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North Dakota fa rmers need more and 
bet ter corn for feed fo r livestock. In the 
Nor thern Plains, normally low rainfall 
dur ing the growing season greatly limits 
corn grain production. Reports of studies 
in the corn belt have shown that mois-
ture, stage of harvest, and tillage can 
change the composition and quality of 
corn (2, 3). In the Nor thern Plains, re-
ported data indicate yield increases of ten 
result f r om fertilization and supplemen-
tal water (1). This paper reports the 
yields and nitrogen (N) absorption by 
corn in relation to water supply under 
dryland conditions in western North 
Dakota. 

METHODS 

. Field trials were conducted on a silt 
loam at Mandan, North Dakota f rom 
1959 to 1961 to determine the influence 
of plant populations, ni trogen and phos-
phorus fertilization and moisture supply 
on corn growth and nutr ient uptake un-
der dryland conditions. Each year the 
experiment was conducted on the same 
site (a residual carryover of N was pos-
sible in 1960 and 1961.) 

In 1959 and 1960, variables included 
in these experiments were two levels of 
soil moisture at planting, along with 
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th ree rates of nitrogen — 0, 40 and 80 
pounds of N per acre — and two plant 
populations — 10 and 20 thousand plants 
per acre in 1959, and 7 and 14 thousand 
plants per acre in 1960. Phosphate was 
applied on all plots in 1959 only. In 
1961, the tr ial included two moisture 
levels at planting and four plant popu-
lations — 5, 10, 15 and 20 thousand 
plants per acre. In 1961, 40 pounds of 
nitrogen were broadcast and plowed un-
der on all plots. 

Different soil moisture levels at plant-
ing were established by preplant irriga-
tion. Soil was wet to 4 feet for the high 
moisture level. At planting the average 
available soil moisture in the "wet" plots 
was 6.3, 5.6 and 6.2 inches in 1959, 1960, 
and 1961, respectively. Dryland plots 
contained about 3.6, 1.0, and 1.4 inches 
of available soil moisture in 1959, I960, 
and 1961, respectively. No irrigation was 
added a f te r planting. In all years row 
spacing was 42 inches. 

N content of grain and stover (stalks, 
leaves and cobs) was determined sepa-
rately in 1959 and 1960. N uptake of 
whole plant is a summation of N uptake 
f rom grain and stover. Grain yield is 
based on shelled corn at 15.5 per cent 
and silage at 70 per cent water. An adap-
ted 86-day hybrid was used in all years. 

RESULTS 

Data f rom the trials indicate the sig-
nificance of total available water to 
yields of corn f o r a g e , grain, and riitro-

4-



gen uptake. Total available water is the 
amount of moisture stored in the soil at 
planting plus rainfall during the growing 
season. Nitrogen uptake is the product of 
N content times dry matter yield. 

The effects of high and low (natural) 
soil moisture at planting on corn growth 
are shown in figure 1. Higher moisture at 
planting resulted in higher yields. Statis-
tical analyses of the data showed that 
variations in available water at planting 
accounted for 98 per cent of the variation 
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Figure 1. Relation of corn yields to total avail-
able water in the growing season. (Values 
represent mean of al l fer t i l i ty rates and popu-
lation for 1959-1961.) 

in silage yields and 87 per cent of the 
variation in grain yields. In 1959 and 
1961, seasonal rainfall was below normal. 
Corn planted on soil with little stored 
moisture had few ears. In 1961, when 
only 7.4 inches of water were available 
to the crop, no ear corn was obtained 
under dryland conditions at plant popu-
lations ranging from 5 to 20 thousand 
plants per acre. However, a greater re-
serve of soil water provided by preplant 
irrigation produced grain even in that 
very dry year. Application of nitrogen 
did not increase grain and forage yields. 
In those years when ears developed un-
der natural dryland, N fertilizer reduced 
grain yields for high population. Phos-
phorus fertilization did not affect yields. 
Consequently, under the limited mois-
ture conditions usual in the Northern 
Plains, fertilizing dryland corn on medi-
um-textured soils normally is not advised. 

High population reduced grain and 
forage yields under natural dryland con-
ditions. In the drier years, high popula-
tion also reduced grain yield, but not 
forage, for treatments having a full pro-
file of water at planting (preplant irriga-
tion). Narrowing the space between 
plants resulted in thinner stalks, smaller 
ears, and greater number of barren 
stalks. This effect became more pro-
nounced as available moisture became 
more limiting. 

The effect of total available water on 
nitrogen uptake of corn is illustrated in 
figure 2. It is apparent that yield of N is 
associated with the amount of water 
available to the plant. The total amount 
of N absorbed by the crop increased as 
available water and yield increased. Vari-
ations in soil water content accounted 
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Figure 2. Relation of nitrogen uptake of corn to total available water in the Showing season. 
(Values represent mean of al l fer t i l i ty rates and populations for 1959 and 1960.) 

for 97 per cent of variation in N uptake 
by silage and 92 percent of N uptake by 
grain. Total N uptake by the whole plant 
per acre-inch of water used was 4.0 and 
4.8 pounds per acre-inch in 1959 and 
1960, respectively, for the natural dry-, 
land treatment and 4.1 and 6.0 pounds 
per acre-inch for the preplant irriagted 
treatment. 

These values indicate that N uptake 
per unit of water was increased by a 

greater supply of available water. Thus 
increased water supply not only increas-
ed total N uptake, but also increased the 
amount of N recovered per acre-inch of 
water used. 

Preplant irrigation tended to decrease 
protein content in grain and stover, as 
shown in table 1, but increased the total 
amount of protein produced per acre, 
due to increased dry matter. N fertiliza-
tion increased protein content in grain 

Table 1. Average protein concentration in corn for 1959-1960 at Mandan, Nor th Dakota. 

Plants 
Per Acre 

N Appl ied 
L b / A 

Stover + 
% Protein 

Grain - f 
% Protein 

N A T U R A L D R Y L A N D 

7,000 - 10,000 0 6.8 12.9 7,000 - 10,000 
40 7.8 14.0 
80 7.8 14.3 

14,000 - 20,000 0 7.6 12.8 14,000 -
40 10.6 14.1 
80 10.6 14.6 

P R E P L A N T I R R I G A T E D 

7,000 - 10,000 0 4.4 12.2 7,000 - 10,000 
40 5.6 13.2 
80 6.3 13.5 

14,000 - 20,000 0 4.0 11.4 14,000 - 20,000 
40 5.1 12.7 
80 6.6 13.4 



and stover. Generally, thicker stands did 
not affect protein content of grain, but 
increased N content of stover, under 
natural dryland. Apparently, when mois-
ture supply is limited during the season, 
N tends to concentrate in stalks and 
leaves and is not translocated to the 
grain. As a result the feeding value of 
the stover is greatly affected by water 
supply, population, and N fertilization. 
The effects of these variables on protein 
content of the grain were much less 
marked. 

Results of three years of study indi-
cate that the most desirable plant popu-
lation for dryland corn in the Northern 
Plains is about 10,000 plants per acre. 
Similar conclusions were obtained in 
other trials conducted in the semiarid 
regions of North and South Dakota. In-
creasing population beyond the 10,000-
plant level generally produces a less de-
sirable plant. Higher populations suffer 
from moisture stress sooner in dry years, 
resulting in less uptake and transloca-
tion of N from stover to grain. 

From these trials a major point was 
established — that the size of the crop 
and total N absorbed by the plant in a 
semiarid region depend greatly on the 
amount of moisture stored in the profile 
at planting, as well as on the rainfall 
during the growing season. 

In the Northern Plains, rainfall peaks 
in June and declines through July and 
August. During this period of declining 
precipitation and rising air temperature, 
the critical stages of tasseling and ear 
formation occur. Obviously, this rainfall 
pattern does not favor optimum grain 
production, but ample soil moisture at 
planting can help counteract this deficit 
(figure 3). 

Figure 3. Corn growth in August 1959 at Man-
dan, North Dakota. Plants ( left ) on high soil 
moisture at planting and plants (r ight) on low 
soil moisture (natural) at planting. 

Since precipitation is an independent 
factor in farming, the corn producer 
has to direct his attention to conserving 
soil moisture. Cultural practices based 
on soil and water conservation principles 
increase the possibility of raising the 
amount of moisture stored in the soil 
during the spring. In the Northern 
Plains, the moisture in the soil at plant-
ing makes a vast difference in the size 
of the crop and amount of N absorbed 
by the plant at harvest time. 
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