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INTRODUCTION

Irrigation is practiced by farmers to increase crop yields, especially
in arid and semi-arid regions where rainfall is not sufficient to support
high vields.

In 1979, irrigated corn in the southwest district of Kansas yielded
an average of 8,455 kg/ha; nonirrigated corn vielded 3,293 kg/ha. The
average corn grain yield per hectare for Kansas in 1979 was 87% higher
than that obtained in 1919 (Kansas State Board of Agriculture, 1979). Corn
grain yield increase in Kansas until the mid-1970's was obtained through a
continuous improved technology but also with an abundant and relatively
inexpensive water supply before energy costs rose (Report of Governor's
Task Force on water resources, 1977). Prolonged, intense irrigation is
depleting the groundwater supplies and farmers now must pump water from
deeper depths which requires more energy. Groundwater study of western
Kansas indicated that the water table declined in the range of 3 m to 30 m
between 1950 and 1975, and that 10 to 50% of the stored water has been
depleted (Report of Governor's Task Force on water resources, 1977). The
groundwater decline was estimated at 0.5 m in 1977; precipitation was 10%
below normal and withdrawals averaged 14 times the natural recharge (Final
report of the Governor's Task Force on water resources, 1978). The 1977
groundvater study of western Kansas predicted that if the groundwater with-
drawals continue at that rate to vear 2,000, farmers will not have enough
water to irrigate their crops. Therefore, groundwater must be carefully
managed if risks of water shortage are to be diminished. With increasing
energy prices, the costs of cropping are increasing and the irrigation

profit picture is changing.



Corn grain vield is most sensitive to water deficits at tasseling,
silking, and early ear growth. Water stress during those critical
growth stages will reduce grain yields considerably (Robins and Domingo,
1953; Denmead and Shaw, 1960; Claassen and Shaw, 1970; Stewart et al.,
1975). Supplying water only during the critical growth stages would
reduce the amount of water pumped and use less energy. Maximum yields
will likely not be obtained with limited irrigation but yields will be
improved by proper timing of limited irrigation amounts (Stone et al.,
1978; Siebert, 1978).

Use of the proper source of nitrogen in adequate amounts and
restricting nitrogen losses from overwatered soil profiles would improve
corn yields (Stevenson and Baldwin, 1969; Jung et al., 1972; Rehm and
Wiese, 1975; Whitaker et al., 1978).

Plant population also has a significant influence on corn yields.
Research has shown corn yield increasing as plant population increases to
a given point, but beyond that population yields decrease (Brown et al.,
1970; Elsahookie, 1976; Siebert, 1978). Therefore, growing corn under
optimum plant populations will improve vields.

Even without developing varieties that require less water, one might
ask '"Do proper amounts of nitrogen fertilization and proper plant populations,
with their interaction, improve corn water use efficienecy and maintain
profitable production under limited irrigation?"

This study was conducted to measure the effects of limited irrigation,
nitrogen fertilization rate, plant population, and their interactions on:
{1) corn drv matter vyield, (2} corn grain yield, and (3) corn water use

and water use efficiency.



LITERATURE REVIEW

Available water in the soil is of great importance during the growth
of corn. Water used by corn comes from soil water in storage at planting,
rainfall, and/or irrigation.

Corn will complete its vegetative and ear filling stages only if the
necessary amount of water is available during all the growing season.

Wright et al. (1980) found that the daily water use for corn grown on

sandy soil was: 0.2 cm/day during the first 40 days of growth, 0.4 cm/day
from day 40 to tasseling, and 0.6 cm/day from tasseling to maturity. Total
water use for corn from planting to maturity was about 42 cm. They stated
that water requirements for corn will vary with soil typé and atmospheric
conditions.

Paulsen (1980) found that the monthly conditioms of rainfall for top
corn yields are: 9 c¢cm of rain in May, 9 cm in June, 11 cm in July, 11 cm
in August, and warm dry weather in September to hasten ripening and drying
of the grain.

In arid and semi-arid regions, rainfall does not always supply sufficient
water needad by corn during the critical stages of growth. If available soil
water i1s not sufficient for growth, moisture stress conditions will result
and corn yields will be reduced.

A short stress during the vegetative stage delayed tasseling and silking,
resulting in a reduction of grain yield (Claassen and Shaw, 1970). Maranville
and Paulsen (1970) found that a stress shortly after emergence decreased the
starch and chlorophyll content of seedlings. 1In a studvy of crop responses
to water at different stages of growth, Salter and Good (1967) found that

stress during the vegetative stage had little effect on final corn grain yield.



Most stress which reduces grain yield in corn occurs during tasseling,
silking, and early ear growth. Stewart et al. (1975) in a 3-year evapotrans-
piration (ET) deficit study, obtained greatest yield when little or no ET
deficit occurred during pollination. They found no yield improvement with
vegetative and late-season irrigations and noted yield fell by 59% when
ET deficit developed during pollination and ear growth. Denmead and Shaw
(1960) reported yield reductioms of 25, 50, and 217 when stress occurred
at vegetative, silking, and ear growth stages, respectively. Robins and
Domingo (1953) found no significant yield difference between plots where all
available =oil water was removed seven weeks following tasseling and plots
which had ample soil water until the corn was harvested. Plots reaching
the wilting point at tasseling gave less yield than plots which had ample
soil water until the corn was harvested.

Water stress in the late vegetative stage stunted growth of corn plants
(Downey, 1971). According to Eik and Hanway (1966), grain yield reduction
was greatest when water stress reduced leaf area index below 3.3.

Gard et al. (1961) showed that 10 cm of irrigation water on a silt loam
soil during early tasseling and early ear growth (a 5 cm irrigation at early
tasseling and a 5 cm irrigation 14 days later) resulted in economically desir-
able corn grain yield compared to the use of 5 cm irrigations applied weekly
from the 7th through the 12th week after corn planting.

Irrigation in the late ear growth stage does not improve corn grain
yield sufficiently to be economical. Siebert (1978) obtained a yield reduction
of 19% compared to full-season irrigation when irrigation was operated only
during flowering. A 45% yield reduction on dryland, compared to full-season
irrigation, was also obtained. Stone et al. (1978) found that corn irrigated

at the silking stage only produced yields lower than corn which received three



irrigations, but yields did not decrease as much as water applied.

The amount of water used by corn varies with stage of development.
Early in the season, loss of water is primarily due to evaporation from
the soll as seedlings do not cover the soil surface. As the season
proceeds, crop cover increases and most of the water is lost by trans-
piration. Peters and Russel (1959) found that of total water loss from
field corn, 50 to 70% was lost by evaporation from the soil surface and 30
to 50% by transpiration from the corn. Harrold et al. (1959) found that of
39 cm total evapotranspiration from 1 Mav to 9 September, 56% was evaporation
and 44% was transpiration. The lack of significant leaf area from 1 May
to 5 June caused seasonal evaporation to be higher than transpiration. As
corn leaf area increased, evaporation decreased relative to transpiratiom.

Peters (1960) found that water loss of corn was higher at an atmospheric
relative humidity of 40% than at 95%. At 40% atmospheric relative humidity,
corn roots grew less and plants wilted during the day compared to corn grown
at 95% relative humidity.

The increase of ET to a peak use rate in July followed by a gradual
decrease to grain maturity was reported by Doss et al. (1962). They found
that the rate of ET was generally higher immediately after irrigatiom than
immediately before. DeBoer et al. (1977) reported an average daily ET of
0.54 cm/day during 15 June to 1 August with corn grown on a Great Bend silt
loam. Steiner (1979) found that the average daily ET of corn was about 0.5
cm/day in June, 0.8 cm/day in July, and 0.5 cm/day in the first week of
August.

Water use by corn is also influenced by plant population. At a very
low plant population, water use is low. As plant population increases,

water use increases up to a point and then changes slowly with increasing



plant population (Olson, 1971). He obtained an increase in water use
as plant population increased from 35,000 to 45,000 plants per hectare,
but plant population of 70,000 plants per hectare did not significantly
increase water use.

Temperature also has a great influence on corn growth. High air
temperatures increase the water requirement of corn by increasing corn
transpiration and water evaporation from the soil surface. Under these
conditions the plant might be unable to take up enough water to replace
that lost by transpiration.

Soil temperatures also affect corn growth. Shaw (1971) found that
low soil temperatures in late spring delayed seed germination. Alessi and
Power (1971) studied corn emergence in relation to soil temperature and
seeding depth. They found a delay of one day in seed germination for
each 2.6 cm increase in depth of planting. But, soil temperatures are
not as important as high air temperatures during the corn growing season.

Pierre et al. (1966) showed that the optimum monthly average air
temperature is 22°C in June, 23°¢C in July, and 22°C in August during normal
rainfall conditions. Yield declines appreciably as average monthly air
temperature rises above 24°C in August. As air temperature rises, the
rate of respiration of the plant increases and there is less storage of the
photosynthate. Most of the photosynthate product of the plant is utilized
by the plant itself rather than storing it in the seed.

Paulsen (1980) stated that the monthly average air temperatures for
optimum corn growth are 22°C in May, 22°C in June, 23°¢C in July, and 23%
in August; with warm and dry weather needed in September.

High temperatures are harmful to corn plant during the tasseling stage.

Pierre et al. (1966) reported that a period of one or two weeks with above



32°% during summer, particularly after mid-July, may cause such high demands
of water that the plants wilt during the day, though rainfall for the period
is normal.

Temperatures in the range of 38°c - 40°C caused plants to burn, to
turn nearly white, and later to die at the top (Aldrich et al.,1975). High
air temperatures decrease photosynthesis, destroy proteins, and affect polli-
nation by blasting tassel so that no pollen is shed or if it is, the pollen
is killed before fertilization and consequently the overall yield of corn
declines (Paulsen, 1980).

Although high corn yield has been obtained with nitrogen application,
time and method of application must be considered to maintain the effective-
ness of nitrogen fertilization for high yields. Applying certain types of
nitrogen fertilizer on the soil surface has found not to be very effective in
grain yield increase because of N losses on the soil surface. Olson et al.
(1964) found that broadcast fertilizer on Crete silty clay loam was less
effective at increasing corn yield than sidedress applied fertilizer. Chaudhary
and Prihar (1974) compared banded and broadcast applied fertilizer and found
that banded applied nitrogen increased grain yield by 55% more than broadcast
applied nitrogen. Whitaker et al. (1978) found nitrogen losses about twice as
much with broadcast as with banded nitrogen beside the row. Corn grain yield
increased when 25% of N was banded at planting and 757% was sidedressed.

Nitrogen application after planting and during root development might
provide yield increases due to root activity. According to Jung et al. (1972),
applications during the 7th and 8th weeks after planting resulted in higher
corn grain yield than later applications. Corn grain yield increased as N
increased to 168 kg/ha with no further yield increase as N increased to 224
kg/ha. A late nitrogen application does not allow enough time for plants to

accumulate protein in the vegetative tissue before grain formation begins.



Wright et al. (1980) found that delaying nitrogen on irrigated corn until
three weeks after planting increased corn grain yield but further delay
drastically reduced corn grain yield. Andersom (1978), splitting the
application of nitrogen fertilizer to corn, found that preplant applied
nitrogen on Eudora silt loam was as effective as split applied nitrogen.

Differences in corm yields due to nitrogen application can also be
attributed to the source of nitrogen. Stevenson and Baldwin (1969) reported
that anhydrous ammonia applied to corn gave much greater response than
ammonium nitrate or urea. Because of the low degree of hydrolization, all
ammonium nitrate was not used by corn at the right time and a part of the
urea was rapidly lost by volatilization and leaching. Nelson and McGregor
(1973) detected a superior response from ammonium nitrate compared to urea
when applied spring surface and sidedress.

Most of the time, corn yield response to nitrogen applied is less than
maximum because of nitrogen losses. Moe et al. (1968) reported that total
N loss from ammonium nitrate was higher than from urea in all plots, and
N losses were greater in sod plots than in fallow plots. They said that
because of its high ionization, ammonium nitrate would be adsorbed and held
near the surface of the soil. But the non-ionized urea would be carried
further down into the soil with the first increment of rainfall and would,
therefore, be less subject to surface runoff loss.

Rehm and Wiese (1975) stated that for a sandy soil with no accumulation
of fine textured material, the application of N with the irrigation water
increased corn grain yield. Smika et al. (1977) found that the average

annual total dry matter production was negatively correlated to NO_-N perco-

3
lating to the 150-cm depth (r=-0.99), showing that production of dry matter

was highly related to N03-N loss.



Residual soil nitrogen from substantial amounts of fertilizer nitrogen
applied to corn may be carried over from year to year and have an effect on
grain yield of the future crop. Claassen (1979) reported that zerd nitrogen
plots with previous N rates of 73 kg/ha produced corn grain yields not dif-
fering significantly from those in plots receiving a continuous application
of 34 kg N/ha. A similar effect of residual soil-nitrogen on corn grain
yield has been reported by Mulliner and Frank (1975) and Anderson (1978).

Pierre et al. (1977) established a relationship between yield of corn
and percentage nitrogen content in the grain. According to that relatiomship,
the percentage of nitrogen content in the grain is 1.52% at the maximum yield.
Jung et al. (1972) found that the percentage of N in grain of corn grown on
sandy soil increased with increasing rate of applied nitrogen.

Another factor which influences corn yield is the plant population.

In most of the cases when corn is planted at a plant population below 40,000
plants per hectare, the average corn grain yield is low compared to grain
yield obtained from 50,000 to 60,000 plants per hectare. At low plant popu-
lation with greater spaced plants and less leaf area, plants do not utilize
the maximum of nutrients and they photosynthesize less. At a very dense
plant population (above 80,000 plants per hectare), plant competition for
nutrients and shading decrease dry matter and grain yield.

According to Brown et al. (1970) the average corn grain yield increased
when corn was planted at 55,000 plants per hectare compared to corn grain
yield obtained with the stand of 24,000 plants per hectare. Corn grain
yield decreased as plant population further increased to 100,000 plants per
hectare. Elsahookie (1976) and Siebert (1978) obtained similar trends of
yield increase with increases in plant population to a point beyond which
corn grain yield decreased.

Grain yield decline at higher plant populations was also explained by



10

its relationship with leaf area index, kernel dry weight, lodging, and the
dry weight that a plant can produce. Williams et al. (1968), Yamagushi
(1974), and Poneleit (1979) obtained a decrease in ear number per hectare,
kernel dry weight, and dry weight per plant when the plant population was

increased.
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MATERTALS AND METHODS

This study was conducted on the Ashland Agronomy Research Farm
located 5 km southwest of Manhattan, Kansas.

The research soils are Muir silt loam (Stone et al., 1978) and Eudora
silt loam (Anderson, 1978). Muir silt loam is a fine-silty, mixed, mesic,
Pachic Haplustoll, developed from alluvium. The Eudora silt loam is a coarse-
silty, mixed, mesic, Fluventic Hapludoll,developed in coarse silty alluvium
on a high flood plain along the Kansas River.

Corn was grown on the Muir soil (Muir Experiment) in 1979 and 1980,
and on the Eudora soil (Eudora Experiment) in 1980.

Three irrigation treatments were used: (1) full irrigation, intended
to minimize water stress throughout the corn growing season; (2) limited
irrigation, corm irrigated to minimize water stress during tasseling, silking,
and early ear growth; and (3) no irrigation.

Nitrogen fertilization rates of 100, 225, and 350 kg N/ha were applied
to the Muir soil in 1979. 1In 1980, the rates of N fertilizer applied to the
Muir soil were 140, 225, and 350 kg N/ha.

A rate of 215 kg N/ha was applied to the entire Eudora area in 1980.

Urea (457 N) applied using a drill and ammonium nitrate (34% N) applied
by hand were the sources of nitrogen in 1979. A urea-ammonium nitrate
solution (287 N) and ammonium nitrate (34% N) applied by hand were the sources
of nitrogen in 1980.

Three plant populations of approximately 43,000; 57,000; and 86,000
plants per hectare were established by thinning. Rows were 76 cm apart.
Prairy Valley 765 was the corn variety used.

The design of the Muir Experiment was split-split plot. The design of



12

the Eudora Experiment was completely randomized block for each irrigation
level.

In the Muir Experiment, irrigation treatments provided the main plot
effect, nitrogen rates provided the subplot effect, and plant populations
gave the sub-subplot effect. The experiment was replicated three times.

Plant population was the main treatment in each Eudora irrigation
level. Treatments were replicated three times.

Figures 1 and 2 show the dimensions of the research plots and the plot
scheme. Each plot in the Muir and Eudora experiments contained 11 and 15
rows, respectively.

The land was fall plowed and disked in spring. A preplant herbicide
of 4.7 liters/ha of Bladex and 4.7 liters/ha of Lasso was applied in 1979.

A preplant herbicide of 2.24 kg/ha of Bladex and 4.7 liters/ha of
Lasso was applied in 1980. The lowest nitrogen rate was applied to the
entire area. The additional amounts of nitrogen needed by the intermediate
and higher rates were applied by hand.

Corn was planted in rows 76 cm apart omn 8 May 1979, and 29 April 1980,
at a plant population of approximately 178,000 plants per hectare and thinned
to the desired plant populations four weeks after planting.

Corn was treated with 2.8 kg/ha of Sevin 80% by weight of active ingre-
dient to control chinch bugs in 1979 and chinch bugs and grasshoppers in 1980
as needed.

Corn grain yield was determined by hand harvesting the center 3 m length
of the five center rows of each plot and adjusting to a water content of
15.5% on a wet weight basis. Also at harvest, total plants, total lodged
plants, and total ears in the 15m were recorded. Percentage of grain water

content was determined in the laboratory by oven drying grain samples at
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lOSOC for four days. Yield components were calculated as follows.

D 2 10,000 mng; hectare
1-0.155 11.43 m"(harvested area)

(1) X

X = grain yield (kg/ha) at 15.5% water content.

rain wet wt.in 15 m

D = grain dry wt. per plot sample = T

grain wet wt. im 15 m - grain dfy wt. in 15 m
grain dry wt. in 15 m

-
=
]

W = grain water content

2
_ grain vield(g/11.43 m”) at 15.5% water content
(20 Tleld per plant (8) = Total plants in 15 m

total lodged plagts in 15 m x 10,000 m2

11.43.m (harvested area):

total ears in 15 m x 10,000 m2

11.43 m" (harvested area)

(3) Number lodged plants/ha =

(4) Number ears/ha =

0D wt.
1-0.155

(5) 100 kernel wt.(g/100) at 15.5% water content =
OD wt. = oven dried 100 kernel wt.
Percentage of nitrogen in the grain was determined by the Soil Testing
Laboratory, Kansas State University.
Rainfall data was obtained throughout the corn growing season and is
summarized in Table 1. The summer of 1979 was wet and cool while that of

1980 was dry and hot. Fig. 3 represents air temperatures during 1979 and

1980 seasons.

Table 1. Monthly rainfall amounts at the Ashland Agronomy Research Farm.

Month 1973 1980 1941-1970 Mean*
cm
April 5.2 3.3 7.6
May 4.5 5.4 11.0
June 8.9 5.1 14.8
July 14.5 352 11.2
August 3.6 7.2 9.1
September 4.2 3.4 10.1

*#(Stone et al., 1978)
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Corn received furrow irrigations with water supplied through gated
pipe. A ridge placed at the end of each plot prevented runoff from the
furrows.

Tables 2 and 3 list the amounts and dates of irrigatioms.

Table 2. Amounts of water applied to the 1980 Muir Experiment and dates
of application.

Limited Full
Date No irrigation irrigation irrigation
cm water
30 June 0 0 99
11 July 0 11.4 8.2
18 July 0 0 6.3
25 July 0 5.9 4.7
1 August 0 6.1
8 Auguts 0 4.2
Total 0 17.3 39.4

Table 3. Amounts of water applied to the 1280 Eudora Experiment and dates
of application.

Limited Full
Date No irrigation irrigation irrigation
cm water
30 June 0 0 4.1
11 July 0 4.8 3.6
18 July 0 0 3.4
25 July 0 3.9 3.6
1 August 0 2.3
8 August 0 3.1
Total 0 8.7 20.1

Soil water content was determined in the profile by neutron thermalization

and gravimetric methods. An aluminum access tube was placed in the center row
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of each plot. Water content readings were taken in the 15- to 150-cm soil
profile at 15-cm depth increments. The following formula was used to
compute soil water content by volume:

8 = 0.457 (CR)-0.0348
where CR is the count ratio (CPM reading/CPM standard) and © the soil
water content by volume.

Water content by weight in the upper layer (0 to 15 cm) was determined
by the gravimetric method. The moist soil sample including the can was
weighed, oven dried at 1050C for 48 hours, and weighed again. The empty
can weight was recorded. The water contents by weight and by volume were
obtained using the following formulas (Hillel, 1971).

(1) W=M-D

D

W = water content by weight

M = the moist mass of the total sample minus the weight

of the can

D = the dry mass of the total sample minus the weight
of the can

(2) 0 = Wxpb
pw

@ = the volumetric water content

ob the soil dry bulk density

oW the density of water (1 g/cm3)

Corn growth stages are described according to Hanway (1971) in Table 4.
Stages of growth before silking were identified in the field by counting the
number of leaves that were fully emerged (with the collar visible) from the
whorl. Grain filling stages were timed by repeated observation of kermel
development during ear growth. Tasseling or silking stage was recorded when

50% of the corn plants in the field bore tassels or silks. In this study

tasseling stage occured at 16 leaf stage.



19

Table 4. Corn growth stage development with date of observance.

Growth stage ——— Date
Stage
number Description 1979 1980
Planted 8 May 29 April
0.0 Emergence 18 May 22 May
0.5 2 Leaf 26 May 26 May
1.0 4 Leaf 5 June 2 June
1.5 6 Leaf 12 June 12 June
2.0 8 Leaf 19 June 22 June
2.5 10 Leaf 26 June 28 June
3.0 12 Leaf 1 July 4 July
3.5 14 Leaf 8§ July 9 July
4.0 16 Leaf 14 July lll July
5.0 Silk Emergence 18 July 16 July
6.0 Blister 28 July 25 July
7.0 Dough 8 August 2 August
8.0 Beginning dent 15 August 11 August
9.0. Dent 26 August 20 August
10.0 Physiological maturity 5 September 2 September

To estimate total above-ground corn dry matter yield, plots were sampled
on three dates in 1979 and on two dates in 1980 by referring to the mzthcd used
by Johnson (1966). Eight plants were cut at the ground level and taken from
each plot. The eight plants were chopped, dried in a forced air drier at
55°c - 60°C for 14 days or more, and weighed. The strip length left by the
sampled plants was measured for dry matter conversion to a hectare basis.
Seasonal evapotranspiration (or water use) of corn was calculated from
the following formula:
Seasonal ET = (TW1 - TW2) + I + P

where TW is total soil water content of the 150-cm soil profile at beginning



20

(TW1l) and ending (TW2) of the growing season; I and P are water received
by irrigation and precipitation, respectively.

Research data were analyzed using the Kansas State University Computing
Facilities.

Because of the above-normal rainfall in July 1979 (Table 1), irrigatiomn
was not needed and the Muir silt loam experiment was reduced to a split-plot
design. The 1980 Muir silt loam experiment was analyzed as a split-split
plot design and the Eudora silt loam experiment as a completely randomized
block design for each irrigation level.

Means between irrigation treatments, nitrogen fertilizer rates, and
plant populations were compared using Duncan's Multiple Range Test. Means
with the same letter are not statistically different at the significance

level of 0.05.
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RESULTS AND DISCUSSIONS

Tables 5, 6, and 7 present the mean amount of water within the
150 cm soil profiles during 1979 and 1980.

In each year, soil water content measured in the Muir silt loam was
not influenced by nitrogen fertilizer rate. Soil water content was influ-
enced by plant population in 1979 and by irrigation and plant population
in 1980. In both years, plant population significantly influenced soil
water content on the Muir silt loam from one week before tasseling (mid-
July) to physiological maturity (Tables 5 and 6). Profile soil water con-
tent decreased as plant population increased. Plant population in no,
limited, and full irrigation did not influence soil watér content on the
Eudora silt loam (Table 7).

An analysis of variance of soil water content determined for both
years showed a significant effect among blocks. This is an indication of
variability in the two soil types.

Profile water content in the Muir silt loam and Eudora silt loam
progressively decreased during the growing seasons (Fig. &4). Profile
water content in the Muir silt loam at no time during the growing seasons
approached the permanent wilting point (175 mm at -15.0 bars soil water
potential). Profile soil water content in the Eudora silt loam was less
than in the Muir silt loam (Fig. 4). Due to structural and textural differ-
ences the Eudora silt loam holds less water than the Muir. The Eudora holds
380 and 115 mm of water at soil water potentials of -0.2 and -15.0 bars,
respectively. The Muir holds 477 and 175 mm of water at soil water potentials

of -0.2 and -15.0 bars, respectively.
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Mean corn dry matter yields are presented in Tables 8, 9, and 10.

The analysis of variance of 1979 corn dry matter yield indicated dry
matter yield was significantly influenced by plant population but not by
nitrogen rate (Table 8). The highest plant population of 75,357 plants
per hectare on the Muir silt loam produced the significantly greatest dry
matter yield at the 8-leaf and silking stages; and statistically the same
amount as the medium population at beginning dent (Table 8). Greater com-
petition and shading at the highest plant population might decrease dry
matter production in the late season. Tanaka and Yamaghushi (1972) stated
that in the late season, corn plants at the highest population cover the
soil surface, light transmission from the top to the bottom of the maize
canopy decreases and the lowest plant leaves synthesize less than the top
leaves, therefore, total dry matter yield decreases.

Plant population on the Eudora silt loam soil did not significantly
influence dry matter yield (Table 10). Nitrogen fertilizer rate did not
influence dry matter production in 1979 (Table 8). But, dry matter production
at dent stage was significantly influenced by nitrogen fertilizer rate in 1980.
The rate of 350 kg N/ha produced significantly greater dry matter than the
140 kg N/ha rate (Table 9).

Nonirrigated, limited, and full irrigation conditions on Muir and
Eudora silt loam significantly influenced dry matter production at blister
and dent stages (Tables 9 and 10). Full irrigation on both soil types yielded
the highest dry matter. Dry matter yield of nonirrigated and limited irri-
gation corn on Muir silt loam at dent stage was 47 and 87%, respectively, of
the full irrigation corn dry matter yield (Table 9). On the Eudora silt loam,
using the mean from all populations, nonirrigated and limited irrigation

corn yielded 29 and 63%, respectively, as much dry matter as full irrigation
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Table 9. Dry matter yield (kg/ha) at two stages of
corn development in 1980 on Muir silt loam
soil as influenced by irrigation, nitrogen-
fertilizer rate, and plant population.

Blister stage Dent stage
Treatment (22 July) (18 August)
kg/ha
Irrigation
%

None 4,688b 5,353c
Limited 6,771aT 10,011b
Full 7,108aT 11,455a

Siegnificance level

0.031 0.001
Nitrogen (kg N/ha)
140 6,129a 8,554b
225 6,020a 8,912ab
350 6,417a 9,554a

Significance level

0.198 0.011

Pop. (plants/ha)
42,648 5,939a 8,631a
56,346 6,001b 8,945a
. 74,232 6,633b 9,245a

Significance level
0.017 0.308

*Means within a column for irrigation, for N rate, and
for population followed by the same letter are not
different at the 0.05 significance level according
to Duncan's Multiple Range Test.

+Prior to blister stage, corn had received one and two
irrigations in the limited and full irrigation plots,
respectively.
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corn at dent stage (Table 10).

The three interacting factors (irrigation, nitrogen fertilizer rate,
and plant population) had no significant influence on dry matter yield in the
1980 Muir study area. Also, the interaction between nitrogen fertilizer rate
and plant population did not influence dry matter yield in 1979.

Mean corn grain yields and yield components are shown in Tables 11,
12, 13, 14, and 15.

The Duncan's Multiple Range Test indicates no significant differences
in grain yield due to nitrogen fertilizer rate in the 1979 Muir study
(Table 11). Anderson (1978) reported a similar finding, he found that nitrogen
fertilizer rate applied on corn had no significant affect on grain yield.
However, grain yield for corn grown on the Muir soil was.significantly influ-
enced by nitrogen fertilizer rate in 1980 (Table 12). Grain yield was only
significantly different between the 140 and 350 kg N/ha rates according to
Duncan's Multiple Range Test. Corn receiving the 350 kg N/ha rate produced
the most grain.

Grain yield in 1979 was significantly influenced by plant population
on the Muir silt loam (Table 11). Grain yield from the medium and highest
plant populations were not significantly different. The highest grain yield
was obtained with plant population of 57,808 plants per hectare.

A multiple regression analysis for nitrogen rate and plant population
was performed on 1979 grain yield. The stepwise-forward procedure applied
to tested levels of nitrogen and plant population (independent variables),
generated a final equation which indicated that grain yield was a quadratic
function of plant population at p = 0.001 level (Fig. 5). Grain yield
increased to a maximum of 9,615 kg/ha as plant population increased to

68,910 plants per hectare. Grain yield decreased with further increases in
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plant population. This finding is in agreement with those of Brown et al.
(1970), Siebert (1978), and Elsahookie (1978). They all found that the
average grain yield increased as plant population increased to a given
point, but beyond that population grain yield was not improved. Buren

et al. (1974) attributed yield reduction at higher plant populations to

a higher percentage of barren plants.

Irrigation level had a significant influence on corn grain yield in
1980 (Table 12). Grain yield was 69 and 1% in plots receiving limited
irrigation and no irrigation, respectively, of the yield from full irri-
gation plots. Siebert (1978) obtained a corn grain yield reduction of
197 compared to full-season irrigation when irrigation was operated only
during flowering. Stone et al. (1978) found that corn receiving limited
irrigation at the silking stage produced less grain than corn irrigated
throughout the season.

In plots irrigated in 1980, the soil water status in the Muir silt
loam soil was not greatly different in 1980 than in 1979 (Fig. 4). However,
the 1980 corn grain yields where fully ir;igated were less than half of
the 1979 yields. Grain yield of corn grown on Muir silt loam in 1980 was
probably reduced because of higher temperatures from mid-June to September
in 1980 than in 1979 (Fig. 5). Pierre et al. (1966) reported that a period
of one or two weeks with above 32°C during summer wilts the plants during
the day, and Aldrich et al. (1975) found that the plants burned when air
temperatures were in the range of 38°c - 40°c.

The extremely high air temperatures during pollination caused pollination
failure and poor grain numbers. Pollination failure has been discussed
by several authors (Robins and Domingo, 1953; Paulsen, 1980).

A multiple regression analysis for irrigation, nitrogen rate, and plant
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population was performed on 1980 grain yield. The stepwise-forward
procedure applied to tested levels of irrigation, nitrogen rate, and
plant population (independent variables), generated the final equation
which indicated that grain yield was a function of irrigation, irrigation
square, and the interaction between irrigation and nitrogen rate at

p = 0.0001 level (Fig. 6).

Almost no grain yield was obtained from nonirrigated corn on the
Eudora silt loam soil in 1980 (Table 13). Mean grain yield of the limited
irrigation plots (Table 14) was 547 of the mean grain yield from full
irrigated plots (Table 15). The Duncan's Multiple Range Test showed no
significant differences in grain yields among the plant populatiomns in
the fully irrigated plots on the Eudora silt loam (Table 15), but signifi-
cant differences in grain yield were obtained from plant populations in the
limited irrigation plots (Table 14).

The interaction between irrigation, nitrogen fertilizer rate, and nlant
population had no significant influence on grain yield in the 1980 Muir study.
Also, the interaction between nitrogen fertilizer rate and plant population
had no significant influence on grain yield in 1979.

The Duncan's Multiple Range Test showed significant differences in
yield per plant due to plant population in 1979 (Table 11). But nitrogen
fertilizer rate and treatment interaction had no significant influence on
yield per plant.

Significant influences on yield per plant were obtained with irrigation
level, nitrogen fertilizer rate, and plant population in 1980 (Table 12).
Yield per plant increased with an increase in irrigation level and nitrogen
fertilizer rate; but decreased with an increase in plant population. William

et al. (1968) and Poneleit (1979) also found that yield per plant decreased
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as plant population increased.

The weight of 100 kernels was not influenced by nitrogen fertilizer
rate in either year (Tables 11 and 12). But the weight of 100 kernels
decreased as plant population increased (Tables 11 and 14). Yamagushi
(1974) and Muleba (1980) reported similar findings. The weight of 1CO
kernels increased as irrigation level increased (Table 12).

Where a significant and definite trend in ear number per hectare was
established (Tables 11, 12, and 15), the ear number per hectare increased
with an increase in plant population.

Tables 11, 12, 14, and 15 show that ear number per plant decreased as
plant population increased. That result is in agreement with the finding
of Yamagushi (1974).

Irrigation level (Table 12) significantly influenced ear number per
hectare and ear number per plant, each increasing as irrigation level
increased. The same trend was obtained on the Eudora soil (Tables 13, 14,
and 15). Nitrogen fertilizer rate had no significant influence on ear
number per hectare or ear number per plant (Tables 11 and 12).

Plant population significantly influenced the number of lodged plants
per hectare (Tables 11, 12, and 13). Lodging increased with an increase
in plant population. Yamagushi (1974) and Muleba (1980) alsc reported the
same trend. Considerable lodging in the nonirrigated corn was related
to plant death in late July-early August which was not disassociated from
lodging counts (Tables 12 and 13). Nitrogen fertilizer rate significantly
influenced lodging in 1979 (Table 11). Lodging was greater at the two higher
N rates than at the lowest N rate. But nitrogen fertilizer rate had no
significant influence on lodging in 1980 (Table lé).

The highest percentage of grain nitrogen content was obtained in the
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nonirrigated plots (Table 12). Grain nitrogen content decreased as irri-
gation level increased (Tables 12, 14, and 15). On the Muir soil, grain
nitrogen content decreased as plant population increased to the medium
rate; but the medium and the highest plant populations statistically
produced the same grain nitrogen content (Tables 11 and 12). Plant
population on the Eudora soil did not significantly influence grain
nitfogen content (Tables 14 and 15). An increase in nitrogen fertilizer
rate significantly increased grain nitrogen content (Tables 11 and 12).
Johnson et al. (1973) found significant grain protein responses to
nitrogen fertilizer treatments at every test site over a 3-year period
of experimentation. Jung et al. (1972) reported an increase in grain
nitrogen content with increases in nitrogen fertilizer rate.

These data also are in agreement with the negative correlation found
by Terman et al. (1969) between seed protein content and grain yield.
Grain nitrogen was high in grains from low yielding plots and low in grains
from high yielding plots when corn was grown under irrigation on the Muir
soil in 1980.

Tables 11 through 15 contain the mean water use and water use efficiency
data.

According to Duncan's Multiple Range Test, nitrogen fertilizer rate
on the Muir soil (Tables 11 and 12) had no significant influence on corn
water use but #lant population did. The greatest water use was obtained
with the medium plant population, but the medium and the highest plant
populations were statistically the same. Plant population on the Eudora
soil had no significant influence on water use (Tables 13, 14, and 15).

The nonirrigated corn used less water than the irrigated corn (Tables

12 through 15), but much of the nonirrigated corn had died soon after silking.
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Corn under full irrigation used more water than corn under limited irri-
gation.

According to Duncan's Multiple Range Test, water use efficiency was
not influenced by nitrogen fertilizer rate in 1979 but nitrogen fertilizer
rate significantly influenced water use efficiency in 1980 (Tables 11 and
12). In 1980 (Table 12), water use efficiency increased as N fertilizer rate
increased,and it increased with an increase in irrigation level -

(Tables 12 through 15). No significant difference in water use efficiency
was obtained between limited and full irrigations on the Muir soil (Table
12). Plant population on the Muir soil significantly influenced water use
efficiency in 1979 (Table 11) but not in 1980 (Table 12). Imn 1979 the
medium plant population had the highest water use-efficiency.

Tables 16, 17, and 18 list the mean daily evapotranspiration rates.
Early in the season, corn used low amounts of water per day. The water use
rate increased to maximum rates in mid-season and then gradually decreased
as the grain matured. Doss et al. (1962) reported a similar daily evapo-

transpiration trend.
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SUMMARY AND CONCLUSIONS

Intense irrigation of crops is depleting groundwater at a rate that
will cause water shortages in the near future and ﬁill increase the energy
required to pump water from the deeper depths. Careful management of water
supplied by irrigation is necessary to maintain water supplies, keep
energy costs at a minimum, and keep irrigation farming at a profitable
level.

This study was conducted to investigate the influence that irrigation
level, nitrogen fertilizer rate, and plant population would have on corn
dry matter yield, grain yield, water use, and water use efficiency.

Corn experiments were conducted near Manhattan, Kansas, in 1979 and
1980 on Muir silt loam and in 1980 on Eudora silt loam. No irrigation
water was applied in 1979 because of the sufficient rainfall of that season.
Corn received three levels of irrigatiom in 1980--no irrigation, limited
irrigation (at tasseling and blister stages), and full irrigation (applied
weekly from one week before tasseling to dent stage). Three nitrogen
fertilizer rates [100 (140 in 1980), 225, and 350 kg N/ha] were applied
to the Muir soil. The Eudora had a uniform application of 215 kg N/ha in
1980. Corn was thinned to three plant populations of approximately 43,000;
57,000; and 86,000 plants/ha each year.

The results of this study show that dry matter yield obtained from the
Muir soil and the Eudora soil in 1980 was significantly influenced by
irrigation treatment. The greatest dry matter yield occurred under full
irrigation conditions. Nitrogen fertilizer rate had no influence on dry
matter yield in 1979, but significantly influenced dry matter yield at dent

stage in 1980. Dry matter yield increased as.nitrogen fertilization rate
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increased. Plant population significantly influenced dry matter yield

on the Muir soil in both years, 1979 and 1980. Dry matter yield increased
as plant population increased. Plant population did not have a significant
influence on corn dry matter yield on the Eudora silt loam soil.

Irrigation treatment had a significant influence on corn grain yield

in 1980. On the Muir silt loam, corn receiving limited and no irrigation
yielded 69 and 1%, respectively, as much grain as corn receiving full
irrigation. On the Eudora silt loam, corn receiving limited irrigatiom
yielded 547 as much grain as corn receiving full irrigation. Nitrogen
fertilizer rate did not influence grain yield in 1979 but significantly
influenced grain yield in 1980. Corn fertilized at the rate of 350 kg N/ha
produced more grain than corn fertilized at the 140 and 225 kg N/ha rates
but not significantly more than corn fertilized at the 225 kg N/ha rate.
On the Muir silt loam soil in 1979, a plant population of approximately
69,000 plants per hectare produced the most grain. In 1980 on the Muir
and Eudora soils there was no consistent and significant trend of plant
population influencing grain yield.

Nitrogen application rate had no influence on corn water use during
the two study years. Corn water use was significantly influenced by plant
population on the Muir soil both years. Water use by the highest and
medium plant populations was not significantly different but both plant
populations used significantly more water than the lowest plant population.

Corn grown with full and limited irrigation on the Muir silt loam soil
had nearly equal water use efficiency, the water use efficiency being
greater tharn that with nonirrigated conditions. Corn receiving full irri-
gation on the Eudora soil had a greater water use efficiency than corn

receiving limited irrigation. Nitrogen fertilization rate of corn had no
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influence on water use efficiency in 1979, but N rates significantly
influenced water use efficiency in 1980. Water use efficiency increased
in 1980 as N application rate increased. No significant trend was
established (or noted) between water use efficiency and plant population.

The interaction between nitrogen fertilizer rate and plant population
in 1979, and between irrigation level, nitrogen fertilizer rate, and plant
population in 1980 had no significant influence on dry matter yield, grain
vield, water use, or water use efficiency.

The results and conclusions given in this thesis are true for the

corn variety used.
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Intense irrigation is depleting groundwater at a rate that will
cause water shortages in the near future and will increase the energy
required to pump water from the deeper depths. Careful management of
irrigation is necessary to maintain water supplies, keep energy costs at
a minimum, and keep irrigation farming at a profitable level.

Corn experiments were conducted at the Ashland Research Farm near
Manhattan, Kansas, on a Muir silt loam soil and on a Eudora silt loam soil
to investigate the influence of irrigation level (no irrigation, limited
irrigation at tasseling and blister and full irrigation), three nitrogen
fertilization rates [100 (140 in 1980), 225, and 350 kg N/hal, and three
plant populations (43,000; 57,000; and 86,000 plants/ha) on corn dry matter
yield, grain yield, water use, and water use efficiency.

The results of this study show a reduction of corn dry matter yield
in nonirrigated and limited irrigation conditions compared to full irrigation
conditions on both soils. On the Muir silt loam, corn receiving limited
and no irrigation yielded 69 and 1%, respectively, as much grain as corn
receiving full irrigation. On the Eudora silt loam, corn receiving limited
irrigation yielded 547 as much grain as corn receiving full irrigation.
Corn fertilized at the rate of 350 kg N/ha produced the most dry matter, the
most grain yield, and had the highest water use efficiency in 1980. But
statistically those responses were not different from the responses to 225
kg N/ha. Nitrogen fertilization rate had no significant influence on corn
dry matter yield, grain yield, or water use efficiency in 1979; and no
influence on corn water use during the two-year study. Plant population of

approximately 76,000 plants per hectare. produced the most drv matter in 1979



and 1980. Also plant population of 78,384 plants per hectare produced lower
grain yield and lower water use efficiency in the 1979 Muir study compared
to the medium plant population of 57,808 plants per hectare.

All treatment interactions had no significant influence on corn dry
matter yield, grain yield, water use, or water use efficiency. Irrigation
level, nitrogen fertilization rate, and plant population also affected
yield components (yield per plant, 100 kernel weifght, ears per hectare,
ears per plant, lodging and grain nitrogen content).

The results and conclusions of this study are true for the corn

variety used.



