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INTRODUCTION. 

The term environment is used as an aggregate of all external 

oonditions and influences affecting the life and development of 

an organism. In this paper environment shall include the soil in 

which the plant grows, and the climatic influences, namely, 

rainfall, temperature, and sunlight which are apparent during the 

period of growth. 

For many years the effect of environment upon the compo-

I sition of grain crops has been a subject of much study by numerous 
I 

investigators, but the effect of environment on the growth and 

character of these crops has received very little attention. The 

particular characters to be considered herein are height of stalk, 

height of ear on the stalk, the circumference and length of ear, 

the weight of the ear, numbe r of rows on the ear and the percent 

of shelled corn to the cob. 

In considering this question it seemed important to 

eliminate all possible effects which might result from the source 

of seed, locality from which the seed was obtained and the soil 

on Which it as grown . Therefore, the seed was secured from 

localities in nearly the same latitude and with the similar soil 

conditions. 

General Influence of ater Supply. 

The yield of corn obtained each year is more often 

decided or limited by this factor than by any other. Of equal or 

greater importance than the total amount of rainfall is its dia-

tribution during the growing season. Corn makes its 0 t rapid 

growth during July and August, it is therefore, during these 

months that the greatest amount of moisture is needed for the 
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beet gro th of the crop . 

The precipitation for the previous season must be taken into 

account hen considering the affeot of moisture on the crop . All 

water of soils and plants is directly or indireotly derived from 

the rainfall (including therein snow and hail) . P~infall is 

naturally disposed of in t 0 ways, a portion is absorbed by the 

soil, and another which is at once shed from the surface and 

con titute the "surfaoe run-off . The portion absorbed by the 

soil is either disposed of by seepage or by evaporation. The 

latter oocurs in t 0 different ays, that is, from the soil 

surfaot itself or through the roots and leaves of the plant . 

General Influence of Temperature . 

High and 10 temperature affeot orops in various ways , 

the principal ones being by preventing germination, by ohecking 

gro th, by killing part or all of the vegetative parts , by 

injuring the blosooms, and by damaging the maturing fruit . 

The length of the gro ing season is in general the 

most im.ortant factor in determining the size of the stal pro

duoed . The long seasons of the Gulf States, ith a gro.ing 

period of aoo da S, induce the growth of tall massive stalks ith 

large yields of fodder and rain, hile the shorter northern 

se sons induoe a small stalk ith a moderate yield of corn, such 

as the s al SCtth Dakota P ride hich mature in ap roximately 

90 d ys. The smaller st~lks produce a better quality of fodder . 

The dependence of yie d upon olimate is seen hen the average 

production per acre fo r the state for a term of years is consi

dered. 

General Influence of Sunlight . 

Light is considered as one of the important sources 
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of energy for the food-making activities of the plant . The only 

plants that do not need light are molds, mushrooms and similar types 

which use the food made by other organisms . Dr . Clements (8 has 

summarized the effects of light as follows: - "Decomposition of 

carbon dioxide and water to form sugar; the production of chlorophyl ; 

loss of water from the chloroplasts; daily opening and closing of 

the stomata; turning of stems and leaves; day and night position 

of leaves; and changes in the form and structure of the leaf" . 

The work of Friedel (1901), Herzog (1902), Macchiat i (1903) 

(6) and others show in the clearest possible manner that the evolu

tion of oxygen takes place only in the presence of light and only 

in regions which are illuminated . From these experiments we can 

emphaSize the necessity of Sunlight but little is known i n regard 

to the effect of the quantity and intensity of light . Charts No . 

II to ~o . 17 inc l usive, deal with the effect of the quant i ty (ex

pressed by hours), of sunlight on the yield of corn . 

General Influence of Soil. 

The most important use of the soil is to act as a store-

house of water for the use of plants . The productiveness of any 

soil is determined in a very large degree by the a~ount of water it 

can hold . It must not be thought from this that the composition 

of the soil is not an important factor in £1xing the land values 

for crop production . But without a sufficient supply of wate 

neither the food constituents in the soil or that part taken from 

the air could be adequately procured by the plant . Birner and 

Lucanus (1866) (1) , pOinted out that plants can be grown to per

fection in well water , i f suitable physical conditions are preserved , 

and, as a matter of fact , they gre'N oat plants in suoh water rene'.''I'ed 

weekly ; the yield of grain being double that from a rich garden soil . 
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II. Environmental Factors ft ·ffecting Growth, Yield and Character . 

A - Yield as Affected by Precipation. 

The relationship between precipation and yield of corn 

has been recognized for many years, but careful investigations into 

the nature of thia relationship were only started recently . To 

have water furnished to the plant in any soil in sufficient quan

tities there must be an adequate supply available either through 

actual rainfall or through irrigation, considering rain as the 

source of all 80il water . Thus it can be said, other things being 

equal, that heavy rainfall, - large yields, light rainfall, -light 

yields. If the latitude and elevation are favorable for the pro

duction of crops, precipitation has first place. 

Descrintion of the Charts. 

The actual yields of uinn. No. 13 corn on Fields "T" 

and "e", at university Farm for the years 1906 to 1915 inclusive, 

were used as a basis in making the following charts. The preci-

pitation data for the first six years were furnished by the weather 

bureau reports from St. Paul and for the last four years by the 

Division of Vegetable Patholo~J and Botany at University Farm. 

Although the yield line does not folIo the precipi

tation every year it does show ralationship at times . The years 

in which yield does show any correlation with preCipitation are 

1907, 1909, and 1915 . The reason for this variation in the re-

lationship of this agent with yield 1s explai nable . In 1907 the 

preCipitation as 14 . 70 inches, a fraction of an inch less than 

the ten year average which 1s 14 . 76 inches - the yield of that year 

was 38 . 5 bushels or 12 . 1 bushels less than the ten year average -

the temperature with an average of 61 . 20 degrees for the season was 

undoubtedly responsible for the low yield . In 1909 the yield was 
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abnormally high and the precipita tion was practioally normal but 

the snowfall during the previous winter was 64 inches or 25 inohes 

above normal . This large snowfall furnished the necessary moisture 

for a large yield and was assisted by a high temperature and a 

large amount of sunshine . In 1915 we had a very abnormal season -

the preCipitation ~as exceedingly heavy, a total of 18 inches for 

the four months of the growing season . Thia heavy rainfall oom

bined with the abnormal action of the other climatio elements 

caused a very low yield. 

In the first group of oharts the precipitation is shown 

by the dotted lines and the yield by the full line. Yield is 

expressed in bushels and precipitation in inches. 

Chart No . I . 

This ohart shows a comparatively slight relation between 

the preCipitation for the month of May and the yield of corn per 

acre for the year. In 1907 and 1910 a very lOf precipitation 

is followed by a low yield but in 1914 the preCipitation was very 

low and the yield was high . Therefore, the precipitation in this 

month is not as important as in the later months because a low 

rainfall in May can be offset during the later months providing 

the temperature in May is normal . 

Chart No. 2. 

A normal amount of rainfall during June will give the 

orop a suffioient start towards producing a large yield, 4 to 6 

inches being considered as a normal rainfall . If the precipita

tion is below 4 inches as in the years 1910 and 1912 then a small 

yield becomes evident . In 1907 and 1915 when the precipitation 

as normal the temperature was responsible for the 10 yield . 
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- J::jIELD OF CORN PER RCRE. 
---- PREC J PITRT/ON IIV M~ -

Figure No. I Precipitation for May and Yield of Corn per Acre. 

Chart No.3. 

Perhaps this is the most interesting chart in the series. The 

mos t important period of gro,th for the corn plant comes during 

July. Therefore, a large amount of rainfall during this month 

could be correlated with large yield and a smal l amount with 

small yield. There are exceptions to this but for the most part 

they are explainable. In 1909, the yield was above normal, with 

the preCipitation for July below normal, but the snowfall the 

previous year was 64 inches, practically twice as much as the 

normal. This furnished enough moisture for the normal yield 
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while the rainfall increased the possibility of a crop to the 

maximum . 

I~ ~g e H A R T NO ; 2 
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Figure No . 2 Precipitation for June and Yield of Corn per Acre . 

Chart No . 4 . 

The yield curve agrees with the rainfall for August at times, 

but the yield is affected but little by the rainfall of this month 

unless there should be an excess precipitation which might retard 

the ripening of the crop enough so that it could not mature before 

the arrival of frost . 
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Q I~ ~ C H ART NO.3 
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Figure o. 3. Precipitation for July and Yield of Corn per Acre. 

Chart No .5. 

Combining the months of May, June, July, August and September 

does not materially ~ffeot the results shown in oharts 3 and 4. 

The total precipitation for the sea.son is given in this chart which 

sho s some oorrelation between precipitation and yield of corn. If 

the precipitation for the sea.son ranges from 14 to 17 inches it i 

sufficient for a large crop but other conditions may enter in and 

destroy the good effects of the normal precipitation. In 1910 the 

precipitation was very 10' and a draught resulted in a low yield. 
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In 1911 an excessive amount of rain produced a large yield but in 

this case the high temperature was an important factor . In 1915 

there was a large preCipitation and a low yield, this low yield 

being the result of continuous cool weather combined with precipi

tation which was above normal. 

The distribution through the year determines the correlation 

of yield and preCipitation , as for example a very light rainfall 

in June such as in 1910 and 1912 usually causes a light yield where 

as a heavy preCipitation in May i.s more detrimental than benificial 

as in the years 1907, 1910 and 1915. These figures corroborate the 

statement of Davy, E. J . (1909) (9), who said that, "Heavy rainfall 

and cloudy weather during the planting season decrease the yield" . 

As near as can be determined the relation to yield is shown 

in Table No . 4, in which the coefficient of correlation is express

ed . There are years in which this factor has more direot influ

enoe upon yield than is expressed by this figure and undoubtedly 

if the ooefficient of correlation were to be worked out for eaoh 

month, it would bring out more emphatically, than has already been 

done, the importanoe of rainfall during certain periods of the 

grOWing season. 

As might be expected, the pounds of water necessary to 

produce a pound of dry matter ip a orop is large. Any data quoted 

in discussing this question must be general in its application 

because of the numerous difficulties in determing the necessary 

amount for each pound of dry matter . The following table gives 

the water requirements of corn as determined by different investi

gators . Perhaps the difference in the ater requirements as 

determined by these men is due to the methods used in makin the 

determination . 
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Table 
f 

No. r. 
Investigator Amount of ater' , Pounds of Dry Matter 
Wollny. 1876 Germany . 464 pounds 1 pound 
Briggs & Shantz . 1913 ' I 369 pounds 1 pound Colorado. 
King 1895 . Wisconsin 300 pounds 1 pound 
Lea ther. 1910 India. 450 120unds 1 120und 

A real difference in the results is expected if the climatio 

oonditions differ at the places where experiments were conducted . 

From this pOint of view the observed differences in the water re

quirement may be looked upon as a measure of the climatic differen-

ces. 
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Figure No . 5 Precipitation for May, June I July~ August~ 

September and the yield of corn per acre. 

The supply of water in the soil whether it be from rainfall 

or other sources has an influence not only on the quantity of the 

crop but also on the rapidity of growth and development of the plant 

ollny's (1875) (49) work on corn showed in general an acceleration 

of the date of ripening with a diminishing of the ater supply. The 

following table gives the results of Wollny's work. He planted 

five plots with different number of corn plants~ varying from 4 to 

25 plants to the square meter of soil. 
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Table No . 2. 
No . of Corn No . of sq. f Order Percentage 
plants to sq . 

, 
center.leters of of 

meter soil . to each plant. , Ripening . Unripe ears. 

25 400 , 1 3.7 

16 625 2 0.0 

9 1109 3 26.7 

6 1160 4 34.8 

4 2500 5 56.2 

The table also shows in the last column what proportion of 

the corn was unripe in the sparsely planted plots when that which 

was closely planted was already fully ripe. Ripnees varies in

Versely as the number of stecks per unit of area • 

. ollny (49) concludes that, "In general the harvest in

creases with increasing water supply up to a definite limit, be

yond ~hich the harvest diminishes steadily with any increase in 

the ater supply , until when the earth is completely saturated 

with water the harvest in some cases becomes almost nil" . The 

most advantageous percentage of moisture in the soil varies for 

the different plants, depending on their own method of using the 

water, on the transpiration from their leaves, and on the number 

of plants to the unit of area of the field, namely , their close-

ness to each other. 

The results ahown by wollny are substantiated by the 

.ork of tdstoe (1912) as shorn in the accompanying table, that 

as available water increases the dry matter ascends until a 

maximum is reached. 

Table No.3. 

The Yields of Dry Matter ith Different Quantities of ater . 
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Pounds of Dry 
Inches of Water Matter in Corn. 

13.04 10,757 

15.54 12,762 
t 

20. 54 13,092 t 

25.54 13,856 

30.54 14 , 606 

35 .54 15,294 

60 .54 12,637 

Again as also shown by Wollny, (48), more water is used in 

proportion ~s more nutriment is available in the ground , because 

the development of the organs of transpiration on the leaves is 

thereby increased. Therefore, in general the quantity of water 

required to attain a maximum crop will inorease with the richness 

of the soil and the closeness of the plants as well as the dryness 

and velocity of the wind . 

Fcrtier (1903),(11), worki~g at Montana showed that the 

yield of grain crops increased quite regularly with the amount 

of water supplied, up to the depth of 36 inches of water . n 

this case not only the quantity but the quality of the grain was 

greatly improved as the water supply increased, becoming larger 

and more uniform. 

The importance of the water supply in the soil was reco 

nized in 1870 by Johnson (17), who said - "It is a ell recognized 

fact that next to temperature the water supply is the most in

fluential factor in the production of a crop. Poor soils give 

good crops in seasons of plentiful and well distributed rain or 

when skillfully irrigated, but insufficient moisture in the soil 

is an evii that no supply of plant food can neutralize! 
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B. Yield as Affe cted by Temperature . 

The ideal climate for corn is one with a summer four to six 

months long , without frost, with sunny skies and sufficient rains 

to supply the demands of this rapid growing luxuriant crop. The 

distribution of corn is determined by temperature in that below an 

annual average of 40 degre es and above an annual average of 75 de

grees there is very little oorn grown. 

Corn is peculiarly sensitive to frost during the whole 

period of growth, late frosts in the spring cutting off the young 

plants, early ones in the fall retarding the ripening or injuring 

the quality . 

Desoription of the Charts. 

THE MEAN TEMPERATURE for each month is used in the 

following oharts, represented by the dotted lines while the yield 

of corn is shown by the solid line. 

Chart No .6. 

Some relationship is shown between the temperature of May 

and the yield of corn for the year. If the other olimatic elements 

are normal a temperature of from 54 to 60 degrees will produce an 

average crop but if the temperature drops below 54 degrees it is 

usually fOllowed by a low yield as in 1907, 1910 and 1915. 

Chart No .7. 

The temperature for June during the deoade is remarkably 

unifcrm, varying only 7 degrees in the ten years. The variation 

in temperature during this month is so slight that it is impossible 

to maintain that the variation in yield is affected by this ele

ment, unless it should happen to be very low as in the year 1910. 

Chart No .8. 

During this month the oorn plant makes its greates t 
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growth and if the other agen.ts are normal the yield follows the 

temperature very closely . In 1910 the yield was low and the tem

perature high thus showing that other elements may enter in and 

over-rule the influence of temperature . The two extremes in 

temperatur e during the ten years were in 1909 and 1915 . In 1909 

the average temperature as 77 degrees and in 1915 it was 65 de

grees , giving a spread of 12 degrees . If the t emperature during 

July remains between 68 and 75 degrees the other climatic elements 

become the controlling factors but if the temperature drops below 

68 degrees as it did in 1915 then it becomes the controlling factor 
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Figure No . 6 . emperature for May and Yield of Corn per Acre . 
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If the temperature goes above 75 degrees a large amount of 

moisture is necessary for the crop and if the moisture is supplied 

the yield increasee . 
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Figure o. 7 . Tem,erature f or June and Yield of Corn per Acre . 

Chart No . 9 . 

Hi gh average temperature in August is usually followed by a 

large yield . The t emperature in this month follows the average 

temperature for July every year and has nearly the same relation 

to the yield of corn for the year . The range of temperature in 

August for ten years was 8 degrees, this range being from 65 to 
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t o 73 degrees . Although the varia tion in temperature is very 

small it seems to be followed consietently nearly every year, the 

only years in which the yield line does not f ollow the temperature 

during this mon th be ing 1911 and 191a. 
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Figure No . 8. Temperature for JUly and Yield of .Corn per Aore . 

Chart No. 10. 

The yield line agrees with the temperature at times but normally 

it is affeoted very little by the temperature during September, 

espeCially if the summer months have been very favorable for the 

growth of the orop . In years such as 1915, it might be possible 

for the temperature of this month to produce a crop after the 
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other months were unfavorable for plant growth . The date of the 

first frost in September oftentimes checks the growth of crops and 

thereby lowers the yield. 
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Figure No . 9 . Temperature for A~gust and Yield of Corn per Acre . 

Cha.rt NO . 11 . 

A very close relationship between the average temperature of 

the season and the yield of corn per acre is shown in this ohart . 

The yield line follows the line representing temperature more 

uniformly than it does the line representing precipitation. The 

average temperature for the ten years was 64 . 75 degrees . Every 
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year that the temperature was as high as the average the yield was 

nearly up to the average yield, and in the years 1907, 1910, 1912 

and 1915 , when t he t emperature was below the average, it pulled 

the yi eld down . Almost perf ect correlation is shovm between tem

perature and yield a s expressed in Table No . 4, by the coeffioient 

of correlation which is . 849 :r . 0128 . As t he ooefficient of + I 
i ndi cates perfect direct oorrelation, . 849 shows the close relatio 

ship of t his e l ement with yield . 

,~~ CH ART NO.~ i It,~ I 7'EMPERATURE ,.1Ift SEPT. "Nt> ~ OF ~RN 
I :3J I!; ~ ~ g .... ~ 
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---- TEMPER/tTURIr IN SEPT. 
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Figure No . 10 . Temperature for September and Yield of Corn per Aor 

The principle factors in the life of plants discussed thus 
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far are heat and moieture . If it is necessary for the plant to 

economize in its use of heat, then the ~hole life of the plant ie 

intimately dependent on the course of this heat , as in Minnesota 

and the greater part of the Temperate Zone where the moisture is 

otherwise sufficient. 

+. , 

~ Jd IELD O~ CORN PEl' At.RE . 
---- TEMPPiA/HUf\E:. F-(lR SE~S.ON . 
___ PREe.IPITAT/ON FoP. SE~SON. 

Figure No . ll . Temperature for June, July,Auguet,September and 

Yield of corn. 

If it is the moisture that is subject to large periodical chan es 

and the question of the quantity of heat becomes unimportant be

cause of its abundance, the cycle of plant life depends upon the 
- 20 -



• 
periodicity of this mOisture, as in Texas and Arizona . If the 

variations of t he climate are such that there is someti~es insuf

ficient heat and mOisture, then the necessity of economy in the 

use of both of these materials is enforced and plants must develop 

in accordance with both these necessities as on the shaded mountam 

sides . Therefore, it can be said that these elements are limiting 

factors either acting together as such or acting independently . In 

the sections of the country where the raising of a crop every oth~ 

year is practiced, precipitation is the limiting faotor, in that 

the land is summer fallowed every ether year in order to store up 

enough moi sture \Vi th which to rais'e a crop. In regions with an 

average annual temperature of 40 degrees or lower this element 

becomes the limiting factor, as well ~s in the regions where the 

other extreme of temperature is prevalent. Alon the Atlantic 

coast the soil becomes the limiting factor because of the small 

yields of corn, whioh make it unprofitable to produce this orop 

and truck orops are better adapted to this type of sOil. 

C. Yield and Plant Growth as A ffected by Sunshine . 

While it is probably true that the greater part of plant 

gro th takes place in the darkness, according to Jost (18), it is 

fully ascertained that the assimilation of carbon from the atmos

phere takes place only in direct eunlight, that the bri ghtest 

diffused dayli ght is insuff icient to effect the necessary break

ing up in the green plants of the carbonic acid, hich is the 

source of carbon, of which compound the plant is almost entirely 

composed . It has been further observed that the transpiration of 

water , Which plays a very important part in the life aotivity, 

and especially in the nutrition of the plant, is greatly increased 

by the action of direct sunlight . As compared with diffused 

- 21 -
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li ght iesner f ound that the following amounts of water were 

transp i red in one hour from 100 square centimeters of surfac~ 

of green corn l eaf - in darkness, 98 mi l li grams - in diffused 

dayl i gh t 114 mill i grams and in sunlight 785 milligrams . 

Although b iennial plants can live a time and develop thei r 

organs f r om the stored- up food supplies of their roots or stems, 

it i s ev i dent from the above facts that the aid of the direct 

r ay s of t he sun is es.sential to enable any pla.nt to assimilate 

food from outside of itself, or, in other words, while the rate 

of growth is not dependent 01e1y upon the amount of sunshine to 

whi ch the plant is exposed , no plant unless it be a parasite , can 

ob t a in the materials neces sary for development without an abun

danc e of sunshine . 

Another element of importance in this connection is the 

relation of the amount of direct sunshine to the temperature of 

the soil . The difference in the amount of radiant heat trans 

mitted to the soil with diffused light and with sunshine i s clear 

ly shown by the different appearances of the north and south 

sides of a hill toward the close of inter - the north side is 

still white ith snow, while on the south the grass is green and 

the ground almost fit for plowing. 

Description of the Charts . 

The total hours of Sunshine for each month is used in 

the fol10 ing charts , represented by the dotted line while the 

yield of corn per acre is shown by the solid line . 

Chart rO . 12 . 

Only the extreme amount of stmshi ne during the month of 

May seems to have any noticable affect on the yield of corn as 

shown in this chart . In 1911 ~he hours of sunshi ne xe argest 
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and the yield of corn was above the average while in 1915 the 

hours of sunshine ,,3 re lowest and the yield of corn wa.s below the 

average .. 
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Figure No . 12 Hours of Sunshine for May and Yield of Corn per Acre 

Chart No . 13 . 

Again very little relationship is shown between the hcurs of 

sunshine and the yield of corn . ,ith the exception of the years 

1913 and 1915 the yield line runs just the opposite of the hours 

of sunshine . In both of the mentioned cases the hours of sunshine 

are extreme, in 1913 a large number of hours and in 1915 a verT . 

small number of hours . The yield in 1914 was just a little 
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smaller than that of 19l3~ but the number of hours of sunshine was 

ver~r small , showing that other factors must he.ve more effect than 

sunshine • . 
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Figure Uo . 13 . Hours of Sunshine for June and Yield of Corn 

Per Aore . 

Chart No . 14 . 

ithin a range of 100 hours, that is, bet een 300 and 400 

hours of sunshine in July there seems to be a lack of correlation 

between sunshine and yield but when the hours exc ~ ed these limits 
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either above or below it seems to ~ffec t the yie l d in the same way 

The excess number of hours produce a. draught \Vhich causes a small 

yield while the lack of sunshine as i n 1915 also causes a small 

yield. 
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Figure NO . 14. Hours of Sunshine for July and yield of Corn per Aom 

Chart No . 15 . 

The hours of Sunshine in August do not seem to ffeot the yield 

of oorn any more than the other months, in faot the years 1914 

and 1915 show two extremes in whioh no relationship is evident. 

In 1914 the hours of Sunshine in this month were less than any 

other year during the deoade and the yield was above normal . In 
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1915 the hours of sunshine ' were normal and the yi eld of oorn a 

the lowes t of the deoade, therefore, if the hours of sunshine 

ffeoted t he yie ld directly this variation ooul not ocour . 

~ I~ C H ART NO. I 5 
I ~ IJ~ I SONSHINf 1'0f( "I/GUST If/'fO IIIELD o .. CORN " eR fie R E 

, 3il5. ~ § ~ ~ ... ~ 
~ l;i .. ~ 

171' 1m; :'0: It: : 

!f:. " .~ :~. 

170 
ill 

- 1- iill I~ !t~i 
I(,{ '11 . ill I~W l' 1m: '1111 

. '1' I frl:jrE I;y 

/;0 
.;m Ih ~ : tt· ~ :im: ''i'.t agO = ... "-

~. ' -I~;:: 
Itt :J " ~ \. I;, :' loa 3'd 

i 'Eh .. f Ul1b'm :;;~ .j\, ~r. '., 
:" ,- '~ 

S() I",,, ¥t P~~ ,;, . ir \ fit; 

Iht 1E _~'#. ~,t · '1 t - p.. 

f~f ~ 
l<fi 2u 

,.. ~ t--... 
:t i .. , diTIi In I:: I 

;W ~ 
.;~ Iii ;j1 

~o .)Do oc ' '1 t 1: 1 '\ , l ii~ 
i 

.~ \ lit:mtE I:E Ill': II 
,. 

;tt 

IJ/I:uo ~ rm; '; tti t!lEr.- -.ti le. \ ;r; I ~ I;g'g 
t!! F '.' ~::; 1=!:5 [m;HaH!l !~<t~ f~i~ 1J1. 
e:~$ ~rt$ I ;!i r J§ ~iLl IJO ;lbO F 
If .!. $ c~ Ilffi 1m i tf~" m l$lf~ 1:;:;1;; I' ; 1- 1-.1-+ $ 

I ~ § 1."' ft ~1tF m~ ~1il Lifiliffil l!ffillill ~!::;: 1:;;:11#< IWif,l ~, :;' 1; 
~ ;; !E l;Y;f.ffi Ist:.m t§ls! t::rr. I]] Ig \. Ir#T 1- ;-1; 

I:lO Iv 1L5 IE ~ :f ~ lffi! lffi: ! sel~!:ri tTi !ill I ~'I!\ 
~ jj 1m : § I ffiil§ l§llm; I mum t!E I:ll lit Pi Hi ... I~ 

liS' I ~o s;: :!E rgn!h: J §llrnl fel tllil nEil tii¥.llhl Ulliffi 1 ,i: I:rt I '~ -hiE I:;; . i: I; 
,. iiH$l fffil tililfm; 13 1l! l:til !ffill 'i. Irl~ l 't'l~ 

c; I~ 
= m: b '~~ ~ ''§ ImlIJEf::l j .. 

_ ~ IEL O OF CORI'l P II "''' E , 
____ J4 0 U II ' '&U " $ II(~ ~o~ IIUGII4T . -

Fl re o . 15.Hours of unshlne for Au st d e1 0 

per Aore . 

at . o. IS . 

ithin certa-in limit the hours of suns in r 

on he yiel' of corn, un es it be th h 

enou h sunshine to ri en he oron 8.S in he e r 1915. 

vunt of sunshine durin this mon h ahou1 8.ssist in ri eni g he 

- as -



grain mare rapidly and avoid the fros t thereby increas ing the 

yield. 

_JlIElO OF CORN I"ER RC.RE . 
____ SU.NSHIAIE HOUR!;' FOR S E PT. 

I! 

Figure No . 16. Hours of Sunshine for September ~~d Yield of Corn. 

Chart No . 17. 

A summary of the relationship of the three environmental 

factors to yield as discussed in the earlier pages is shown in 

this chart . In totaling the hours of Sunshine for the season 

it can be readily seen that sunshine does not ffect the yield 

as much as either precipitation or temperature. The yield line 

fOllows the line representing sunshine only in 1908 and in I9I5, 

the most direct relationship being in 1915. 
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--~IELO Of CORN P £ R flCRE. 
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........... TOTRL pREC.IPI'TItTIOIV FDA FIVE MONTHS . 

.-.. /tVERA 6£ T~MPERFtTIJRE FOR FIVE MONTHS . I 

Figure No. 17. Total hours of Sunshine for May,June, July, August, 

September and Yield of Corn per Acre. Also show

ing the Total Precipitation and the Average Temp-

erature for the same months. 

Table No. 4 in which the coefficient of correlation is 

expressed shows that there is just a slight relation bet een the 

hours of sunshine for the season and the yield of corn. ith a 

correlation of only .006 ~ .0009 it oan be readily seen that 

the effect of sunshine on yield is very small although at times 
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it might be of some i mportance to the orop. The distribution of 

sunshine throughout the season does not seem to affect the re

lationship of this element with yield, that is, it does not seem 

to affect the yield any more during one month than it do~s during 

the others. Yet it has been observed by Ewing,E.C.(I910),(10), 

that the timenof flowering is influenced by sunlight in that cn 

warm, sunny days, a great many more plants bloom than on the cool 

cloudy days, but there is little or no oorrelation between the 

time of flowering and yield. 

Table No.4. 

Correlation between Environmental Faotors and Yield of Corn perAcre . 
t 

'Coefficient of Correlation. 

Precipitation for May,June,July, 
August,Septem~er and Yield of Corn. 

Preoipitation for June,July,August 
a nd Yield of Corn per Acre. 

Temperature for May,June,July,August,' 
September and Yield of Corn per Aore.' 

f 

Hours of Sunshine for May,June,July, ' 
August,September and ' Yield of Corn. 

.125 ± .00I8? 

.835 ± .0035 

.849 ± .0128 

.006 ± .0009 

This table shows the comparative relation of the different 

environmental faotors with yield. When considering the preCipit

ation for June,July and August it can be seen that during these 

months this element is more important than the average for the 

entire season indicates . The closer relation during these months 

is caused by the fact that the most important periods of growth 

come during these three months . 

A peculiar circumstance is shown in Chart No.1?, that is, 

the laok of correlation between the hours of Sunshine and the 

Average Temperature. Only on one occasion, namely in 19I5,is 

-39-
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there ~ny near relationship shown by these two elements . It is 

natural to suppose that the greater the hours of sunshine the 

warmer the temperature and the smaller the hours of sunshine the 

lower the temperature, but in I9IO the temperature was 10 . wh i le 

the total amount of sunshine was large . In I9I5 the temperature 

was l ow and the hours of sunshine were also below the average, 

showing some correlation . The coefficient of correlation which 

is . 2I2 ~ . 003I9 sho~s very little relationship between sunshine 

and temperature, this is for the five months of the summer sea

son but if it were to be worked out for eaoh month there would 

be a closer relation~hip at times . The months of July and Sept

ember,especially the latter sho some correlation . 

Sunshine and preoipitation act inversely, that is, in 

years showing a large amount of precipitation the total amount 

of ounshine is small and in years showing small amount of 

preCipitation the amount of sunshine is large . The yield line 

follows the line representing preoipitation more 010_ 1y than 

it does the line representing the hours of sunshine, therefore 

the natural conclusion is that, preCipitation is more important 

than sunshine . The ooefficient of correlation as given in Table 

10 . 5 eho~s a negative correlation bet een these two elements . 

Table No . 5 . 

Relation of the Environmental F ctors to ea ch other . 

, Coefficient of Correlation . ' 

Precipitation and Temperature . 

Preoipitation and Sunshine . 

Temperature and Sunshine . 

-. 00I6 

- 632 

. 2I2 

. 000I76 

. 0009 

. 003I9 

Precipitation and temperature seem to ork together 

~====~===================== -30-~ __ ~==~=_ 

( 



although in some years they show little in common. In seven out 

of the ten years a low or high temperature is accompanied by a 

light or heavy rain~all. From this it would seem quite safe to 

assume that low temperature is accompanied by low precipitation 

and high temperature is accompanied by a large precipitation, 

but the coefficient of oorrelation as expressed in Table No.5 

shows that there i8 practioally no oorrelation whatever . 

D. Yield as Affeoted by Soil . 

It has been believed that the chemioal oharaoter

istios of soil have a direct and controlling influenoe on the 

yield of a orop on any particular soil; but the Bureau of SOils, 

U.S. Department of Agrioulture report in Bulletin NO.22 that 

there is no obvious relation between the amount of the several 

nutritive elements in the soil and the yield of crops; that is 

no essential chemical difference has been found between the 

solution produced in the soil yielding a large crop and that in 

the soil of the same oharacter in the adjoining fields giving 

much smaller yields. The investigations of the Bureau indioate 

approximately the same amount and same proportion of plant food 

per unit of soil solu.tion in the blaok olay loam of OhiO, the 

different loam soils of Kentucky, Tennessee and other types of 

soil with hich they worked . La Clerc,J.A. and Leavitt,S.(23), 

carried on an investigation to determine the effect of environ

ment on the composition of ~heat in California, Kansas, and 

Texue. They ooncluded that soil and seed playa relatively 

small part in influencing the composition of crops. eat of 

the same variety from different sources nd possesing idely 

different chemical and physioal charaoteristios, hen grown 
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III - EVidence Bearing on Environmental Infl~ences . 

A - Project . 

1 - Location (See Figure No. 18) . 

MINN ESOTA, 

II ITTS O N I ROS E ... U 

i 
- __ .1 __ '_1 _ 

Figure No . 18 - Location of Trial Plots in State . 

a . Southern Section of State. 

orthington, Nobles County . 

aseca, Waseca County . 

b . Central Section . 

Anoka, Anoka County . 

GraceVille, Big Stone County . 

Morris, Stevens county . 

St . Paul , Ramsay County . 
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c . Northern Section . 

2. Object . 

Duluth, St . Louis County. 

Crookston, Polk County . 

Grand Rapids, Itasca County . 

Brainard, Crow Wing County . 

To tudy the Effect of Environment upon the 

growth and character of corn . 

3 . Method of Procedure . 

Three varieties of corn were used in the 

experiment - (a) Silver King, a white late maturing 

variety, seed grown at Cokato - (b) Minn. No. 13 

a yellow medium early maturing variety, seed grown 

at University Farm, St. Paul - (0) Minn. No . 23 

a white capped yellow dent, seed grown at Lake 

Harriet . 

These three varieties are standard types of the 

different corn sections of the state. Minn. 23 is 

an early maturing variety for the northern Section, 

the seed used is from the ori ginal otrain of this 

variety. Minn. No. 13 is a medium matu ring variety 

for the central Section, seed grown at University 

Farm, coming from the original Minn. 13, as sent 

out a few years ago by the Experiment Station. The 

Silver King i8 a large medium late maturing variety, 

seed grown at Cokato and coming from a pure strain 

that has been tested for a number of years . 

Description of the SOils at the Station. 

The Carri ngton Silt Loam i s the predominating type 
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\ of soil a t Worthington, Morris and Waseoa, this consists of a 

grayish-black or blaok heavy silt loam with a depth of 15 inches, 

grading into a drab or brownish silty olay whioh atabout 24 inohes 

is underlain by dark heavy olay. The soil is friable and eaay to 

work when dry, but sticky when wet. 

II 

At University Farm we have a Silt Loam which is mellOW, 

friable and of high organic matter oontent. It is remarkably 

uniform both in struoture and texture. The t ype is well adapted 

to corn, wheat and all other farm orops. 

Fargo Clay Loam is the prevailing type at Crookston. It 

oonsists of a gray or grayish blaok silty loam, va rying in depth 

from 8 to 12 inohes with a heavy olay subsoil. The soil is easy to 

work containing a fair proportion of sand. It is a rich soil and 

very retentive but badly in need of drainage. 

The soil at Duluth is a Stony Clay Loam. When wet it 

resembles a olay, being soft and stioky. If plowed under favorable 

moisture conditions, it caL be put in a state of good tilth but it 

needs drainage. The large rooks and boulders make it difficult to 

till properly. 

At Brainerd and Grand P~pids we have a Gravelly Sandy Loam. 

This consists of a dark brown to nearly black loam with a sandy 

II subsoil, which makes it a very easy soil t handle and put in con

dition for crops. The presence of a large quantity of small stones 

in a soil should make it warmer , for rocks absorb heat more freely 

than soil, and loses it more slo~ly, thus keeping the soil warmer 

at night. The failure of the t rial station men to gather the soil 

temperature makes it impossible to discuss the bearing of this 

question on the results obtained. 

The s01l at Anoka is made up mostly of sand ith a small 
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peroent of olay . Sandy soil is usually oonsidered too light for 

genera l farm orops, but the addition of humus in the form of 

manures have made the soil at Anoka quite retentive . It has not 

l ost its earliness by the addition of manure, so that it maintains 

tha t oondition, makin' it a valuable soil as shown by the 1915 orop . 

E - Results . 

1 - Growth of Plant. 

~ - General discussion . 

Table No. 3 shows the time of planting, 

number of oultivations given eaoh plot, the average date of 

tasseling, average date of ailking, average date of denting 

at the different stations throughout the state for the year 

1915 . 

The time of planting was unusually late be

oause of the 0001 wet we~ther ~hioh delayed the ork on the 

preparation of the scil . The average time of p lanting oorn 

for ten " ears (1905 to 1914), at University Farm was ay 

10th, and in 1915 it was planted on May 18th . In the 

northern Seotion of the state as represented by Crookston 

and Grand Rapids the a- erage date of plant in, is May 18th , 

and in 1915 oorn was planted on the 25th of aYe At Duluth 

we find the date of planting is quite late due to its 

peou1iar geographioal looation near Lake Superior , the oorn 

was planted on June 1st, in 1915. At Worthington May 5th 

to 10th, is the usual oorn planting ti~e, but ay 15th, was 

the earliest last year . There is usually ten days differ

ence between the time of planting in the southern part of 

the state and the time of planting in the northern part . 

Cool temperatuee and the large amount of 
- 36 -
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moisture made the germination of the seed very slow in the 

spring of 1915 . There are exceptions to this, for example 

at ruluth it took only 6 days for the corn to germinate and 

sprout but they had a week of dry hot weather immediately 

after the corn was planted . At Worthington we find the same 

condition but at Anoka the open sandy soil was p aps respon-

sible for the quick action of the seed. On University Farm at 

St . Paul it took 19 days for the seed to sprout, due to the 

low temperature and large amount of rain . 

The number of cultivations given the plots at the differ-

ent stations varied a great deal because of the poor condition 

of the soil . At Graceville and Crookston it was not cultiva-

ted at all - At orthington , Morris and Grand Rapids three 

oultivations were given - At St . Pa~l, aeeca and Anoka five 

oultivations were given . It is impossible to say whether the 

number of oultivations given had an effect upon the ultimate 

yield of tte orop at the different places but had eather con

di ions allowed all plots ould have secured the same number . 

According to Bulletin No . 149 of the Minnesota Experiment Sta

tion , the number of oultivations materially affects the yield 

per acre . Four cultivations proved the .ost profitable al-

though the yield from these plots was not qui te as high as 

from the plots getting six cultivations . 

lliat is termed as the average date of tasseling means the 

date on which over 50 percent of the total number of pI nts 

had tasseled . The plots at Anoka were the first to tassel due 

perhaps to the sandy 60il . At Crookston and Duluth the corn 

was heavily frosted before it tasseled. 

Only four stations out of ten show any records as to the 
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'rAELlt' NO.6. 

Date of Plaa~lag, 5ilking, Tasseling, Denting, D~te pla nts come up,Depth or Planting and Number of 
Culti?ations ~t the Trial Stations. 

~ ~- - - . ~ 

~~-. . --- ~ --~ --- --- - --

Grand 
'St.Paul 'Anoka 'Wasec a 'Worthington' Morris' Crookston' Duluth' Rapids 

Date of Planting. Ma y 18 ' May 24 ' Hay 13 ' May 15 ' Uay 24 ' May 25 ' June 5 May 24 , , 
Depth Planted. Inches. I 1/2 ! 2 ' ' I 1/2 ' 2 ' I 2 2 2 , 

( Ninn.No.23 ' June 6 ' May 29 ' M~y 31 ' t June 3 JUNE 4 May 22 
( , 

No No Date up. ( Uinn.No.13 • June 4 ' May 30 ' May 31 ' , . 
June 4 May 20 June 3 

{ I 
Notes Notes ( Silver King , June 4 ' May 31 ' May 31 ' May 20 June 3 June 4 
Taken Taken Number of Cultivations. 5 5 5 3 3 3 

( Minn.No.23 ' Aug. 9 , J'1.1y23 , Aug. 9 Aug. 5 Aug.I6 
Average Date ( 

, Aug. 14 I Aug.I3 of Tasseling. ( Minn.No·13 ,July 29 Aug.I3 ' Aug.23 ' 

~ Silver King , Aug. 15 , Aug.I6 ' Aug. 16 I Aug.23 ' ,July 29 
( 

( Minn.No.23 ' Aug. 13 
, 

Aug. 12 ,July 25 Aug. 5 , Aug.I6 ' 
AveIJage Date ~ lUnn.No.I3 ' Aug. 18 , Aug. 8 Aug.I6 13 I Aug.23 , Aug 

• of Silking. ~ Silver King , Aug. 19 I Aug.IO Aug.I9 ~ug.16 ' Aug.23 , 

( Minn.No.23 • Oct. IS ·Sept. 4 ' Sept.IO ' Sept. 7 
Average D~te ( 

( Minn. No.I3 • Oct. 10 ' Oct. 9 ' Sept.2I e Oct. I 
o! Dsnting. ( 

( Silver King • Oct. 10 ' Oct.IO • Sept.20 ' Sep).26 

, 



denting of any of the varieties . Both Worth i ngton and Waseca 

in the southern Section had some of all varieties reach the 

dent stage . AXioka and St . Paul were the only other stations 

to secure any mature corn . The time of denting was delayed 

until late in September or early in October at these places 

which is an extremely exceptional case . 

The season of 1915 was a very unfavorable one for corn , 

and in some localities light frosts occured every month . At 

Duluth the corn was killed on July 24th, at Grand Rapids a 

light frost touohed the crop on August 15th, and on September 

11th , a killin~ frost finished what plants were left by the 

earlier frosti Crookston 'as visited by a light frost on 

June 8th, and a killin~ frost on August 23rd . The Killing 

frost did not occur at Graceville until later but the ~eather 

was so cool durine August and Septeffiber that the corn did no t 

reach the dent stage . 

What might be termed as positive results were impossi -

ble under the conditions of the past season, but the results 

obtained show that environment is a very important factor i n 

the growth of this crop . 

The amount of precipit~tion at the different stat i ons 

~as sufficient for a norma~ cro~ , but the avera e temperature 

for the season was too 10 , i n fact it as the lo.est it has 

been since 1907 . At St . Paul the mean temperuture for the se,~ 

son of 1907 was 61 . 3 and in 1915 it was 61 . 1 as shown i n chart 

o . II . The effect of the low te~perature and lar e rainfalJ 

on the yield of corn is shewn in Chart No . II which also 

compares 1915 with the ten previous seasons . 

- ~ -
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Table No . 7 . 

Mean T~mperature and Rainfall for t~e months of May I June , 

July. AUfl'Ust Q.r.:.d September. 
' May I June T JulY , August TSeotember 
I--==~----~I--~~r-' --~I~~~~'----I~~~~---r=t ~~~~~ 

Local ity ' Temp l P.ain ' Temp . 'Rain ' Ter..!p : Rain ' Tem"C, ! Rain ' Terep .' Rai n 
, , II , I , I I 

4 . 63 159 . 2 ' 4 . 85' 64 .1' 5 . 42 162 . ' 4 . 30 ' 57 . 1 ' 3 . 61 
, f I , , t , I ~orthington ' 50 . 0 ' , , 

Waseca ' 51 . 5 ' 6 . 89 ' 64 . 2 '1. 48 ' 67 . 8 ' 7 . 44 ' 64 . 8 1 2 . 40 ' 60 . 5 ' 2 . 33 
, , , f , f , , , , 

St . Paul ' 52 . 2 ' 4 . 46 ' 62 . ' 4 . 78 ' 65 . 6 ' 5 . 96 ' 63 . 8 ' 3 . 38 ' 60 . ' 2 . 92 
, 1 , , , I , , , , 

Anoka ' 55.1 ' 3 . 98 ' 62 . 5 ' 4 . 91 ' 67 . 2 ' 5 . 92 ' 65 . 4 ' 3 . 49 ' 60 .7' 2 . 57 
, I , , , 1 , , , , 

~orris ' 56 . 3 ' 5 . 23 ' 59 . 7 ' 8 . 78' 65 . 2 ' 4 . 53 ' 64 . 8 ' 2 . 42 ' 57 . 9 1 2 . 47 
, , t , t t , , , I 

Duluth ' 44 . 2 ' 153 . 2 I ' 59 . 8 t f6l . 6 1 ' 55 . 6 ' 
, t , , , I t t, , 

GrandRapids t , 156 . 3 ' 7 . 78 ' 62 . 13 . 02 ' 61 . 8 ' 2 . 10 ' 55 . 2 ' 1 . 36 
, , , , ,It' , , 

Crookston ' 52.' 3. 06 ' 58 . 4 ' 8 . 01 ' 64 . 5 ' 2 . 98 ' 65 . 2 ' 1 . ' 56 . 4 ' 1 . 73 

The reason for the complete or partial failure of the corn 

crop in 1915 is sho\vn in Table o . 6, which gives lean Temperature 

for each mcnth nd in Table No . 7 , which gives the dates of the las t 

~rost in the spring and the first frost in the fall . The sta red 

(*) figures represent light frosts , and the others ki ling frosts . 

Table No .8. 

The Last Sprinr and the First Fall Frosts . 
, , ' Days 

Localitv , Snr inll 1 Fall ' Frost Free 

I~orthington , 
1 

'!hseca t , 
St . Paul , 

Anoka. , , 
Morris 1 

t 

Duluth t 

Grand Rapids ' 

Crookston 

Brainerd 

a 18 

June 9* 

ay 18 

ay 18 

June 9* 

May 19 

June 9* 

ay 18 

June 9* 

, 
I , 
, 
1 , , , , 
, 
1 , , 
t , , 
, 
t 

Oct . 4 

Au • 30* , , 
Oct . 4 

Oct . 4 

Oct . 5 

July 24 

Aug. 18 

Aug . 5 

Aug. 26 
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, 
, 
, 
, 
, 
, 
, 
1 , , 

139 

82 

139 

139 

118 

56 

70 

79 

78 



Tab le TO . 8 gives the lowest temperature for each month of 

the summer season at the different stations . From this one can 

plainly see that corn had ver little oh~~ce to mature at many of 

the localitiee . 

Table TO, 9-.-

Lo est Temuerature for each ·onth . 
, t t t 

Locality ay June 'July' August ' Seotember 

orthington t 27 

seca 

St . Paul 

Anoka. 

29 

29 

27 

28 

~~luth 27 

Gr nd Pap ids t 
t 

Croo ston t 29 
t 

~r?jDerd 36 

t , 
t 

t 

t 

34 

35 

36 

38 

34 

35 

29 

33 

31 

41 

45 , 
t 

49 

48 

44 

32 

38 

42 , 
43 t 

38 

35 

42 

39 

42 

26 

30 

31 

31 
t 

t 

35 

31 

39 

40 

36 

36 

30 

37 

35 

Accordin to the origin~l pl of the project, so11 t_mpera-

ture d t as to be taken and i1 hermometer ere sent to the 

trial station, but no d t .as the ed . The im ortance of soil 

temperature io reco ized and discussed in eneral y, but as 

no d ta a gathe ed it 1s imposs101e to i c it in s full a 

manner as the other clim tio elements ha e been di cu sed . 

2 - Hel-ht 0 lant • . 

The gro th of the different ie ie 1 of course, 

affected by hereditary tendenc·es sell s enviroDm_nt loon 1-

tiona , out ith the hereditary factors the seer 11 the plot 

of each v riety the dlfference in height s ho 

is dUB no doubt to environment 

I -
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Table No . 10 . 

Comparing Height of Plants at Trial Stations wi th Average Height 
at University Farm . Hei.zht e:x:preesed in inches . 

' Worth-' I St . ' Grand ' 5Yr . Av ' g.' 
Variety in.zton ' Waseca 'Anoka ' Paul ' Rapids ' atSt . Paul' 

, 't 

Minn . No . 23 66 60 68 62 54 74 , , 
Minn . No . 13 , 90 72 94 69 64 ' t 88 , 
Silver King 96 84 96 88 67 90 

The slight difference between the height of the Silver 

King and Minn . 23 at some of the places may be accounted for in 

the fact that the season of 1915 was very unfavorable for oorn , so 

th~t the large plants suffered more in their development from the 

adverse oonditione than did the smaller type represented by the 

Minn . No . 23 . 

The average of Minn. No . 23 at University Farm is 74 inches . 

Only one etation,namely, Morris was able to produce plants which 

equaled the average heigh t of the variety . The plants at orthing

ton were 12 inches taller than the plants at Grand Rapids . 

Mi nn . No . I3 at University Farm averages 88 inches in height , 

in I9I5 orthington a.nd Anoka produced plants with an average 

height over 90 inches . This showe again the tendency of the Anoka 

soil located as it is 115 miles north of .orthington , to produce 

plants of the same size i n a shorter gro ing season, as those 

produced at or thi ngton . 

Silver Ki ng plants at University Farm avera e 90 inches in 

height . In comp~ring this wi th the Silver King gro\vn in 1915 at 

the different stations , there is only one plaoe , namely , Torthington 

which had plants tha.t ',vould equal the normal hei?;ht of the 

variety . 
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3 - Height of Ear on the Stalk. 

The height of the ear on the stalk varies with the varie

ties and even within the varieties as has been shown by the 

Illinois Experiment Station. Smith, L. H. (36), at Illincis 

found that the plants which Nere selected for high ears also 

produced the highest stalks J ~nd that the low ear plants were 

the early m turing plants. 

Table No. 15 shows the average height of the ears 

of three varieties gr., m at the different ata tiona throughout 

the state . 

Table No . 11. 

ComQaring Height of Ear on Stalk at Trial,Sts,tio£s. 
I , , I 

Variet! ' \Vorthington ' Waseca. ' Anoka t 
, t Grand , 

St . Paul,Morris, Rapids ' 
t I t t , 

Minn. 23 
, 32 14 27 36 25 16 

.Unn . 13 , 44 27 t 43 39 47 25 

Silver 48 28 46 40 36 26 
King , t t 

, 
I 

, , , 
The variation in height of ear is not as great as 

the variation in the height of plant . A very peculiar cir

cumstance is shc~ in Table No. 11, in that the height of the 

eara at -aseca are very nearly the same as height at Grand 

Rapids . 

Again the results at orthington appear to be nearly 

the same as the average height cf ear at University Farm, which I 
shows the effect of climatic agents in delaying the growth at 

orthingtcn where ncr~ally larger plants ~re produced than at 

St. Pa.ul . 

The greater aver~ge height of plant at Anoka oa.n be 

accounted for by turning to Table o. 7, which gives the mean 
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temperature for the five Bummer months at the different sta

tions . With the exception of the month of June the mean tem

perature at Anoka was higher than any of the other stations . 

2 - Ear Characters . 

A very thorough study was made at Ohio, (48) as 

to the efiect of different ear characters on the yield . Very 

little difference was found between the yield from short ears 

and the yield from long ears, that is, within a variety . Taper

ing ears excelled cylindrical ears by 1.65 bushels per acre . 

This work was all carried on at ooster, Ohio. The effect 

that variations in environment would have on the ear characters 

was not considered . 

The variations of the different characters caused 

by environment is shown in Tables No . 12, 13 and 14 . The 

difference in the characters of inn. 23 at orthington and 

Morris is caused by temperature or precipitation because the 

90i1 at these places is the Carrington Silt Loam hich ould 

eliminate the soil factor. 

In looking over the score card of Minn . 23, some 

characters show only slight variation, suoh as, circumference 

of tip and butt, length of ear and circumference of cob . There 

is considerable variation in the weight of earj the seed ears 

averaged 145 . 5 grams and the crop produced in 1915 was lighte: . 

At one place, namely aseca, ears of half that wei ht were pro

duced . The corn at Worthington and Anoka averaged about the 

same while at St . Paul the ears were a trifle heavier than those 

produc d at aseca . The percent of moisture in the harvested 

corn was exceedingly high at every station . At Anoka it was 

just a few pOints below 50 percent and at the other three 
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places it was above 50 percent . The estimated moisture conten t 

of the seed being about 12 percent ) it can readily be understood 

that the precipitation of the season must have been exceedi ngly 

large . ~he large percent of moisture in the corn at time of 

harvest is responsible for the light weight of the 1915 crop . 

Comparing 

Table No . 12 . 

Score Card for Minn . No . 23 . 
the croV of 1915 with the ,Seed 
' Seed I 

Ears used . , 
Measurements 'Ears . ' Anoka t St . Paul t 

" t 
Waseca t Worthington 

I i 

Score Card Ave . , 79 . 67 ' 

Cir . 2 in . Tip ." , 
Cir . 2 in . Butt .' , 

4 . 7 

5 . 

6 . 22 ' 
t 

76 . 82 ' 

4 . 92 

5 . 08 f , 
6 . 17 ' , Length of Ear 

"e i gh t of Ear 

~ei gh t of Cob 

' 145 . 5 ' 115 . r 
I 

, 21 . 9 t 19 . 52 t 
t 

eight of 
Shelled Corn 

% Shelled Corn 

' 123 . 6 95 . 48 t 
t 

I 84 . 95 ' 83 . 03 t 

Cir . of Cob 2 in ! 
from Tip . I 

Cir . of Cob 2 in ! 
from Butt . I , 

% Moisture 

2 . 94 ' 

3 . 06 ' 
t 

2 . 92 ' 
t 

3. 27 t 

47 . 9 

69 . 00 

4 . 36 I 
t 

4 . 84 t 
t 

5 . 64 t 

78 . 92 ' 
t 

17 . 58 

60 . 35 t , 
77 . 72 t 

2. 98 t 

3. 58 ' 

69 . 50 t 

4 . 17 ' , 
4 . 56 r 

5. 13 ' 

71 . 37 ' 

13 . 07 ' 
t 

58 . 3 ' 
I 

81 . 79 t 
t 

2 . 73 t 

3. 73 ' 
t 

f 

57 . 67 r 54 .1 ' 

76 . 64 

4 . 47 

5 . 

6 . 05 

114 . 47 

21 . 35 

93.12 

81 . 35 

2 . 53 

3 . 47 

, 
f 

t , 
t 
t 

More variation is shown by all characters of linn . 13 

than i n Minn . No . 23 . At every station t~e circumference of the 

tips and butts ) the length of ear and the circumference of the 

cob were smaller than the same characters of the seed ears . The 

heaviest ears ,ere produced at Anoka, but they were only about 

one- third as heavy as the seed ear s . The percent of shelled 

corn to the ear was smaller in the 1915 crop than i n the seed . 

The mo i sture i n the seed ears di d not exceed 14 percent and in 

the 1915 crop i t went as high as 63 . 54 percent . 
- 45 -
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Table No. 13. 

Score Card for Minn . No. 13 . 
Comparing the crop of 1915 with the Seed Ea.rs used. 

, Seed' , I 

Measurements 

Score Card Average 

Cir . 2 in. from Tip 

Cir . 2 in . from Butt 

Length of Ear 

Weigh t of Ea.r 

We i gh t of Cob 

eight of Shelled Corn 

' Ears 'Anoka' St . Paul ' raseca , , 
, 81.65'70.18' 56 . 69 65.30 

4.78 5 . 57' 4.04 , 

6.23' 5 .5 , 
, 7 • 09' 5. 65 , , 
t 248 . '90.1 
t 

5.04 
I 

5 . 62 ' 4 . 78 
t 

5 . 72 5 . 

78.82 77 . 2 

, 35.6 '22.96' 22.98 t 20 . 8 
t , 

t 212 . 4 167.14 55 . 84 56.4 , 
Percent Shelled Corn 85 .65'74 . 52' 70 . 85 73.1 , 
Cir . of Cob 2 in. from Tip I 3.58' 3.30' 3.04 

f , 

Cir . of Cob 2 in.from Butt' 3.68' 3.74' 3.98 

Percent Moisture '52.71' 65.54 

3.58 

3 .93 

60.13 

, 
t 

t 

The Silver King varied more in a.ll respects than did the 

Minn . No . 23 and Minn . No . 13 . A greater variation is to be ex-

pected in ~ large variety from an adverse year. Such characters 

as circumference of tip and butt , and ler.gth of ear, de not show 

any more variation than the Minn . o. 13, but it does sho ~ere 

variation in weight of ear and perqent moisture . The weight of 

ear produced in 1915 a.t St . Paul and Waseca as approximately one

fourth the weight of the seed ea.rs . Ears of greater weight and 

lower moisture content ere produced at Anoka, due to some extent 

to the sandy soils because the temperature and precipitation wa 

about the same at Anoka as at St . Paul . The moisture content 

of the corn produced in St . Paul, as nearly as large as the 

percent of dry matter in the seed ears . 
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Ta.b1e No . 14 . 

Score Card for Silver King. 
Com£al'ing the croI;' of 1915 with the seed Ears used. , Seed 

, 
Measurements. , Ears . I Anoka 

, 
St • Paul 

, 
Waseca 

Score Card Avel'age I 83 . 48 , 76. 59 . 66 58 .5 

Cir . 2 in . from Tip . 6 . 23 5 . 85 , 5 .18 5 . 33 

eir e 2 in . from Butt 6 . 92 5 .82 t 5.76 5.89 

Length of Ear 8 . 39 6 . 23 , 5.74 5 .75 

Weight of Ear ' 345 . 85 , 166 . 28 , 85 .1 91 . 58 

.eight of Cob 
, 49 . 82 33 . 37 , 22 . 51 26 .16 

Weight of Shelled Corn ' 296.03 132. 91 63 . 59 65 . 42 I 

I 

Percent of Ste1led Corn f 85 . 6 79 . 98 , 73.55 71.44 t , 
Gir . 2 in . from Tip of Cob ' 3. 54 3 . 68 3 . 38 3 . 84 t , , 
Cir . 2 in . frem Butt of Co!> 4 .16 , 4 . 17 3 . 92 t 4 . 21 f 

1 

W~ ?JQ1!iiltyr~ 57 . 47 f 71.66 68 .42 t 

3 - Kernel Characters . 

Tah1e No . 15 gives the average size of kernel pro

duced at the different stations , and show a considerable variation 

in size character. 

Table No . 15 . 

, Com:t-aring s i r- e of kernels of 1915 crOD with the Seed used . 
I~.' t 

t Seed Kernels ' Anoka , "aeeca I St . Paul t 
Warietv t Len~th , Breadth ' Len~th , Breadth I Len~th I Breadth Len~th , Breadtht , 
~inn . 23 t , 
~Unn .13 f , 
Silver ' 
. KinEZ ' 

12 , 10 , 13 11 9 11 

o .., 13 8 I 11 8 10 

15 , 9 , 12 8 , 11 7 

.Size of kernels expressed in il11ffietres. 

Minn . No . 33 . 

11 

9 

, 11 

, 
, 
t 

9 

8 

9 

yery l itt le variation is shown in size of kernel of Minn.23. 
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At Anoka the kernels are a little larger than the seed kernels 

which brings out a gain the effect of the light sandy 60il . The 

t endency of this strain of corn is to produce kernels a little 

l onger than they are broad, but this condition was reversed at 

Waseca and the breadth is greater than the length. The seed ker

nels were made up largely of corneous (ha rd) starch . Anoka produced 

kerne ls of practically the same texture as the seed . At aseca and 

St . Paul the kernels produced are made up largely of soft (white) 

sta rch . 

Plate No . I. 

I. 

2 . 

3 . St . Paul 
2. 1915 4 . .a.seca 

5 . Porthington - 1915 . 

Plate No . I , shows repr~ sentative sam~ les of the seed 

used and the 1915 crop as produced at the different sta tions . The 

dif f erence in size of kernel is shown very clearly , .ith Anoka 

producing the largest kernels of prac t ically the same texture as 
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the seed. The difference between the size of kernels from Anoka 

and St . Paul is noticeable and undoubtedly due to the soil l as 

the r e is very little difference in the action of the clirr.atic ele

ments at these places . 

Minn . No. 13. 

The variation in size of kernel was in the same proportion 

at the different stations as the Silver King. Although the kernels 

were nearly up to standard in length and bl'eadth l they lacked plump

ness . The corn from Anoka had a high percent of corneous starch 

but that produced at St . Paul and aseca was made up largely of 

soft starch . The size of the germ varies with the size of the ker-

nels . 

1. 

2 . 

3 . 

] . Seed Used 
2 . Anoka 

Plate No . 2. 

The variation in size of kernel is shown in Plate o. 2 , 

which 1s a photograph of representative samples of the seed used l 
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and the 1915 crop from the different stations. The kernels from 

Anoka were a trifle smal l er than the seed used but they were plump 

and well filled, while the kernels produced at St. Paul are not 

only smaller, but they are not well filled, nor do they have good 

texture. A peculiar thing was noticed in the Minn. NO. 13 pro

duced at St. Paul - a number of kernels withou t germs were found 
. 

on different ears. The three kernels on the right of the St. Paul 

gr oup in Pla te No.2, have no germs at all. 

1. 

2 . 

"Z v • 

* . 

Plate No.3. 
Silver KiI,lg. 

,.,iV""" 
~~ -V" ",,9 --: '\ ' ~ ¥ " W" • , 

~ ,'tt' ",p, 
, ~f}"""" ",' • . ~ 9~; .. ' e-

""' .., 41 ' . . • 
1. Seed Ueed - 10 14 3. St. Pa-l - 1915 
2. Anoka - 1915 4. aseca - 1915. 

i ti sho by the kernel char acters The.e is more var a on 

of Silver King than is shown by tnn. No. 23 and inn. o. 13. The 

seed kernels averaged 15 millimetres in len th and 9 millimetre 

in breadth at the broadest point. Although the measurements of 
not much a~a11er than the seed 

the kernels indicate that they are 
in that the thiokness of the 

kernels, the figures are dec~i5an~~~========~~~~====~~====== 
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climatic coniitions are ne~rly the 9a~e . 

3 . The ?reatest fluc~~ations 8e3m to cccur in 

mp+-ter :nd the moisture content of the e r . 

7 . There is more varia~ion in the e:-tu~e of ~~e ke.nels than in 

size ch~~acter3 . 

- 52 -



BIBLIOGRAPHY. 

I. Abbe~C1eveland . 
1905. Relation between Climates and Crops. Weather 

Bureau Bulletin No. 36. 

2. Arctowski~H. 
1912. Studies on Climate and Crops. Am.Geogr.Soo. 

Bulletin,(44),I912~pp.745. 

3. Bouqoucos,G.J. 
1913. An Investigation of Soil Temperature and some 

of the most important Factors Inf1uenoing it. 
Michigan Technical Bulletin No.I7. 

4. Bowman, M.L. 
1908. Book on Corn. 

5. Briggs,L .J. and Belz,J.O. 
1910. Dry Farming in Relation to Rainfall and Evap

oration-. B.P.I .Bul1etin fio.I88. 

6. Briggs,L.J. and Shantz,H.L . 
1913. Relative ater Requirements of Plants. B.P.I. 

Bulletin No.284. 

1914. Relative ater Recuirements of Plants . B.P.I. 
Bulletin No .285. -

7. Bull, C.P. 
1915. Relation of Cultivation to Yield and Character 

of Corn. Minn . Bulletin No.I49. 

8. Clements, F.E. 
1907. Plant Physiology and Ecology. 

9. Davy, J.B. 
1909. Climatic Requirements of Maize . Transvaal 

Agr. Journ~1,lo.27. 

10. Ewing, E.C. 
1910. Correlation of Char cters in Corn. Cornell 

Bulletin No.287. 

II. Fortier, S. 
1903. Tests to Determine the Actual Yield of Grain 

Crope under Field conditions hen Supplied 
with different amounts of ater. ontana 
Exp . Station Report,I9~3. 

12. Foster, L. 
1890. Length of Growing Season. South Dakota Exp. 

Station Report,I890,p.I3. 

13. Frear, • and Cald ell, .H. 
1889. Relation of Meteorlogical Conditions to Develop-

ment of Corn. Offioe Exp.Statlon Report,I889. 
~':t -



14 . Hartley,C .P . 
1910 . Corn Cultivation . Farmers Bu.lletin No. 414 . 

15 . Hun tJ.ey~ F . A. 
1894 . Corn Culture . Colorado Bulletin No . 6 . 

16 . Jardine , W.M. 
1906 . Arid Farming Investigations . Utah Bulletin No . IOO . 

17 . Johnaon , S .W. 
1870 . How Crops Feed,p . 2I6 . 

18 . Jost , L. 
1907 . AS3imilation of Carbon by Autotrophi c Plants , 

Plant Physiology,pp . I02- I32 . 

19 . Kiesselbach , T. A. and Montgomery,E .G. 
1910 . The relation of Cli latic Factors to the ater used 

by the Corn Plant . Neb . Agr . Exp . Station Report for 
I9IO , pp . 9l- I07 . 

20 . King, F . H. 
1901 . The Amount of Water required by Plants . Physics of 

Agriculture , p . I39 . 

21. Ladd , E . F • 
I90!. Climatic Studies ~ith ~eat , Oats and Corn . orth 

D~kota Bulletin No . 47 . 

22 . Leathe r , J •• 
1910 . ater Requirements of Crops in India . Dept . A~r . 

Indie , Chemical eries,Vol . I,lo . 8 . 

23 . LeClerc , J . A. and Leavitt , S . 
1910 . Tri- I.ccal Exp rimente 0:1 the Influence of EnViron

ment on the Composition of eat . Bureau of Chern . 
U.S . Dept . Agr . Bulletin No . l2B . 

24 . Lehenbauer,P . A. 
1914 . Gro th of {aize Seedlin s in Relatio:1 to Temperature . 

Physiological Re68arche6 , ~0 . 5,I 14 . 

25 . Livingeton,B .E. and Livingston , G. J . 
I9I3 .. "~ a tur Coe f i· • P eo ,r p.:: 

~liLa 010 v . Eot .~a . 56 : 3 9-~j 5 . 

26 . Lyon , T. L. 189B . Effect of Certain ethods of oil Treatment Upon 
the Cern Crop . ebraska Bulletin No . 54 . 

· • 27 . McClatchi e , H. J . 1904 . Study of Effect of Different Factors on Crops of 

28 . 

Region . Arizona Bullet i n No . 48 

'ont go ery , E. G. 
190B . Crop Production under Humi d ~ld Dry Con r 1t10ns . 

B.P . I .Bulleti n No . I3 , p . 43 
- 5 = 



39 . 

1910. Relation of Climatic Factors to the Water used by 
the Corn Plant . Neb.~xp . Sta.Report,I91e,pp . 91-IO? 
Kiesselbach,T.A . 

1912. Studies in Water Requirements of Corn . Nebraska 
Bulletin No.I88 

N er;m:an, C . L • 
1899 . The Compa rative Yield of Corn from Seed of the 

Variety grown in different latitudes. Arkansas 
Bulletin No . 59 . 

same 

30 . Patten,H.E . 
1909 . Heat Transference in Soils . U.S . Dept . Agr.Bureau of 

SOils,Bulletin No . 59 . 

3 I. Sachs, J • V • 
1882. The Physiology of Plants , p.300 . 

32. Schweitzer , P . 
1889 . SOil,Vieather,Field Trials ith Corn . lv.lss0uri Bull-

etin No . 5 . 
1889 . Study and Life History of Corn at its Different 

Periods of Growth . Jl.iseouI'i Bulletin No.9 . 

33 . Sha',\T,G . iL and ~alters,E.H. 
1911. Soil and Climatic Factors Influencing the Composi t

ion of I eat . California Bulletin No.2IS . 

34 . Shepperd,J .H. and Ten Eyck,A . • 
1902 . Corn Culture . North Dakota Bulletin No.51 . 

35 . Smith, J . 
1903 . Relatjon of Precipitation to Yield of Corn . 

Yearbook 1903, •. 8I5 . 

3S . Smith,L . H. 
1908. Effect of Selection on Physical Charac~ers of Corn 

PlLnt . IlJinois Bulletin No . IaS. 

3? Straughn , . N. and Church,C . G. 
1909 . Influence of Environmnt on the Composition of 

. eet Corn . Bureau of Chemistry,Bulletin o . I?? 

38 . Sturtevant,: . L. 
1889 . Influence of Temperature an oistur on Germinaticn . 

Cornell Bulletin No . ? 
I885. Germination Te3ts . New York St~tion Report I885. 
1894 . Notes on K,ize . Torrey Bot . Club,2I,I894, o.8 .p.319. 

39 . Tracy,S .M. 
1898. Time of Planting Corn . F~rmero Bulletin 0.81 . 

40 . Vooheea , E.P. I911 Rel~tion of Tempe ature ald Rainfall to Crop Systems 
• and Production. Eennessee Bulletin No . 9I . 

- 5~ -



41. I all ) E.. . P . 
I~05 . nflDe~ce of ~ize of ~r~in ~d Germ of Corn on the 

Plan~ . aryltna Bulletin Wo . IOe . 

L fh . ... A '0 • P 1, ')-, _ 1 fJ on) lJ. • a na ~ ~,r_ er ) . .t<, • 

1£'12 . el,- tion of Clima:::;e '0 <'oi l. 'r 16eo sin Bulletin 
No . ; 23 d) · 65 . 

43 . hitr:eY J 1 . and CmB:1."on)~ . K. 
r903. Chel iatry of C'oils ~8 el~te~ to Crop Production . 

Bu:oeau of Cloile Fulle"tiin 10 . 22 . 

44 . Wieener/F . 
ffeet o~ Lif~~ upon Tran piratio~ . "oodale 

)P:t;-C'!iolo~icel Bot-n-T;n . 2 7-2'18 . 
I=: Wl" t T ~ • ... _ . soe,v •. 

Ie . 1~~ir tiOD Investiga~ions . U~ah Bulletin .0 . IC5 and 
H'a rn.ere E"J.ll t in No . 4.35 . 

46 . f"ldst oe} J . A . and .lcLe:.lg~l in) . V! • 
Iw03 . T.e igh~ BY to rrrig8~e . ulletin No .8 ,p .bc . ' 

:7 . Vile:;) ' . ' . 
r9c T. ro~nositicn o~ C6~n . Yearbook I w CI ; p . 299 . 

8 . 'Willi_x} . G. an elton}F . "d . 
I90.... . qtud/ of Bar [' .' t rs i their "':;" tion to Yi ld . 

Ohio Bulletin o . ~I2 • 

. ~ . ollnY JE • 
I87? Relation of 'ave~ to '01 's. e ~e~ Bureau Bu etin 

~0 . 3Q ) p . I25 . 1 n, ,~ . .. 2tsO) . c<c-

- 56 -


	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059

