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SUMMARY. 

These experiments were conducted at Garden City in 1916 and 1917 and at  
Manhattan in 1918, 1919, and 1920,  to  ascertain the relative water requirement 
of some of the more common varieties of corn and sorghum when grown under 
similar environmental conditions and to find whether there is any definite re- 
lationship between the water requirement of these plants and their ability to  
withstand drought. 

A summary of the water requirement for the five seasons is given in Table I. 

Considering the average water requirement of Kansas Orange sorgo as 1, 
the average water requirement of the plants grown at Manhattan in 1918, 1919, 
and 1920 would be as follows: Red Amber sorgo, 1.02; White milo, 1.03 ; 
Dawn kafir, 1 .08 ; Blackhull kafir, 1.08; Dwarf milo, 1.10; Acme Dwarf Broom- 
corn, 1.10; feterita, 1.19; Sherrod White Dent corn, 1.21; Pride of Saline corn, 
1.26; Freed White Dent corn, 1.31; Freed sorgo, 1.33; Kansas Sunflower corn, 
1.35 ; Sudan grass, 1.37; Reid Yellow Dent corn, 1.40. 

The relative value of the water requirements of the plants grown at Garden 
City in 1916 and 1917 was as follows: Blackhull kafir, 1 ;  Dwarf milo, 1.01; 
Dawn kafir 1.02; feterita, 1.18; Sherrod White Dent corn, 1.21; Pride of Saline 
corn, 1.31 ; and Sudan grass, 1.34. 

The results of these experiments indicate that there is little or no relation- 
ship between the water requirement of plants and their ability to produce a 
yield of grain in agricultural practice under conditions of limited and uncer- 
tain rainfall. 
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RELATIVE WATER REQUIREMENT OF CORN 
AND SORGHUMS.1

E. C. MILLER.
INTRODUCTION. 

During the past seven years a physiological study has been made 
of the water relations of several varieties of corn and sorghum. In
connection with other experiments, it  was thought advisable to de- 
termine the water requirements of these plants. The term water re- 
quirement as used in this discussion means the ratio of the number 
of units of water absorbed by the plant during its growing season to 
the number of units of dry matter produced by the plant, exclusive 
of the roots, in that  time. The preliminary work of the water-re- 
quirement determinations, made by the writer during the growing 
seasons of 1914 and 1915 a t  Garden City has been reported pre- 
viously (Miller, 1916). The data herein reported were obtained at
Garden City in 1916 and 1917, and a t  Manhattan in 1918, 1919, 
and 1920. 

It is not the intention to discuss the various factors which influ- 
ence the water requirement of plants, but to consider only the be-
havior of the different varieties in question when grown under simi- 
lar conditions. The literature concerning the various factors that  
influence the water requirement of plants has been thoroughly dis- 
cussed by Briggs and Shantz (1913 and 1914) and by Kiesselbach 
(1915). 

EXPERIMENTAL METHODS. 
THE METHOD OF GROWING THE PLANTS.

The plants were grown in large metal cans constructed from 22-
gauge galvanized iron. These cans had a height of 26 inches and a 
diameter of 15 inches and contained under the conditions of the ex- 
periments from 280 to 290 pounds of soil. Sandy loam soil obtained 
from the surface foot of the soil of a cultivated field was shovelled 
from its position in the field upon a one-fourth inch mesh screen 
and at once worked through into the cans and thoroughly tamped. 
The soil in all the experiments was in good tilth but its moisture. 
content necessarily varied from year to year. The per cent of
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moisture and the wilting coefficient of the soils used during each 
growing season were as follows: 

Year. 
1916 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18.1 1 1 . 1  
1917 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22.1 1 1 . 1  
1918 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22.9 14.7  
1919 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23.0  13.8 
1920 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21.0 13.8 

Per cent of moisture Wilting coefficient 
in soil. of soil. 

The cans were provided with metal lids which were sealed with 
ordinary binding tape made water proof by applying a heavy coat 
of shellac or varnish after it was in position. Circular openings, 3.5
inches in diameter, were made in the metal lids of the cans to ac- 
commodate the plants. The number and position of these openings 
varied acording to the number of plants grown in each can. (Figs. 
1 and 2.) In  the experiments with corn, only one plant was grown 
in each can, as the preliminary work of 1914 and 1915 had shown 
that  such a limited amount of soil was insufficient t o  grow a greater 
number to maturity. The number of sorghum plants grown in each 
can in 1916 and 1917 varied from one to three as shown in Table II.
I n  1918, 1919, and 1920 two plants of the dwarf varieties of sor- 
ghums were grown in each can, while in the case of the standard sor- 
ghum varieties the number was limited to one plant per can. In  all 
cases the volume of soil was large enough to furnish sufficient nu- 
trients to grow the plants to normal maturity. This fact is well 
shown in  the case of Blackhull kafir in 1916. Table II shows that 
the water requirement for this variety of sorghum was practically 
the same when two plants were grown in each can as when only one 
was grown. 

The seeds were planted in the soil in the openings of the cans and 
after they had germinated the young plants were gradually thinned 
to the desired number. As soon as the plants had emerged sufficiently 
from the soil, the openings in the lids of the cans were made water 
tight by sealing them with a mixture of approximately 20 parts, by 
weight, of beeswax to 1 part of Venetian turpentine. This mixture 
makes  a very efficient seal for this type of experimental work since 
it retains its solidity during hot weather, if properly protected, and 
is pliable enough to permit the extension of the growing plant stems. 
It was found necessary to protect the wax seals and the lids of the
cans from the heat of the sun until the plants were sufficiently large 
to shade these parts. This protection was provided by two layers 
of burlap over the wax seals and by a single thickness of the same 
material over the lids. 
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METHOD OF WATERING THE PLANTS. 

One of the greatest difficulties experienced in growing plants in 
soil in large containers is to  replace evenly throughout the soil the 
water that has been removed by the plants. In  these experiments 

the following watering device, which is a modification of that  used 
by Briggs and Shantz (1913), proved to  be a very efficient method 
for distributing the water evenly throughout the soil mass in the 
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cans. A more or less cone-shaped mass of soil 6 inches in diameter 
and 15 inches in depth was removed from the upper portion of the 
container. From the bottom of this cavity, a hole 1.5 inches in di- 

ameter was made to the bottom of the can by means of a soil tube. 
The entire cavity was then filled with coarse sand to within 5 or 6
inches of the top of the can. A 5-inch clay flower pot with the 
bottom removed was placed directly on top of this sand so that  the 
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rim of the pot was flush with the metal lid of the can. An inch hole 
in the lid of the can was directly over each flower pot. 

When two or three plants were grown in each can, as in the case 
of the dwarf sorghums, one watering device only was used and this 
was placed in the center of the can as shown in figure 1.  When but 
one plant was grown to  each can, as in the case of corn and the large 
sorghum varieties, three such devices were used and were distributed 
around the border of the cans as shown in figure 2.

The amount of water removed from the cans by the plants was 
determined every 48 hours by the weighing method described by the 
writer (1916). The water thus lost was replaced by an equal volume 
which was poured by means of a funnel into the watering device de- 
scribed above. The soil of the cans was thus kept approximately at  
a constant moisture content during the growing season. This 
method of watering seems also to be a very efficient means for the 
aeration of the roots since the root systems were evenly distributed 
throughout the soil and showed very little tendency to  collect be- 
tween the soil and the inner surfaces of the cans. 

METHOD OF PROTECTING THE PLANTS. 

The plants were grown within a screened shelter in order t o  pro- 
tect them from hail and from birds during the period of grain forma- 
tion. The enclosure was 12 feet high and of sufficient lateral dimen- 
sions t o  accommodate all of the plants grown. It consisted of a 
framework of 2 by 4 studding spaced 3 feet apart and covered on 
both top and sides with wire netting. The netting used a t  Garden 
City had a one-fourth inch mesh while that  used for the enclosure 
at Manhattan was of one-half inch mesh. The enclosures at both 
stations were surrounded by crops of corn and sorghum growing un- 
der field conditions. At Garden City the cans were placed upon the 
surface of the soil within the enclosure so that  the plants growing in 
these cans were elevated approximately 2 feet above those growing 
in the surrounding field. I n  order to  break the force of the severe 
winds prevalent in that  region, cheese cloth was placed around the 
sides of the enclosure to a height of 4.5 feet. At Manhattan the soil 
within the enclosure was excavated t o  a depth of 2 feet, so that the 
plants growing in the cans were on a level with those growing in the 
field and were thus protected from the force of the wind by the sur- 
rounding plants in the field. The evaporation inside of the en- 
closure at Garden City was one-third less than that  in the open field 
as measured by Livingston porous-cup atmometers, while in the en- 
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closure at Manhattan the evaporation, measured in the same man- 
ner, was only one-fifth less than that  in the open field. 

The plants grown in these enclosures were placed, so far as light 
intensity was concerned, under somewhat abnormal conditions and 
the water requirement thus obtained might differ considerably from 
that of plants growing in the field. The purpose of these experi- 
ments, however, was to make a comparative study of the water re- 
quirement of the different varieties of plant's growing under the same 
conditions. The relative water requirement is probably affected 
little if a t  all by the shading due to an enclosure of this kind and 
the shelter seemed to offer the only reliable method for studying the 
relative water requirement of these plants under the condition.: ex-
perienced in this region. 

CLIMATIC DATA. 

Since the water requirement of plants is influenced primarily by 
the weather conditions prevailing during their growing season, the 
general climatic conditions under which the plants in these experi- 
ments were grown are important. The total evaporation from a free 
water surface and the total rainfall for each month during the grow- 
ing seasons of 1916 and 1917 at Garden City and of 1918, 1919  and 
1920 at Manhattan were as  follows: 

. , 
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DISCUSSION OF EXPERIMENTAL DATA.
DESCRIPTION OF PLANTS. 

Two varieties of corn, Sherrod White Dent and Pride of Saline, 
and fine varieties of sorghum, Dwarf milo, Blackhull kafir, Dawn 
(Dwarf Blackhull) kafir, Feterita, and Sudan grass were grown dur- 
ing the seasons of 1916 and 1917 a t  Garden City. In the experi- 
ments a t  Manhattan in 1918, 1919, and 1920, five varieties of corn 
and ten varieties of sorghum were grown. The varieties of corn used 
were Pride of Saline, Sherrod White Dent, Freed White Dent, Kan- 

sas Sunflower, and Reid Yellow Dent. The sorghums grown were 
Blackhull kafir, Dawn kafir, Dwarf milo, White milo, Feterita, 
Acme Dwarf broomcorn, and Sudan grass of the non-saccharine 
varieties, and Red Amber, Kansas Orange, and Freed sorgo of the 
saccharine varieties. 

The plants grown were normal in regard t o  vegetative growth and 
yield of grain since in these respects they were the equal of the plants 
growing under favorable conditions in the surrounding fields. The 
lower leaves of the plants remained green and intact until harvest 
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time and did not wither and drop off as in the case when plants are 
crowded in pot cultures. 

Figure 3, which represents Blackhull kafir a t  the time of “boot- 
ing,” illustrates the healthy vegetative condition of the plants, while 
an idea of the grain yield of this variety of sorghum can be obtained 
from figure 4.  The corn plants reached a height of 6 to 10 feet de- 
pending upon the season or the conditions under which they were 
grown, and produced a normal yield of grain. Figure 5 shows the 
average size of ears produced by Sherrod White Dent corn  at  Man- 
hattan in 1919. 
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The detailed data concerning the various plants are tabulated in 
Table II which may be consulted for the individual record of the 
plants, for the production of dry matter, and the water requirement. 
The probable error of the mean was calculated by Peter’s formula 
based upon the sum of the departures.2 The water requirements of
the various varieties are contrasted in Tables II to V.

IET n/a




IET n/a




IET n/a




IET n/a




IET n/a




IET n/a




IET n/a




IET n/a




IET n/a




IET n/a




IET n/a




IET n/a




IET n/a




IET n/a




IET n/a




IET n/a




IET n/a




THE WATER REQUIREMENT OF SORGHUMS. 

In  considering sorghums the most striking fact is the wide differ- 
ence between the lowest and highest water requirement of the varie- 
ties studied.  Sudan grass had the highest water requirement of any 
of the sorghums grown in these experiments For the three seasons 
at Manhattan the water requirement of this crop averaged 353, 
while for the two years a t  Garden City its average was 375. Kansas 
Orange sorgo with an average water requirement of 257 was the 
lowest in the list of the 10 varieties grown during the three seasons 
a t  Manhattan. Daring the two seasons a t  Garden City, Blackhull 
kafir with a water requirement of 289 stood the lowest in the list of 
the five varieties grown in that  location. The difference between 
the highest and the lowest average water requirement of the sorghum 
varieties was 96 for the plants grown at Manhattan and 87 for those 
grown at Garden City. From Table III it is seen that the average 
water requirement of Sudan grass was 1.37 times that of Kansas 
Orange sorgo a t  Manhattan and 1.34 times that of Blackhull kafir, 
the plant with the lowest water requirement a t  Garden City. These 
differences between the maximum and minimum average water re- 
quirements are equivalent t o  0.85 and 0.93 of an acre-inch of rainfall 
in the production of a ton of dry matter for the two plants in ques- 
tion at  Manhattan and a t  Garden City, respectively. 

It has been observed that  the sorghums grown in these experi- 
ments may be placed in fairly definite groups based on the value of 
their water requirements. I n  Tables IV and V little difference is 
seen between the water requirement of Kansas Orange sorgo, Red 
Amber sorgo, and White milo and if the probable error is taken into 
consideration the differences are of no significance since their values 
are approximately equal to  the probable errors. Blackhull kafir, 
Dawn kafir, Dwarf milo, and Acme Dwarf broomcorn fall into an- 
other group that  is distinct in regard to the water requirement. The 
differences between the water requirements of these four varieties 
are of no significance when we consider the probable errors in the 
case. The water requirement of this group, however, is distinctly 
and significantly higher than that of the preceding group and strik- 
ingly lower than that of feterita, Freed sorgo, and Sudan grass. The 
last two plants have the highest water requirement of the sorghum 
varieties considered in the experiment, while feterita occupies an 
intermediate position between the sorghums with a relatively low 
water requirement and those with a relatively high water require- 
ment.
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THE WATER REQUIREMENT OF CORN. 

At Manhattan the lowest average water requirement was 312 
(Sherrod White Dent.) and the highest was 361 (Reid Yellow Dent ) .  
This makes a difference of 49 between the highest and the lowest 
mater requirement for corn, a difference approximately half of that  
between the two extremes for the sorghums. At  Garden City only 
Pride of Saline and Sherrod White Dent were grown and in both 
years Sherrod White Dent had a water requirement significantly 
lower than that  of Pride of Saline, but a t  Manhattan there was no 
significant, difference in the average water requirement of the two  
varieties. At  Manhattan the average water requirement of Sherrod 
White Dent for three seasons was significantly lower than that of 
Freed White Dent, Kansas Sunflower, or Reid Yellow Dent. The 
differences in average water requirement of Freed White Dent, Kan- 
sas Sunflower, and Reid Yellow Dent were of no significance when 
the probable error of these differences was taken into consideration. 

RELATIONS OF THE WATER REQUIREMENT TO CROP PRODUCTION
IN SEMIARID REGIONS. 

It is interesting to note the relationship between the water re- 
quirement of plants and their ability to  produce a crop of grain in 
regions subject t o  drouth conditions during the growing season. In 
actual agricultural experience Freed sorgo, Dwarf milo, White milo, 
and feterita have been found to be the most reliable sorghums for 
grain production under the climatic conditions in western Kansas 
and the southern portion of the Great Plains area. These plants 
produce a grain crop under conditions in which corn and other sor- 
ghums fail entirely in grain production. 

From Table III it is seen that  the water requirements of these four 
plants differ widely. Freed sorgo has an average water requirement 
30, 23, and 12 per cent higher, respectively, than that of White milo, 
Dwarf milo, and feterita, while feterita has an average water re- 
quirement for five seasons 12 per cent higher than that of Dwarf 
milo. 

Dawn kafir, Red Amber sorgo, and Sudan grass are next to the 
above-named group in the certainty of grain production under con- 
ditions of drouth. Red Amber sorgo is one of the lowest sorghums in 
the list in regard to its water requirement while for five years Sudan 
grass has had the highest water requirement of any of the corn or 
sorghum varieties studied with but one exception, and in that case 
the difference is of no significance when the experimental error is 
taken into consideration. The average water requirement of Sudan 
grass was 29 per cent higher than that of Dawn kafir and 35 per 
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cent higher than that of Red Amber  sorgo. Kansas Orange sorgo in 
the three years a t  Manhattan had the lowest water requirement of 
any of the plants studied but in actual farming practice it is one of 
the least reliable of the sorghums for the production of a crop of
grain under conditions that  prevail in western Kansas and in the
southern portions of the Great Plains. 

Sherrod White Dent corn had a water requirement significantly 
lower than that  of all of the varieties of corn with the exception of 
Pride of Saline a t  Manhattan. It is an early-maturing corn and is 
one of the most reliable varieties under conditions of drouth. It is 
worthy of note that its water requirement is approximately the same 
as that of feterita and much lower than that of Freed sorgo and 
Sudan grass. 

The results of these experiments show that  there is little or no re- 
lationship between the water requirement of a plant and its ability 
to produce a crop of grain under severe climatic conditions during its 
growing season. It must be considered, however, that the plants in 
question were grown during the entire season in a soil that was sup- 
plied with an amount of moisture sufficient for optimum growth. 
What the water requirement of these plants mould be if their water 
supply were limited during all or part of the growing season has not 
been determined. 

It would appear, however, that  a short growing season, a small 
leaf surface, and an efficient absorbing  system are more important 
factors in determining the maturity of a crop in regions of limited 
or uncertain rainfall than the relationship between the amount of
water evaporated and the amount  of dry matter produced during 
the growing season. The dwarf varieties of sorghums possess these 
characteristics in a marked degree. On account of their quick 
growth and maturity, they can escape a portion of severe weather. 
During severe climatic conditions, their small leaf surface prevents 
a large loss of water by evaporation while their extensive root sys- 
tems (Miller, 1916) keep the aerial parts supplied with the water 
necessary for growth or a t  least with an amount sufficient to prevent 
the death of the parts until more favorable conditions arrive. These 
facts are well illustrated in the case of feterita and Freed sorgo 
which have a relatively high water requirement. These plants have 
long internodes and develop comparatively few leaves and although 
the amount of water lost during the growing season is relatively high 
compared to the amount of dry matter produced, the amount of 
water evaporated by each plant during any given period of time is 
small and is quickly replaced by an elaborate root system. 
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CONCLUSIONS. 

The purpose of these investigations was to  study relative water 
requirement of corn and sorghums when grown under the same en- 
vironmental conditions and to determine whether there was any re- 
lationship between the water requirement of these plants and their 
ability t o  produce a crop under conditions of limited and uncertain 
rainfall during their growing season. The experiments during five
years show the following facts: 

1. Water requirements of the different varieties of sorghums vary 
greatly. The difference between the lowest and highest water re- 
quirement amounted to 37 per cent or the equivalent of 0.85 of an 
acre-inch of rainfall per ton of dry matter produced. 

2. Water requirements of the varieties of corn studied showed 
less variation than did the sorghums. The difference between the 
lowest and highest water requirement amounted to only 19 per 
cent, or the equivalent of 0.43 of an acre-inch of rainfall in the pro- 
duction of a ton of dry matter. The water requirement of two of 
the sorghum varieties was as high or higher than that of any of the 
five varieties of corn. 

3. There is no relationship between the water requirement of a 
plant and its ability to withstand drouth conditions. Some of the 
plants that agricultural practice has shown t o  be the most reliable 
in the production of a grain crop under conditions of drouth have a 
water requirement much higher than those which are known to fail 
frequently under the same conditions, while some of the plants that
are the most unreliable in the production of a crop under severe 
weather conditions have the lowest water requirement of any of the 
plants studied. 
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