. All in all the area of the median leaf as an indicator 

of growth response proved much more reliable than was anticipated. 

Basal Area 

Basal area exhibited considerable variability. The measurement of 

larger samples would have been preferable in the case of this character. 

However, the samples drawn indicate that the range of basal areas for 

any entry are indicative of the type of which that entry was a variant. 

This is especially true at low and high altitudes (Table 26;, At raid alti­

tude there was less variation from type to type, Plate 43 presents the com­

parative magnitude of the mean and extreme values for each of the types 
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Table 2/+. Individual analysis of variance of the leaf areas 
of 25 entries of maize for each of the nine sites 
in Quatemala. 

Sbqieriment 

Entries Error 

P»t 
G.V. 

Sbqieriment d.f. M.S. d.f. U.S. P»t 
G.V. 

Low altitude 

1 24 24,259.23 48 1,749.84 13.86 5.68 
2 24 47,487.44 48 2,238.26 21.22 6.09 
3 24 41,638.04 48 581.61 71.59 3.25 
4 24 49,117.17 48 2,201.47 22.31 6.20 

Mid altitude 

5 24 131,063.92 48 3,215.21 40.76 9.86 
6 24 111,047.85 48 2,554.64 43.47 7.45 
7 24 92,691.62 48 1,865.02 49.70 6.33 

High altitude 

8 24 78,497.20 48 398.38 197.04 4.00 
9 24 79,897.73 48 997.01 80.14 6.00 

* For all values of F, P<0.01, 
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Table 25• Combined analysis of variance of the leaf area-s 
of 25 entries of maize for nine sites in Guate­
mala. 

Source of variation Degrees of freedom Mean squares 

Altitudes 2 2,801,934 

Entries 24 6,195*694 

Between types 4 2,876,706 

Vdthin types 20 48,142 

Altitudes x Entries 50,059 

Altitudes x Betv/een types 8 159,510 

Altitudes x Within types 40 28,169 

Sites within altitudes 6 153,163 

Entries x Sites within altitudes 144 "•"f? 6,000 

Total 224 99,372 



PLATE iV3 

Mean and extreme basal areas of five maize types grovm at low, 
mid, and liigh altitudes in Guataniala. 
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Table 26. Basal area of 25 entries of maize planted at nine sites at lo^j, inter­
mediate and high altitudes in Guatemala, 

Maize tested Mean basal area in square centiaeters at different sites 

„ - Low altitude sites Mid altitude sites High alt, sites 
Kumber Type 2 alt. 

Mean 5 6 7 Mean 8 9 Mean mean 

153 X BF9 S. 
205 X 289 " 
205 X 234 " 
M14 X 1F9 " 
M14 X Wis,22 

Altitude means for U.3, single crosses 3.95 3.06 2.88 3-41 

30A - 46 Early 4.42 3.82 3.95 3-70 3.97 4.39 2.66 3.51 3.52 2.51 2.72 2.62 
32A - 46 " 4.91 3.95 5.03 3-79 4.42 3.8I 2.18 3.19 3.06 2.09 2.15 2.12 
25-44 " 3.94 3.99 2.99 2.88 3.45 3.11 1.80 2.30 2.40 1.62 1.58 1.60 

Altitude means for early type 3.95 2.99 2.11 3.22 

lOlA - 46 Coast 

13-44 
42A - 46 » 
12A - 46 " 
7A - 46 " 
I25A - 46 " 
9A - 46 « 
96A - 46 " 

Altitude means for coast type 6.53 4.70 3.52 5.25 

lA - 46 Mountain 6.83 9.18 5.53 5.39 6.73 3.88 3.58 4.II 3.86 3.79 3.81 3.80 
39A - 46 " 7.16 7.21 6.26 6.21 6,71 3.72 3.50 3.58 3.60 3.83 3.73 3.78 
106A - 46 « 6.35 6.33 6.54 5.64 6.21 4.15 4.29 4.51 4.32 4.53 5.04 4.78 
33A. - 46 « 7.44 7.54 6.26 5.79 6,76 4.07 4.98 5.80 4.95 4.73 4.63 4.68 



Table 26. (Continued) 

Maize tested Mean basal area in square centimeters at different sites 

Number T^e altitude sites Mid altitude sites High alt. sites 

1 2 3 4  M e a n  5  6  7  M e a n  8 9 Mean mean 

Altitude means for mountain tjpe 6.60 4.18 4.26 5.28 

15A - 46 Giant 10.57 7.64 8.18 6.99 8.35 6.36 7.48 8.90 7.35 8.05 7.43 7.76 
17A - 46 n 9.16 7.83 8.44 8.05 8.37 8.43 7.10 7.89 7.81 7.27 6.25 6.76 
47A - 46 n 9.66 8.88 8.86 7.13 8.63 6.37 8.11 8.46 7.65 7.06 7.48 7»27 
I38A - 46 ti 10.27 9.19 8.61 S.40 9.12 7.35 11.36 10.63 9.56 8.70 8.56 8.63 
I4A - 46 tt 10.16 7.84 8.82 8.10 8.73 6.58 5.95 8.55 7.02 7.36 5.73 6.55 

Altitude means for giant type 8.64 7.88 7.39 7.96 

Altitude means for all types 6,14 4.72 4.12 5.19 
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at each of the altitudes. These life-size areas are presented in circular 

form rather than in elliptical because of ease of calculation. There was 

room for error in either calculation because neither takes into account 

the channel of the culm. However, the measurements presented are means 

of individual measurejnants jaeticulously made and calculated. They are 

therefor considered quite satisfactory and indicative of type and entry 

variation. Plate 43 illustrates that the Giant Type was the least 

affected by altitude-climate differences. The iiarljr Type was the most 

variable in its responses to that control. 

The individual analysis of variance yielded coefficients of vari­

ation that were quite variable from site to site. Table 27 shows that 

at Site 8 the variability of basal area was at its minimum for sites. 

As was true with the other characters measured for growth response, 

altitude and type were found to be the chief factors controlling vari­

ation. This was clearly brought out by the combined analysis of variance 

(Table 28). The error mean square was comparatively large. The vari­

ation attributable to sites within altitudes was also quite noticeable. 

There was a very high positive correlation between basal area and 

node nuoiber and between basal area and leaf area at all altitixdes. 

Yield 

Yield per plant was extremely variable at all sites and altitudes 

and vdthin all types. The planting at Site 8 was destroyed by livestock 

before yields were secui'ed. The Mountain Type produced only vegetative 

growth at low altitude. No ears were formed by any plant of this type 



Table 2?. Individual analysis of variance of the basal areas 
of 25 entries of maize for each of the nine sites 
in Guatemala. 

Eintries Error C.V. 
Rxperiment d.f. M.S. d.f. M.S. F* 

Low altitude 

1 24 12.5825 48 .5629 22.35 10.57 
2 24 11.3087 48 .2813 40.20 8.13 
3 24 11.0890 48 .1257 88.22 5.88 
4 24 9.3383 48 .3644 25.63 10.28 

Mid altitude 

5 24 3.7100 43 .3654 10.15 12.14 
6 24 15.7709 48 .3264 48.32 13.38 
7 24 17.2309 48 .1508 114.26 7.72 

High altitude 

8 24 10.8495 48 .0210 516.64 3.39 
9 24 10.1602 48 .2228 45.60 11.52 

* For all values of F, P<0.01. 
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Table 23. Combined analysis of variajice of the basal areas 
of 25 entries of maize for nine sites in Guate­
mala. 

Source of variation Degrees of freedom Mean squares 

Altitudes 2 244.7010 

Entries 24 86.5676 

Between types 4 478.5409 

Within types 20 8.1730 

Altitudes x Entries 48 3.7867 

Altitudes X Between types 3 11.8355 

Altitudes x Within types 40 2.1769 

Sites within altitudes 6 17.3972 

Entries x Sites within altitudes U4 1.5226 

Total 224 13.7161 
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at loTV altitude. The Giant 'lype also reacted very abnormally at low 

a].titude producing very few ears and thus very low yields per plant 

generally. In every case the type best adapted to a given altitude pro­

duced the greatest per plant and per type yields. At high altitude the 

Early and Coast "ftrpes made poor growth with correspondingly low yields. 

These types set few seed although ear and silk growth was luxuriant and 

pollen plentiful. The Giant Type and the U, S. single-crosses made sur­

prisingly good top and root grofjth but produced very little grain. These 

responses are depicted in Table 29 and Plate 44• 

The individual analysis of variance in Table 30 shows the high co­

efficients of variation produced by the variability in the yield response. 

No combined analysis of variance was made. 

Correlation Coefficients of Plant Characters 
Measured for Grovjth Response 

Correlation coefficients, based on altitude means, were calculated 

among five of iJie plant characters measured for growth responses. These 

were antheais, node nmnber, leaf area, basal area and height. These 

correlation coefficients are presented in Table 31. With few exceptions 

there were high to very high positive correlations among all of the char­

acters included. None of the correlations was below the 0.01 probability 

level of .505. Tendency toward grouping along the axes was very slight. 

There was a definite relationship between altitude and the degree of 

correlation. With one exception the correlation coefficients were highest 

at mid altitude. In the case of anthesis x basal area the lowest corre­

lation was shown at mid altitude. Two very variable characters, basal 



PLATE U 

Mean and extreme yields of ahollad grain per plant for each of 
the five maize types at three altitudes in Guatemala. 
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Table 29. Yields of 25 entries of maize planted at nine sites at low, 
intermediate and high altitiides in Guatemala. 

Maize tested Mean yield in grams per plant at 

Low altitude sites Mid altitude site 
Nmber Type 

1 2 3 4 Mean 5 6 7 

153 X W9 S. cross 117.5 83.4 87.8 96.9 96.4 71.4 69.8 64.6 
205 X 289 II II 149.3 101.1 104.4 115.8 117.6 U4.1 105.8 66.4 
205 X 234 11 11 . U7.5 87.1 99.3 126.2 115.0 117.3 106.9 70.0 
MU X WF9 II II 116.0 77.3 94.6 111.1 99.8 106.5 115.6 55.6 
UlU X Vtiis. 22 II II 92.9 89.2 91.5 60.3 83.5 87.6 94.1 52.2 

Altitude means for U.S. single crosses 102.5 

3OA - 46 Early U3.7 109.2 93.9 79.7 106.6 99.8 66.1 30.6 
32A - 46 II 88.4 99.0 93.6 91.0 93.0 93.2 63.0 63.2 
25 - U It 128.5 60.6 78.3 46.2 78.4 84.8 41.9 31.4 

Altitude means for early typo 94.4 

lOU ~ 46 Coast 143.7 133.1 131.1 134.9 135.7 97.5 81.7 107 .-8 
13 - 44 II 95.4 66.3 80.6 98.9 85.3 98.1 64.5 40.8 
42A - 46 II 71.1. 74.1 83.4 98.6 81.8 111.3 102.6 113.2 
12A - 46 II 99.6 98.6 111.5 184.4 123.6 102.0 128.6 90.0 
7A - 46 II 159.6 139 0 5 132.5 135.8 141.9 112.4 137.6 98.2 
125A - 46 11 262.8 148.8 187.9 174.6 193.5 137.1 91.4 71.1 
9A - 46 It 204.9 139.2 126.7 203.4 168.5 116.5 106.3 30.7 
96A - 46 II 122.0 104.8 110.1 192.7 132.4 103.3 75.5 54.3 

Altitude means for coast type 132.8 

lA - 46 lulountain 0.0 0«0 0.0 0.0 0.0 95.3 52.5 44.7 
39A - 46 It 0.0 0.0 0.0 0.0 0.0 94.5 63.5 43.5 
106A - 46 It 0.0 0.0 0.0 0.0 0.0 90.6 67.1 39.8 
33A - 46 It 0.0 0.0 0.0 0.0 0.0 105.9 75.6 72.0 

Altitude means for mountain type 0.0 

15A - 46 Giant 0.0 6.0 0.0 0.0 1.5 143.7 135.6 144.3 
17A - 46 It 0.0 0.0 0.0 50.6 12.7 U9.2 103.9 112.0 
47A - 46 II 1.1 1.3 9.8 U.5 6.7 119.6 81.4 116.0 
I38A - 46 It 0.0 0.0 0.0 28.1 7.0 191.7 176.1 — — 

14A - 46 It 2.1 0.0 1.1 77.5 20.2 169.9 175.7 156.2 

Altitude means for giant type 9.6 

Altitude means for all types 76.2 
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ntrles of maize planted at nine sitoe at low, 
d high altitudes in Guatemala. 

Mean yield in grama per plant at different sites 

Low altitude sites Mid altitude sitos High alt. sites 

2 3 4 Mean 5 6 7 Mean 8 9 Mean 

83.4 87.8 96.9 96.4 71.4 69.8 64.6 68.6 34.6 34.6 
101.1 104.4 115.8 117.6 114.1 105.8 66.4 95.5 — 22.4 22.4 

87.1 99.3 126.2 115.0 117.3 106.9 70.0 93.1 — 10.8 10.8 

77.3 94.6 111.1 99.8 106.5 115.6 55.6 92.6 — 3.2 3.2 
89.2 91.5 60.3 83.5 87.6 94.1 52.2 78.0 — 11.2 11.2 

All 
alt. 
mean 

sses 

109.2 
99.0 

93.9 
93.6 

79.7 
91.0 

102. g 
106.6 
93.0 

99.8 
93.2 

66.1 
63.0 

30.6 
63.2 

86.5 

65.5 
73.2 

12.6 
U.8 

16.5 

12.6 
14.8 

85.75 

60.6 78.3 46.2 78.4 84.8 41.9 31.4 52.7 — 2.2 2.2 

94.4 63.8 9.9 71.51 

133.1 131.1 134.9 135.7 97.5 81.7 107 .-8 95.6 — 5.3 5.3 
66.3 80.6 98.9 85.3 98.1 64.5 40.8 67.8 — 7.6 7.6 
74.1 83.4 98.6 81.8 111.3 102.6 113.2 109.0 — 25.3 25.3 
98.6 111.5 184.4 123.6 102.0 128.6 90.D 106.9 —• 20.9 20.9 
139.5 132.5 135.8 141.9 112.4 137.6 98.2 116.1 - 20.9 20.9 
148.8 187.9 174.6 193.5 137.1 91.4 71.1 99.9 — 9.8 9.8 
139.2 126.7 203.4 168.5 116.5 106.3 30.7 84.5 •— 11.1 11.1 
104.8 110.1 192.7 132,4 103.3 75.5 54.3 77.7 •— 0.0 0.0 

132.8 94.7 12.6 103.51 

0.0 0.0 0.0 0.0 95.3 52.5 44.7 64.2 — 124.2 124.3 
0.0 0.0 0.0 0.0 94.5 63.5 43.5 67.2 171.3 171.3 
0.0 0.0 0.0 0.0 90.6 67.1 39.8 65.8 — 101.2 101.2 
0.0 0.0 0.0 0.0 105.9 75.6 72.0 84.5 95.6 95.7 

0.0 70.4 123.1 41.80 

6.0 0.0 0.0 1.5 143.7 135.6 U4.3 ia.2 — 110.2 110.2 
0.0 0.0 50.6 12.7 U9.2 103.9 112.0 121.7 — 19.0 19.0 
1.3 9.8 U.5 6.7 119.6 81.4 116.0 105.7 — 4.9 4.9 
0.0 0.0 28.1 7.0 191.7 176.1 183.9 — 0.0 0.0 
0.0 1.1 77.5 20.2 169.9 175.7 156.2 167.3 — 23.7 23.7 

9.6 141.1 31.6 59.63 

76.2 94.1 34.5 77.17 
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Table 30. Individual analysis of variance of the yields of 
25 entries^ of maize for each of the nine sites 
in Quateiuala. 

Entries lirror „ 
———HI ••• urn I  I g  1 1  — — • m w  ! •  O • V • 

E:qperiraent d.f. M.S. d.f. M.S. % 

Low altitude 

1 15 6,799.66 30 205.55 33.08 44.97 
2 15 2,221,75 30 166.84 13.32 12,84 
3 16 3,816.86 32 168.83 22.61 12,85 
4 17 68,039.72 34 415.70 163.68 17.66 

Mid altitude 

5 24 2,256.30 48 216.13 10.43 13.08 
6 24 3,678.96 48 261,16 14.09 16,85 
7 23 3,691.55 46 71.43 51.68 11,61 

High altitude 

8 Planting destroyed before maturity. 

9 20 7,355.58 40 169.10 43.50 32.37 

* For all values of F, P<0.01. 

^ Missing values due to death or abnormal growth response. 
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Table 31. Correlation coei'ficients (r) based on altitude 
means among five plant characters on 25 entries 
of maize grown in Guatemala. 

Node Leaf Basal 
Character • Alt. number area area Height 

Low .826 .687 .862 .624 
Anthesis Mid .937 .962 .685 .963 

High .889 .813 .875 .566 

Low .909 .613 .797 
Height Mid .936 .967 .952 

High .515 .728 .748 

Low .928 .857 
Basal area Mid .955 .959 

High .929 .929 

Low .909 
Leaf area Mid .971 

High .781 r of .505 occurs with P 0.' 
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area and leaf area produced aorae of the highest correlations. The only 

tvio correlation coefficients which approached the 0.01 probability level 

of .505 viere height x node number and height x anthesis, both at high 

altitude. 

Thus it vma shown that the growth response of any one character was 

closely correlated with the response of all others. It was also shown 

that these characters respond as a group to changes in environnient. 

General Observations of Responses 

There were several responses that were not measured but which are 

worth noting at tiiis point. It was found that some characters, often 

used in descriptions, were quite variable while others were constant when 

transplanted to environments different from natural habitats. 

During the course of this investigation it was found that leaf posi­

tion was very constant. Thus the reflexed leaves of the fountain "fype 

never varied regardless of the environment to which they were exposed. 

Anthocyanin pigmentation was much more pronounced at high altitude 

than at low. Some entries which shovied little or no pigmentation at low 

altitude showed definite coloring at high. 

Tassel branching was extremely variable with changes in climate. 

The Mountain Entries, which are characterized by few tassel brunches in 

their natural environment, branch profusely at low altitude and at high 

latitudes, 

Root development of some types, especially the Mountain l^pe, was 

seriously curtailed by any downward change in altitude-climate. 
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The growth response of reproductive structures, especially female, 

was greatly influenced ty changes in altitude-climate. The Mountain T^rpe 

produced no ears at low altitude. The Giant I^pe showed a similar re­

sponse. At high altitude there was an indication that the viability of 

the pollen of lowland types was lost or greatly reduced. 

Many aberrations and abnormal responses such as failure to produce 

ears, excessive tassel branching, multiple ears, tassel seed, growth 

stimulation, excessive suckering, and lodging were exhibited by indi­

vidual plants. The Coast Type was much freer from these abnormalities 

than any other type when removed from its natural environment. 

There was extreme variation in endosperm characteristics in all of 

the types. Although there was a general tendency toward flinty endo­

sperm in all types, flour, flint, and dent variants existed in each. 

There was no apparent relationship between endosperm characteristics and 

other morphological responses. 

Growth Responses in Greenhouse Conditions 
at Ames, Iowa 

A planting of three plants of each of the twenty entries of Guate­

malan corn was made in the north greenhouse at Iowa State College, Ames, 

Iowa. Spacing was identical with field plantings in Guatemala. The 

pleuiting was made on February 18, 1948 when day-length conditions were 

similar to those prevailing in Guatemala. Air temperature was thermo-

atatically controlled and moisture conditions were maintained at a high 

level. Soil and air temperature were recorded daily until completion of 
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the growth period of Entry I38A-46. Light intensity was recorded at 

maximum daily. These records are as follows: 

Air temperature, C° Mean rain, 19.O3 Mean 22.31 Mean max. 25.60 

Soil temperature, C° Mean min. 19.02 Mean 20.12 Mean max. 21.07 

Mean maximum light intensity, f.c. 8,210 

Air temperature was slightly higher than at the mid altitude sites 

in Guatemalaj soil temperature slightly lower. Light intensity was lower 

than any of the values recorded for growth periods in Guatemala except 

that for Site 1. 

The data for this planting are presented in Table 32. The values 

for each character response represent the average for the three plants 

of each entry. None of the responses were greatly different than those 

recorded at the mid altitude sites near Antigua, Guatemala. It must be 

borne in mind that these greenhouse grown plants went through their 

periods of differentiation during the short days of February and early 

March. 

Growth Responses of Maize Field-planted at Ames, Iowa 

A field planting of the 25 entries used in Guatemala was made at 

the Ash Avenue plots at Ames, Iowa on May 17, 1942. This planting was 

made in 5x5 triple lattice identical with spacing and other methods used 

in the plantings at the nine sites in Guatemala. The same measurements 

were made on all growth responses as were made in Guatemala. The site 

means for each entry are presented in Table 33. No data was taken on 

yield. 
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Table 32. Average growth responses of 3 plants of 20 
entries of maize planted in the greenhouse 
at Ames, Iowa. 

No. days Daily 
emergence increase No. 

to in Leaf Basal of 
Nvunber Type anthesis Height height area area nodes 

30A - 46 Early 67 166.9 2.49 521.3 3.19 14.8 

32A - 46 1) 69 174.3 2.53 476.8 2.94 14.5 
2 5 - 4 4  It 63 158.6 2.52 432.7 2.71 13.2 

lOlA - 46 Coast 82 253.1 3.09 710.8 4.28 17.1 
13 - 44 It 84 210.0 2.50 596.4 4.56 16.6 
42A - 46 ti 79 239.8 3.04 684.3 4.37 17.7 
12A - 46 H 86 271.5 3.16 710.1 5.15 18.6 
7A - 46 tr 80 228.9 2.86 692.4 4.80 18.1 
125A - 46 IT 81 209.7 2.59 644.5 4.62 17.9 
9A - 46 tt 87 240.2 2.76 652.7 5.39 18.5 
96A - 46 II 82 254.3 3.10 640.7 4.76 18.7 

lA - 46 Mountain 81 218.7 2.70 584.3 3.98 16.2 

39A - 46 It 81 241.3 2.98 610.2 4.02 16.5 

106A - 46 ri 86 264.5 3.08 582.7 4.30 17.1 

33A - 46 II 90 257.3 2.86 611.9 4.68 17.3 

15A - 46 Cfiant 106 347.1 3.27 961.5 8.10 20.6 
17A - 46 tt 110 386.8 3.52 950.4 7.93 23.1 
47A - 46 M 103 309.8 3.01 937.2 8.61 21.2 
138A - 46 H 126 394.4 3.13 984.8 10.32 25.9 
14A - 46 It 110 326.1 2.96 927.6 7.61 20.9 
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Table 33* Mean growth responses of maize field-planted 
at Ames, Iowa. 

No. days Daily 
emergence increase No. 

to in Leaf Basal of 
Number Typo anthesis Height height area area nodes 

153 X WF9 S. Cross 60 246.7 4.13 878.3 6.51 17.9 
205 X 289 ti 56 270.3 4.83 739.6 5.56 17.8 

205 X 234 n 55 261.0 4.74 784.5 6.70 18.1 
K14 X 1';F9 59 253.0 4.29 823.8 6.78 I8.3 

?.a4 X vas.22 II 61 246.1 4.03 912.4 7.48 18.1 

30A - 46 Early 85 323.1 3.80 838.7 6.51 21.6 
32A - 46 ft 73 304.4 4.17 825.7 7.10 19.3 
2 5 - 4 4  It B2 303.9 3.64 936.2 6.16 21.4 

lOlA - 46 Coast 100 431.5 4.31 982.7 13.95 29.8 

1 3 - 4 4  It 94 374.1 3.9a 888.7 9.59 26.5 

42A - 46 97 432.7 4.46 944.6 9.92 28.5 
12A - 46 11 107 425.7 3.98 962.4 10.53 29.5 
7A - 46 If 90 336.7 3.74 943.7 6.88 22.9 

125A - 46 tl 34 349.9 4.17 995.9 8.30 24.5 
9A - 46 II 98 370.8 3.78 937.3 9.39 29.8 

96A - 46 11 100 •398.7 3.99 944,7 9.60 28.1 

lA - 46 Moimtain 73 332.9 4.56 936.6 8.75 22.4 

39A - 46 It 107 345.5 3.23 895.5 8.43 23.5 
106A - 46 II 106 3S9.I 3.67 940.1 10.40 24.1 
33A - 46 It 111 373.5 3.36 801.2 11.20 27.5 

15A - 46 Giant 119 423.5 3.56 1,030.8 15.39 28.8 

17A - 46 tl 119 471.4 3.96 991.3 15.65 32.6 
47A - 46 II 111 433.7 3.91 931.3 15.30 29.7 
I38A - 46 II 125 480.5 3.84 1,052.7 15.82 31.3 
14A - 46 It 116 462.7 3.97 1,004.5 14.12 30.7 
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The days to anthesis for the U. S. single-crosses, which were grow­

ing in homo environment, were somewhat less than at Md altitude in Guate-

imala. In nearly all the other entries this response was greater than at 

Antigua, The two exceptions were Mountain Type ISntry lA-46 and Qiant 

lype Entry I38A-46. Number lA-46 came to anthesis abnormally early, pro­

duced no ears and most of the plants died. Root development of this 

entry was extremely poor as was true of the other variants of the Moun­

tain Type. Entry 138A-iV6 came to anthesis only four days earlier than 

the mean for Antigua, 

The response for height was greater, in every case but one, for 

each of the entries than at any site in Guatemala, The one exception 

was Entry 138A-46, The value for this entry at low altitude Site 4 was 

slightly greater than that recorded at Ames, 

Mean daily increase in height, as recorded at Ames, was in all cases 

Intermediate between the recordings for low and for mid altitude in 

Guatemala. 

The values for leaf area were, for all entries greater than those 

recorded at any of the sites in Guatemala. This was also true for the 

basal area values recorded at Ames. 

The numbers of nodes for all entries were greater, and in most cases 

considerably greater, than the numbers recorded at any site in Guatemala. 

At the nine sites in that country there was very little variation in this 

response regardless of altitude-climate. 
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DISCUSSION 

This study of the growth responses of maize transplants to different 

climates revealed that modifications, both morphological and physio­

logical, ocourrad in all entries. These modifications were very slight 

from site to site witlriin a given altitude-climate but were marked from 

one altitude-climate to another. There was a great difference between 

types in their range of adaptability. The Mountain Type (2,200-3,000 

meters) was the least adaptable to altitude-climates outside its normal 

environment. The Coast lype (0-1,000 meters) was the most adaptable. 

The Giant lype (1,000-2,200 meters) and the iiarly lype (isolated vari­

ants at 500-1,500 meters) were intermediate in their adaptability. The 

U.S. single-crosses showed a remarkable range of adaptability. In all 

cases growth responses were most normal at the site within or most 

nearly approaching the natural range of climate of the entry or type 

in question. Limits of adaptability were demonstrated by abnormal physio­

logical response i.e. failure to produce ears, lodging, failure to set 

seed, abnormal size, and aberrant inflorescence. Changes in root 

development were quite prominent in the Mountain and Giant Types at 

altitudes below their ranges. 

Despite the changes in environment each type retained its character 

distinct from other types. This is nonconfirmatory to the work of 

Bonnier (7) I'^'ho found that his transplants of wild perennials often took 

on the characteristics of adapted variants. The extent of modification 

in each type and in each variant was lijiiited by inheritance. Vilhen the 
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heritable liioita of modification were exceeded death, aberrations or the 

failure to complete life processes resulted. Changes in dimensions and 

groivth periods were the most prominent growth responses to climate. 

Heredity prevented the individual from losing its identity despite these 

growth changes. Modification was never localized in one character but 

the plant responded as a whole to climatic changes. The net result of 

the growth responses was modification — attributable to environment but 

limited by heredity. 

The results of these climatic influences on maize transplants were 

not entirely in keeping with Kerner von iaarilaun's (36) results with 

wild annuals. His annuals had fewer nodes at high altitude while in 

these studies there was no decrease in the number of nodes of maize with 

increase in altitude. The findings of this study, however, do confirm 

his findings of shorter internodes and higher pigmentation at high alti­

tude. 

Altitude, as the regulator of tlis climatic elements of temperature 

and light was the principal source of variation in the maize variants 

studied. Moisture relationships were at all times favorable to growth. 

Edaphic factors, neither chemical or physical, showed any indication of 

dominance over climate. Thus temperature, as controlled by altitude, 

was considered the dominant climatic factor responsible for variations in 

growth response. Soil temperature was considered as part of the general 

temperature relationship. These findings are in keeping with those of 

McCalla, Weir, and Neatby (52) who demonstrated that, in Canada, 69 to 90 

per cent of the variability of growth in maize can be accounted for in 

the factors of temperature and sunlight. Temperature effects cannot be 
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completely singled out from other elements of climate (65). However, 

the data here presented is in accord with Hanna's (30) finding that 

growth had a closor correlation with temperature than any other single 

climatic factor. Likewise, other investigators have shown (65, 42, 46, 

52) that tenperature is by far the aiost important element in relation 

to growth. 

Most of the research on the effects of light intensity on grovith 

responses has been carried on in laboratory conditions. Also, the buUc 

of this research has been performed in light intensity conditions much 

below those encountered in the field. Soil and. air temperature have not 

usually been given due consideration in studies with light, Lundeg^dh 

(45^ found that conclusions drawn under laboratory conditions often lead 

to erroneous conclusions as to similar reactions in the field. To date 

no one has successfully separated the effects of light and temperature 

on growth in the field. No attempt was made to do so in this investiga­

tion. 

It was found in this investigation that each type had its own opti­

mum conditions of temperature and light. Hie application of any of the 

usual temperature indices to the maize of Guatemala was not feasible. 

The maximum, minimum, and mean temperatures for growth were distinct for 

each type. The Mountain T^pe made satisfactory growth at lower tempera­

tures than any of the other types. 

Root development was closely associated with temperature and light 

as indicated by its response under the different altitude-climates. 

However, neither the conclusions of Lubimenko (44) nor those of Rose 

(60), as to increased root development with increased light intensity, 
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were applicable under the intensities recorded in this investigation. 

The Mountain Type showed extremely poor root development at low, fair 

at mid, and excellent at high altitudes. Development at low altitudes 

was so poor that few of the plant were able to develop sufficient root 

system to support top growth. This was also true for Mountain Typ© 

plants field-grown at Ames, Iowa, This fact limits the use of this type 

as an otherwise valuable source of germ plasm for cold resistance unless 

its variants are brought into hybrid combination. It is believed that 

the inherent inability of this type to adapt itself to increased tem­

perature and decreased light intensity conditions are responsible for 

this root response. 

The Qiant Type also showed very poor root development at low alti­

tude, At mid altitude this type produced excellent systems. At high 

altitude this type developed extensive root systems but other responses 

were abnormal. At Ames root development of this type was fair to good 

depending on the entry. The Coast Type, although developing its best 

root systems in its native environment, produced re/narkably good systems 

in all of the altitude-climates of Guatemala as well as at Ames, Iowa. 

The Early Type developed good but not extensive root systems in all the 

altitude-climates of Guatemala. This type produced excellent systems 

at Ainas. The root systems of the U.S. alngle-crosaes in Guatemala were 

never sxifficient to maintain a physiological balance in the plant. They 

were, however, sufficient to permit the use of these entries as male 

parents in breeding work at low altitude and as either male or female 

parents at mid altitude. At high altitude the root systems of these 

single-crosses were greatly improved. 



These observations on root developmant led to the opinion that this 

response was dependent on the interrelationship of soil~air temperature 

and ligjht intensity plus the inherent limits of adaptability of the type 

to these climatic elements. It was acknowledged that root development 

was very closely related to some, if not all, of the plant growth re­

sponses measured. 

Ttiere are several points of difference between the findings of other 

worlcers and the data collected in this study. This' nas especialJy true 

of the leaf areas found in the gcmth response measurements. The results 

did not confirm Lubimenko's (44) conclusion that leaf area was greatest 

at moderate light intensities and lessened with extremes. This was true 

of the Giant Typo in Guatemala. The other types all produced greatest 

leaf area at low altitude and least leaf area at high altitude. Neither 

were the conclusions of Rose (60) entirely applicable to the findings of 

this investigation. He concluded that optimum light intensity for a 

plant was that at which the greatest leaf area developed. This was true 

with the Coast and Giant Types in Guatemalaj was partly true applied to 

the Early lypej but was nonconfirmatory when applied to the Mountain 

and U, S. single-crosses. At Ames every entiy reached magnitudes 

of leaf area greater than those recorded in Guatemala. At this site all 

growth responses for the Guatemalan variants were other than those ex­

hibited in their natural environments. The single-crosses were, of 

course, considered under normal environmental conditions. The mean max­

imum light intensity for the growth period at this site was 8,194 foot 

candles. This value was less than that of all sites in Guatemala except 

Site 1. 
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Greatest mean heights in Quatemala were exhibited at low altitude. 

However, the mean heights for every entry were greatest at Ames, lona. 

It has been shown by others that temperature is the principal factor con-

trolling this response (46, 3O, 52). The data of this study tends to 

confirm the findings of others that greatest growth occurs in the higher 

temperature rangesj other factors being favorable. 

The moan daily increase, a function of hei^t and time of anthasis, 

vtas most rapid in the high, even temperatures of the low altitude sites 

in Guatemala. These teraporaturea approached the optimum groTsth tempera-

txires for maize as recorded by Lehenbauer (42) and iicDougal (46). Al­

though growth was most rapid at this altitude it was abnormal in the 

Mountain and Giant T^es, 

Basal area was found to be inversely proportional to altitude and 

thus to light intensity. This does not agree with the work of Popp (57) 

on soybeans. He concluded that stem diameter was directly proportional 

to light intensity. However, the greatest intensity that he used was 

4>285 foot candles. In these studies with maize, the greatest mean basal 

areas of culms were produced at Ames, Iowa. 

Kuleshov's (37) theory that leaf number could be used in prognosti­

cating the length of the vegetative period was considered in this in­

vestigation. Unfortunately he offered no method or statistical approach 

to the matter. In this work it was deemed jmsre accurate to use actual 

node counts in place of number of leaves. Maturity being a rather approx­

imate factor it was decided to use the value of the days from emergence 

to anthesis. Likewise this period was of more value to the maize studies 
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of the Center. Not only do these results confirm Kuleshov's findings 

but statistical evidence of their validity is presented. Also an accurate 

calculation and prediction equation is offered. This method can be 

applied to maturity. Kuleshov mentions the use of longitudinally sec­

tioned seedlings for determining earliness or lateness of a variety. He 

also suggests that recommendations as to regions for planting could be 

made on the basis of these determinations. The data presented do not 

entirely confirm his findings. 

The prediction equations developed in this investigation are applic­

able to use on seedlings. However, there are several points of caution 

to be adopted. Sample numbers of seedlings of any collection can be 

groMi through the period of differentiation under field or laboratory 

conditions. These seedlings can be sectioned longitudinally, the number 

of nodes determined, and dates of anthesis or maturity predicted for £iny 

site for which such equations have been developed. From the value de­

rived it can be ascertained whether the growing period of the planting 

site is sufficiently long for the sample in question to reach anthesis 

or maturity. However, from the data presented, it is evident that the 

worker must have knowledge as to the inherent adaptability of the sample 

to the enviromnent in which it is to be planted. One could very satis­

factorily calculate the prediction equation for a high altitude maize to 

be planted at low altitude. The effort, however, would be useless if 

the adaptability of that type were not known. This type produces no 

ears at low altitude and often succumbs before anthesis. Thus the worker 

must have some knowledge of his collection san^les before applying pre­

diction equations for breeding work. 
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Until more information is available this method of prediction is of 

unknown value at the higher latitudes of maize production. It must be re­

membered that low latitude climates are known for their uniformity. ri.t 

these latitudes maize is grown during the months of the year when growth 

conditions are seldom limiting. It wo<ild probably be found tliat the pre­

diction equations would frequently prove inaccurate at high latitudes 

due to the annual differences between growth seasons. These year to 

year differences might also result in lower coefficients of correlation 

than were derived in Guatemala. 

More information will be necessary before any conclusions of sta­

tistical value can be drawn as to the growth responses demonstrated by 

the field-plantings at Ames. However, a few observations can be made 

with security. The greenhouse planting showed that by duplicating the 

temperature and day length conditions of Guatemala, small scale studies 

can be made at high latitudes. Light quality and quantity conditions 

due to glass were present but the results obtained demonstrated that 

they caused no interference with life processes. However, any breeding 

program of consequence must be carried on at the low latitudes. The 

evidence demonstrates that northern maize can be used in field plots in 

the tropics successfully. Tropical maize cannot be used in the northern 

states with any predictable degree of success except where introduced in 

hybrid combination. 

Field-plantings at Ames have demonstrated the fallacy of describing 

maize from plants grown in high latitude climates. The excessive values 

recorded in the field plantings at Ames illustrated this quite clearly. 

Two notable cases of failure to recognize this fact have been found in 
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the literature, Kuleshov (37) based much of his description of Central 

and South American maize on plantings made at Sukhuta, U.S.S.R. It is 

believed that for this reason the values for leaf nuinbers which he re­

corded are in excess of values which would be found in climates to which 

his variants were adapted. This is also true of some of his other meas­

urements. Likewise the illustration vAiich Bonafous (6) presented in 

support of his description of Zea hirta. a Mountain lype variant, shows 

strong indications of abnormality. His illustration depicts a plant 

with three ears which, as illustrated, is a rarity in the natui'al environ­

ment of that type. This response is a common one for this type when 

planted in high latitude climates. His plant was grown in lyons, France, 

Ample evidence is presented that growth responses at the mid alti­

tude sites was such that the variants of all typos were able to complete 

life processes. At these sites near Antigua, Guatemala, individual 

plant performance for all types was sufficiently good that breeding and 

other work could be carried on with any type. The coefficients of corre­

lation presented in Table 3I show strong evidence that growth response 

in this altitude-climate was a unified response of all characters. At 

this altitude only one correlation coefficient, that of basal area x 

anthasis, was lower than those calculated for other altitudes. This 

would indicate that factors of climate interfering with growth response 

were at a minimum. It was demonstrated that highland maize variants 

transplanted to lowland sites did not respond normally to climatic in­

fluences. Likewise, lowland variants when transplanted to high altitude 

c3i.mates did not show normal responses. These imperfections in response 

and the dominance of some responses over others are reflected in the 
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coraparatively lower correlation coefficients at low and high altitude. 

Calculations of coefficients of correlation among plant characters as 

influenced by different climates might be used as an indication of unity 

of growth response and inherent ability to cojuplete life processes in a 

given climate. This together with the prediction equation already pre­

sented should serve as useful tools to the student of influences of 

tropical climates on growth response of plants. 

The statistical analyses of variance of the data collected show 

that there was a difference among types. The tables of means show that 

the types could be separated on the basis of these differences. Vari­

ation between types is prominent but within type variation among entries 

is coniparatively small as shown by the combined analyses of variance. 

The statistical evidence together with the descriptive and illustrative 

data presented furnish evidence that the maize of Guatemala can be 

grouped into four assemblages of variants. This confirms Melhus* (54) 

classification of the maize of Guatemala into four groups viz: Early, 

Coast, Mountain, and Giant. It is known that these four groupings 

apply generally to all maize variants of Central America. The data show 

that these four groups are distinct morphologically and physiologically 

which are in keeping with Turesson's (74) findings that certain physio­

logical and morphological characters are associated with certain habitat 

factors. The possibility that one or more other minor climatological 

types might exist is not overlooked. 
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SUMMARY 

This study of the influence of climate on the growth and develop­

ment of maize in Guatemala was performed with the use of twenty maize 

variants collected in Guatemala and five from the corn belt of the 

United States. The Guatemalan entries were samples drawn from open 

pollinated populations and the U. S. entries were drawn from single-

crosses produced at Kanawha in north central Iowa, Nine site plantings 

were employed in varied climates within three altitude ranges in Guate­

mala and one site planting was employed at Ames, Iowa. A small green­

house planting was also used at Ames. The elements of climate were 

recorded throughout the growth period of each variant at each site. The 

influence of different climates on maize transplants was determined by 

the influence of the elements of climate on specific characters. The 

variants were separated into types on the basis of their response in 

the different climates. 

Measurement of the growth responses of numbers of each variant in 

the several site climates confirmed Melhus' (54) grouping of the maize 

of Guatemala into four heritably distinct assemblages of variants, here 

called types, vizt Early, Coast, Giant, and Moiuitain. 

Despite morphological and physiological modifications each type re­

tained its inherent identity, distinct from other types, regardless of 

the climatic conditions to which it was subjected. 

The morphological and physiological characteristics of each type 

were peculiar to that type and could be used in the positive placement 
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of any variant into its proper type assemblage. 

Ihe ability of any type to adapt itse]J! to any or various climates 

was fixed by heredity and varied from the same function in other types. 

Likewise, the range and limits of adaptability of a given type were 

dependent upon these same restrictions placed upon it by heredity. 

Climatological modifications of hereditary characters varied with 

each type. These modifications were similar for the individual variants 

within a given type. The range of modification of each character varied 

considerably from type to type. Some characters such as leaf position 

and pubescence were unaffected by changes in environment. Modification 

of growth responses due to climatic changes was always unanimous and 

never the response of a single character. 

The calculation of the regression of days to anthesis on node number 

yielded an eciuation that could be. used for the prediction of the approx­

imate date of anthesis of any entry, any type, or the progeny of any 

individual plant. This prediction equation was useful in determining 

dates of planting for hybridization and in determining dates for the 

recording of data. 

There was a high positive coefficient of correlation among the 

growth responses of all characters measured viz: anthesis, node number, 

height, loaf area, and basal area. Coefficients of correlations were 

higjiest at mid altitude in all cases but one. 

Temperature and light were found to be the two elements of climate 

largely responsible for the variations in growth responses. 

At no time did edaphic factors show any indication of being domi­

nant over the elements of climate. 
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The investigation demonstrated that maize adapted to a low altitude 

climate could be transplanted to a high altitude climate with less 

physiological and morphological modification than vice versa. 

Growth was moat normal and yields highest at tlrie Bites within or 

nearest to the native habitat range of the entry or tvype. 

All indications were that maize native to a high latitude climate 

may be transplanted to a low latitude climate luith less physiological 

and morphological modification than vice versa. 

The mid altitude sites were the only ones in which all types were 

able to complete their life cycles successfully. 
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