Agricultural Sciences, 2014, 5, 1305-1315 #%%* Scientific
Published Online November 2014 in SciRes. http://www.scirp.org/journal/as ‘0::0 Research
http://dx.doi.org/10.4236/as.2014.513139

Corn Yield Response to Reduced Water Use
at Different Growth Stages

Hirut Kebedel, Ruixiu Suil, Daniel K. Fisher?, Krishna N. Reddy?, Nacer Bellalouiz,
William T. Molin!

1Crop Production Systems Research Unit, USDA-ARS, Stoneville, MS, USA
2Crop Genetics Research Unit, USDA-ARS, Stoneville, MS, USA
Email: hirkebede@yahoo.com

Received 30 September 2014; revised 29 October 2014; accepted 15 November 2014

Copyright © 2014 by authors and Scientific Research Publishing Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Abstract

To develop an efficient water use strategy for crop irrigation, we need to know how much water
can be reduced without decreasing yield. A study was designed to determine corn growth stages at
which water could be reduced without affecting grain yield, and at what soil moisture level water
deficit stress begins in the plants in a silt loam soil. An experiment was conducted in a randomized
complete block with a 3 x 4 factorial design in four replications, where treatments consisted of
three soil moisture levels [100%, 75%, and 50% of field capacity (FC) of a silt loam soil by weight]
and four growth stages [fourteen leaf stage (V14), silking (R1), milk (R3), and dent (R5) stages] in
a greenhouse. Growth stages at the reproductive and grain fill stages of corn were selected be-
cause this study was intended for the Mississippi Delta, where there is frequent drought during
these growth stages making irrigation necessary for corn production, whereas there is usually
adequate rainfall during the vegetative growth stages. Results from this study showed that reduc-
ing soil moisture from 100% FC (fully irrigated) to 75% FC of a silt loam soil starting at the R1
growth stage in corn did not reduce yield significantly compared to yield from the 100% FC, while
saving a significant amount of water. Physiological investigations at the three soil moisture treat-
ments showed that a mild moisture deficit stress might have started at the 75% FC treatment.
With further investigation, if savings in water at 75% FC result in a significant reduction in energy
cost, it may be profitable to reduce soil moisture to 75% FC in a silt loam soil.
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1. Introduction
Efficient use of water in agriculture has become an issue as available water resources become scarce [1] [2].
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Groundwater levels have declined across much of the United States including the Mississippi Delta [3] [4]. Due
to the increased cost of energy and overdraft of the Mississippi Delta Shallow Alluvial Aquifer, there is a need
to use irrigation water efficiently in the region. In order to develop an efficient water use strategy in crop irriga-
tion, we need to know how much water can be reduced without decreasing yield. This depends, among other
things, on the growth stage of the plant, its rate of water use and plant available water (which depends on the soil
type) involving evapotranspiration demand. Corn requires different amounts of water at different growth stages.
It requires less water at the early and late growth stages, while the peak water requirement occurs during the pe-
riod two weeks before and after silking [5]-[7]. In the Mississippi Delta, there is usually adequate precipitation
during the vegetative growth stages of corn plants (April-May), but during the reproductive and the grain fill
stages (June-August) there is frequent drought and irrigation is required to avoid yield loss. Therefore, the need
for efficient use of irrigation water in corn in the Mississippi Delta arises mainly during the reproductive and the
grain fill stages of corn.

Physiological responses of plants to a gradient of soil moisture content can help in determining at what soil
moisture level plant water deficit stress is initiated, which then can be used to determine how much water can be
reduced without affecting major physiological processes that contribute to crop growth and yield. A major effect
of soil moisture reduction in plants is reduction in photosynthesis [8]-[10]. Kernel growth and development in
corn is highly dependent on assimilate supply from concurrent photosynthesis, supplemented with remobilized
stem carbohydrate reserves during grain fill [11] [12]. Responses of photosynthesis and photosynthetic pigments
content (chlorophyll and carotenoids), chlorophyll fluorescence, relative water content and other physiological
parameters are often used to determine the effects of soil moisture stress in plants [13]-[15].

Amount of soil water that is available to plants (water held in soil between field capacity and permanent wilt-
ing point) depends on the soil textural class. Silt loam soils hold the largest amount of plant available water
whereas sandy soils hold the lowest amount of plant available water [16]-[18]. In this study a Dundee silt loam
soil, which is one of the typical soils in the Mississippi Delta, was used and the soil moisture treatments were
based on the field capacity of this soil. There is no report on efficient water use in corn at different growth stages
on a specific soil type of the Mississippi Delta. Therefore, this study was designed to determine at which repro-
ductive and grain fill stages water can be reduced without affecting corn yield, and at what soil moisture level
water deficit stress begins on the plants in a Dundee silt loam soil.

2. Materials and Methods
2.1. Experimental Design

A greenhouse experiment was conducted using a commercial corn hybrid, Pioneer P33N58, in the fall of 2013.
The experimental design was a randomized complete block with a 3 x 4 factorial design in four replications. The
treatments consisted of three soil moisture levels and four growth stages of corn during late vegetative, repro-
ductive, and grain fill stages. The three soil moisture treatments included 100%, 75% and 50% of field capacity
(FC) of a silt loam soil by weight. The four corn growth stages included the fourteen leaf stage (V14), silking
(R1), milk stage (R3) and dent stage (R5). A Dundee silt loam soil (32% sand, 54% silt and 14% clay), one of
the typical soil types in the Mississippi Delta, collected from an experimental field in Stoneville, MS was used
in this study. Before the experiment started, field capacity for this soil was determined on soil dry weight basis.
Three 19-liter pots were filled with 15 kg of soil and saturated with water setting them at room temperature. The
pots were covered with plastic wrap and were left to drain for three days. Weights of each individual pot were
recorded and the soil was then oven dried. Then soil water content at FC was calculated as the difference be-
tween the soil weight after drainage and soil weight after oven drying.

2.2. Plant Growth Conditions and Soil Moisture Treatments

Pots were filled with 15 kg of dry soil and each pot was placed on a scale (MyWeigh HD Series 150 Digital
Scale) to monitor and record pot weight for water application. Corn seeds were planted in seedling starter inserts
filled with potting soil, and when seedlings were ten days old one seedling was transplanted to each pot. The
plants were grown at 30°C/25°C day/night temperature in greenhouse with 14-h photoperiod (with supplemental
lighting). After the seedlings were transplanted to pots, they were fertilized with half strength water soluble gar-
den fertilizer (MiracleGro 18-18-21) during watering until they were three weeks old, and with full strength the-
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reafter at each watering until plants reached the silking stage. The plants were watered to 100% FC until soil
moisture treatments were started. Pot weights were recorded daily and water was applied to maintain the desired
level of soil moisture.

The first treatment started at the V14 growth stage. The pots assigned to this treatment were watered at 100%,
75% and 50% FC, which continued until the plants reached physiological maturity. The other soil moisture
treatments at the R1, R3 and R5 stages were also executed in the same manner, with irrigation treatments begin-
ning at each growth stage and continuing through physiological maturity. Extra plants were grown under the
same conditions and were harvested at the ten leaf stage, and at the beginning of each growth stage treatment.
The weights of the harvested plants were used to account for the additional weight on the pots due to plant
growth, and to adjust watering accordingly. Pot weight and amount of water added were recorded every morning.

2.3. Crop Development and Yield Determination

In this experiment the plants reached the V14 stage at 46 days after planting (DAP). The R1, R3 and R5 stages
were reached at about 57, 71 and 82 DAP, respectively, and physiological maturity was reached at 98 DAP. Ears
were harvested two weeks after physiological maturity and were air dried until seed moisture reached about 15%.
Data were collected on kernel weight per ear (yield), kernel number per ear, ear size (length and width) and total
above ground biomass.

2.4. Physiological Measurements

A separate experiment was conducted for physiological measurements because leaf sampling could damage the
plants in the main experiment and affect yield, and also the plants were too tall to reach for photosynthesis mea-
surements at the V14 to R5 growth stages. Physiological measurements were conducted to monitor water deficit
stress on the plants. The experiment was conducted using the same soil and greenhouse growing conditions as in
the main experiment at the three soil moisture treatments (100%, 75% and 50% FC). The experimental design
was a randomized complete block with three soil moisture treatments in four replications. Soil moisture treat-
ments were conducted when the plants were between the V10 to V12 (ten to twelve leaf) growth stages. Mea-
surements were made on photosynthesis, chlorophyll and carotenoids content, and leaf relative water content.

Photosynthesis measurements were made on the youngest and fully expanded leaves between 10:00 am and
11:00 am on a sunny day. Photosynthesis was determined using a LI-6400XT portable photosynthesis system
(Li-Cor Biosciences; Lincoln, NE) with a 6400-02(B) LED light source attached to the leaf chamber. Tempera-
ture in the leaf chamber was set at 30°C. Carbon dioxide levels in the leaf chamber were controlled using CO,
cartridge at a fixed flow rate of 500 pmol-s ™. Carbon dioxide concentration within the leaf chamber was fixed at
370 umol-mol ™.

Chlorophyll and carotenoids were determined on the same young and fully expanded leaves used for photo-
synthesis. Two 10-mm diameter leaf discs were taken from the middle part of the blade, placed in vials contain-
ing 2 ml absolute ethanol and incubated for 24 h at room temperature (25°C) in the dark. Chlorophyll a (Chl a) and
chlorophyll b (Chl b) were determined by measuring absorbance at 645 and 663 nm wavelengths on a spectropho-
tometer (Beckman Coulter DU 800 Spectrophotometer, Brea, CA) and computed following the method of Hen-
dry and Price [19]. Then, total chlorophyll (Chl) and chlorophyll a/chlorophyll b ratio (Chl a/b) were calculated.

Relative water content was determined using six leaf discs with diameter of 17 mm taken from the youngest
fully expanded leaves of each plant. The leaf samples were kept in vials in a cooler during sampling in the
greenhouse, and as soon as they were brought to the lab fresh weight was determined for each sample, followed
by flotation in deionized water for 8 hr. The turgid weight was then recorded, and the leaf tissue was subse-
quently oven-dried to a constant weight at about 70°C for 3 days. Relative water content (RWC) was then cal-
culated as:

RWC (%) =[ (FW -DW)/(TW -DW)|x100
where, FW is fresh weight, DW is dry weight and TW is turgid weight of leaf samples.

2.5. Seed Composition Analysis

Corn kernels from each pot were analyzed for protein, oil, starch and fiber percentage using a near infrared (NIR)
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reflectance diode array feed analyzer (Petren, Springfield, IL) [20] [21]. Calibration equations were developed
by Perten using Thermo Galactic Grams PLS 1Q. The calibration curve has been regularly updated for unique
samples according to AOAC methods [22] [23].

2.6. Data Analysis

Data on corn yield, yield components and seed composition were analyzed using the GLIMMIX procedure in
SAS 9.3 (SAS Institute, Inc., Cary, N.C.) as a randomized complete block design with a 3 x 4 factorial, soil
moisture treatments and growth stages as the experimental units. Analysis on data from the physiological mea-
surements was conducted using the PROC ANOVA procedure in SAS.

3. Results
3.1.Yield and Yield Components

Soil moisture level had a highly significant effect on yield, but growth stage and growth stage by soil moisture
interaction were not significant (Table 1). No significant differences in yield were observed between the 100%
and the 75% FC treatments at the R1 (silking), R3 (Milk) and R5 (dent) stages, but at the 50% FC treatment
yield was significantly lower than the 100% FC in all growth stages (Figure 1). At V14 growth stage, mean
yield was reduced from 175 g at the 100% treatment to 145 g (17% lower) and 132 g (24% lower) at the 75%
and 50% treatments, respectively (Figure 1). At the R1, R3 and R5 growth stages the reduction in yield in the
75% FC treatment ranged only from 5% to 9%, whereas it was 17% to 23% in the 50% FC treatment compared
with the 100%.

Soil moisture level and growth stage had highly significant effect on average kernel number per ear (Table 1).
Kernel number was significantly higher in the 100% and 75% FC treatments with significantly higher values at
the R3 and R5 growth stages (Table 2(a) and Table 2(b)). Ear weight and ear width were highly significantly
affected by soil moisture level, but not by growth stage. Ear weight was significantly higher at the 100% FC and
was the lowest at the 50% FC treatment (Table 2(a)). Ear width was significantly higher at the 100% and the
75% FC treatments than at the 50% FC treatment. Shoot biomass was highly significantly affected by growth
stage and by the interaction of growth stage and soil moisture (Table 2(c)). However, the variation in shoot
biomass did not seem to be related to any specific soil moisture treatment or growth stage.

It was observed that, after tasseling, the plants still grew taller to various degrees, which is not the case in
field grown corn plants. This could be due to greenhouse growing conditions and could have been the cause for
the random variation in the amount of dry matter accumulated in the plants.

3.2. Water Use

Both soil moisture and growth stage had significant effects on water use. Average water use per plant for the
100% FC treatment was about 53 liters (Table 3). Water savings in the 75% FC and 50% FC treatments were

Table 1. Analysis of variance (P values) for kernel weight (yield) kernel number per ear, ear weight, ear width, shoot bio-
mass, water use efficiency (WUE, kernel weight per liter of water), WUE (shoot biomass per liter of water), and seed com-
position (protein, oil, fiber and starch).

Effect DF Kernel weight Kernel number Ear weight Ear width Ear length Shoot biomass
Soil moisture 2 0.0003™ 0.0193" 0.0001™ 0.0015™ 0.2285 0.8235
Growth stage 3 0.7072 0.0386" 0.8896 0.8112 0.0781 0.0202"
Growth stage x 0.8132 0.1118 0.8622 0.8475 0.3133 0.0445"
soil moisture
Effect WUE (kernel wt-L™) WUE (biom-L™) Protein 0il Fiber Starch
Soil moisture 2 0.1498 0.0004™ 0.0044™ 0.5259 0.5071 0.4014
Growth stage 3 0.5940 0.0002™ 0.0509" 0.3665 0.0951 0.2539
Growth stage x 0.8487 0.0166" 0.0814 0.1437 0.7395 0.1153
soil moisture
“P<0.05and "P <0.01.
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Figure 1. Corn kernel weight per ear in grams as influenced by soil moisture
treatments (100 = 100% of field capacity (FC), 75 = 75% FC, 50 = 50% FC)
at different growth stages (V14 = fourteen leaf stage, R1 = silk stage, R3 =
milk stage and R5 = dent stage).

Table 2. (a) Kernel number per ear, ear weight (gm), ear width (cm) and kernel protein content (%) averaged over soil
moisture treatment; (b) Kernel number per ear, shoot biomass and kernel protein content (%) averaged over growth stage;

and (c) Average shoot biomass and protein content at the different soil moisture and growth stage combinations.

(@)
Soil moisture (% FC) Kernel number Ear weight (gm) Ear width (cm)
100 531a 232a 51a
75 532a 214 b 49a
50 460 b 187¢c 46b
(b)
Growth stage Kernel number Shoot biomass (gm)
V14 453 b 334a
R1 514 ab 337a
R3 519a 317 ab
R5 545a 299b
(©
Growth stage Soil moisture (% FC) Shoot biomass (gm) Protein (%)
V14 100 313 bed 10.08 e
Vi4 75 320 bed 10.65 b
Vi4 50 369a 11.00a
R1 100 357 ab 10.03 e
R1 75 329 abc 10.53 bc
R1 50 324 abc 111a
R3 100 296 cd 10.23 de
R3 75 326 abc 10.15e
R3 50 329 abc 10.03 e
R5 100 308 cd 10.11e
R5 75 309 cd 10.55 bc
R5 50 279d 10.43 cd

Means with different letters in columns are significantly different (P < 0.05).
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Table 3. Average yield reduction in percentage at the 75% and 50% field capacity soil moisture treatments for all growth
stages, average water used for each treatment and water saved in liters and in percentage relative to the 100% field capacity

treatment.
Water use Yield
Growth stage
Total water (L) Water saved (L) Water saved (%0) Yield (grams) Yield reduction (%)
V14-100 525a 0 0 1745a 0
V14-75 44.7 cd 7.8 14.9 1454 b 16.7
V14-50 41.0d 115 21.9 132.1b 24.3
R1-100 52.4a 0 0 170.7a 0
R1-75 47.1bc 5.3 10.1 156.2 a 8.3
R1-50 43.7cd 9.7 16.6 1314b 23.0
R3-100 53.0a 0 0 175.2a 0
R3-75 50.1 ab 29 55 159.3 ab 9.1
R3-50 459 ¢ 7.1 134 1452 b 17.1
R5-100 55.5a 0 0 172.1a 0
R5-75 50.5 ab 31 5.8 163.2a 5.2
R5-50 49.8 ab 3.8 7.1 140.7b 18.2

Means with different letters in columns are significantly different (P < 0.05).

significantly higher at the V14 and R1 growth stages compared with water used in the 100% FC treatment. The
75% FC treatment saved about 8 liters (15%) at the V14 stage, but yield was significantly lower at this growth
stage compared to the 100% FC treatment (Table 3). At the R1 growth stage, about 5 liters (10%) of water was
saved at the 75% FC treatment without a significant reduction in yield relative to the 100% FC treatment. At the
R3 and R5 stages, 3 liters (6%) and 3 liters (6%) were saved, respectively, but this amount of water was not sig-
nificantly lower than the amount used for the 100% FC. In the 50% FC treatment, water savings were signifi-
cantly greater than in the 100% FC treatment at the V14, R1 and R3 growth stages, with average values of about
12 liters (22%), 10 liters (17%) and 7 liters (13%), respectively (Table 3). However, all these water savings at
the 50% FC treatments were gained with significant yield loss.

Kernel weight or yield per liter of water (water use efficiency) was not significantly different among the dif-
ferent soil moisture treatments at the different growth stages as shown in Figure 2(a). However, water use effi-
ciency based on dry shoot biomass was significantly different among the soil moisture treatments within each
growth stage (Figure 2(b)). Values for the 50% FC treatments were significantly higher than those of the 100%
and the 75% treatments at the V14, R1 and R3 stages with the highest value at the V14 stage.

3.3. Physiological Responses

Physiological measurements were conducted between the V10 and V12 growth stages to determine the stress
level on the plants under the reduced soil moisture treatments. Gas exchange properties (photosynthesis, stomat-
al conductance, internal CO, concentration and transpiration) showed differences at the 100% FC, 75% FC and
50% FC soil moisture treatments. Photosynthesis or assimilation rate (A) was significantly reduced at the 75%
and 50% FC treatments (Table 4). At the 100% FC treatment A was about 25 umol-m s, and at the 75%
treatment it was reduced to about 23 umol-m %.s*, but at the 50% FC treatment reduction was more than 50%
(11.2 pmol-m %.s ). Stomatal conductance (gs) and transpiration (E) were not significantly different at the 100%
and 75% FC treatments, but were significantly lower at the 50% FC. Internal CO, concentration (C;) was signif-
icantly higher at the 50% FC treatment (Table 4). Photosynthetic pigments (Chlorophyll and Chlorophyll
a/Chlorophyll b ratio) showed significant difference in the three soil moisture treatments. Chlorophyll content
(Chl) showed a similar response pattern as A. There was a significant reduction in Chl at 75% FC and 50%
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Figure 2. Water use efficiency based on (a) Kernel weight in grams
per liter of water and (b) Dry shoot biomass in grams per liter of water,
at the 100%, 75% and 50% field capacity (FC) treatments at the V14,
R1, R3 and R5 growth stages.

Table 4. Photosynthesis (A), stomatal conductance (gs), internal CO, concentration (C;), transpiration (E), relative water
content (RWC), chlorophyll (Chl) and chlorophyll a/chlorophyll b ratio (Chl a/b) at three soil moisture treatments (100%,
75% and 50% of field capacity of silt loam soil) conducted on young and fully expanded leaves of greenhouse grown corn
plants at 10 to 12 leaf (V10 to VV12) growth stage.

Soil moisture (% FC) A (umol-m~2-s™) gs (mol-m=2.s7%) Ci (umol-mol™) E (mol-m™2.s7%)
100 24.7 a 047 a 192 b 52a
75 229b 0.44 a 208 b 51a
50 11.2¢c 0.20b 284 a 27b
Soil moisture (% FC) RWC (%) Chl (umol-cm™) Chl a/b
100 94.4 a 33.1a 259b
75 92.8a 314b 2.76 ab
50 83.8b 294c¢ 3.05a

Means with different letters in columns are significantly different (P < 0.05).

FC treatments, with values of 33.1 pmol-cm™2, 31.4 pmol-cm 2 and 29.4 pmol-cm 2 at 100 FC, 75% FC and
50% FC, respectively (Table 4). Chlorophyll a/Chlorophyll b ratio (Chl a/b) showed a significantly higher value
at the 50% FC, but was similar at the 100% and 75% FC. Leaf relative water content (RWC) was reduced at
75% FC, but was not significantly different from the 100% FC treatment (94.4% and 92.8% for the 100% FC
and 75% FC treatments, respectively), but there was a significant reduction at 50% FC treatment, to a value of

()
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83.8%.

3.4. Seed Composition

Soil moisture treatments and growth stages had significant effect on percent kernel protein content (Table 1,
Table 2(c)). No significant changes were observed in oil, fiber and starch under the different soil moisture
treatments and growth stages (Table 1). Percent kernel protein content was significantly higher in the 50% FC
treatments at the V14 and R1 growth stages followed by the 75% FC treatment in the V14 and R1 growth stages
(Table 2(c)). All the 100% FC treatments had significantly lower kernel protein content. At the R3 and R5
growth stages, the 50% and 75% FC treatments had intermediate to low protein content indicating that reduced
soil moisture at the later stages of the corn growth had less effect on kernel protein content.

4. Discussion

This study showed that reducing soil moisture from 100% FC to 75% FC of a silt loam soil starting at the R1
growth stage in corn resulted in some reduction in yield, but yield was not significantly lower from that of the
100% FC treatment. This reduction in soil moisture starting at the R1 stage saved a significant amount of water
with little compromise in yield. Maximum yield reduction due to moisture deficit stress in corn occurs at R1 or
silking stage due to unsuccessful fertilization of the ovules during pollination [24]-[27]. However, in this study
reducing soil moisture to 75% FC of a silt loam soil did not affect yield significantly. This could be partially ex-
plained by the water holding capacity of the soil. The amount of plant available water at 75% FC varies with soil
textural class. Silt loam soils hold the largest amount of plant available water with 1.7 - 2.1 millimeters of water
per centimeter of soil depth, whereas clay and sandy soils have 1.0 - 1.25 and 0.6 - 0.8 millimeters of water per
centimeter, respectively [16] [17]. This means there is more soil water available to plants at 75% FC in the silt
loam soil than the other soil textural classes. Therefore, the 75% FC treatment at the R1 stage may have retained
sufficient moisture to maintain fertilization and development of kernels and produce yield comparable or close
to that of the 100% FC treatment. Moreover, in the present study, the soil moisture treatments at the different
growth stages were continued until maturity rather than a brief stress treatment only during a specific growth
stage, as in other studies [7] [26].

The 50% FC treatment had higher water savings than the 75% FC treatment, but these water savings costed
significant yield reductions. The 50% FC treatment might have had significant moisture deficit stress on the
plants starting at the V14 growth stage, as observed from the delay in tassel and silk emergence, and this has
been reported in other studies in corn plants under moisture deficit stress [7] [8] [24]. Out of all the vegetative
growth stages, the period V14 to V15 growth stage is the most critical period for seed yield determination [6]
[28] [29]. The number of ovules that develop silks, which in turn would determine the number of kernels per
row, is determined at this stage, thus moisture deficiency at this stage may seriously reduce the number of ker-
nels that develop [6] [27] [28]. In the present study, significant reduction in yield at 50% FC at the V14 stage
could have been brought about by reduction in the number of ovules that develop silks. Moisture deficit stress
that continues after pollination into the early stages of kernel development can abort developing kernels [6] [7].
In this study this could have occurred in the 50% FC treatments at the R1 growth stage resulting in significant
yield reduction, and to some extent in the 75% FC treatment. At the R3 and the R5 growth stages, the significant
yield reductions at the 50% FC treatments could have been due to reduction in kernel weight because of insuffi-
cient supply of carbohydrates to get the kernels to their final size and weight [30] [31]. The significantly lower
ear weight and ear width in the 50% FC treatment at these growth stages could also have resulted due to the
smaller kernel sizes.

Reducing soil moisture to 75% FC significantly reduced A and Chl at the vegetative growth stages, even
though reduction in RWC was not significant. This may suggest that these physiological parameters were af-
fected before a significant reduction in leaf water content occurred, or that there might have been additional fac-
tors that contribute to their reduction. Decrease in A is a result of stomatal limitations (low stomatal conductance
which limits availability of CO, for A) and non-stomatal limitations (reduction in biochemical capacity for car-
bon assimilation) [9] [14] [15]. In this study, in the 50% FC treatment, the highly significant reduction in A
could have been due to both stomatal and biochemical limitations as indicated by the significantly lower g5 and
higher C; values. However, in the 75% FC treatment stomatal limitation did not seem to have much effect on
reduction of A as gs values were similar between the 100% FC and the 75% FC treatments and there was a

()
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higher C; in the 75% FC, which could be a sign of reduction in biochemical processes in the photosynthetic ap-
paratus. Chlorophyll a/b ratio is elevated when plants are stressed and has been reported to be a good indicator
of the stress level on a plant [32] [33]. The Chl a/b ratio was significantly higher in the 50% FC treatment
showing that the plants under this treatment were the most stressed as indicated by all the other physiological
parameters, but the 75% FC treatment had intermediate values between the 100% FC and the 50% FC treat-
ments, suggesting that there were some signs of stress on the plants at this level of soil moisture. Results from
these physiological parameters suggest that soil moisture deficit stress on the plants may have started at the 75%
FC treatment.

Limited water availability can significantly impair A, reducing the amount of assimilate available for grain
development [9] [31]. Kernel growth and development in corn is highly dependent on assimilate supply from
concurrent photosynthesis, supplemented with remobilized stem carbohydrate reserves during grain fill [11] [12].
Although the A measurements in this study were conducted at the vegetative growth stage, we could perhaps re-
late the reduction in A to the reduction in grain yield at the different soil moisture treatments and growth stages.
The significantly lower yields at the 50% FC treatment in all growth stages might have resulted primarily due to
significantly lower A at this soil moisture treatment. Likewise, in the 75% FC treatment, the slight reduction in
yield in all the growth stages, compared to the 100% FC, might have been due to lower A.

Kernel protein content was altered with reduction in soil moisture from 100% FC to 75% and 50% in a silt
loam soil in this study, but the degree of this alteration depended on the growth stage of the plants, with signifi-
cant effect at the earlier growth stages and less or no effect at the latter growth stages. The non-significant dif-
ferences in kernel oil and starch contents among treatments may reflect that kernel oil and starch were less sen-
sitive to the soil moisture treatments compared with protein content. However, in a previous study conducted
under irrigated and non-irrigated field conditions, starch content was significantly lower and protein content was
significantly higher under non-irrigated conditions in commercial corn hybrids [34]. The absence of effect of
soil moisture treatments in starch content in this study could perhaps be due to the fact that the reduction in soil
moisture to 50% FC in silt loam soil did not reach the threshold amount that could result in changes in starch
content.

5. Summary

In this study, an investigation to determine the reproductive and grain fill stages in corn at which water could be
reduced without affecting grain yield showed that, in a silt loam soil, reducing soil moisture to 75% of the field
capacity starting at the R1 stage did not reduce yield significantly and saved a significant amount of water. If
further tests show that the savings in water could bring significant reduction in energy cost for irrigation, it may
be profitable to reduce soil moisture to 75% FC in a silt loam soil. Physiological investigations suggested that
corn plants showed some signs of moisture deficit stress at the 75% FC treatment. This study was conducted
under greenhouse conditions and might not represent the field environment. Therefore, it needs to be tested un-
der the humid and hot Mississippi Delta environmental conditions.
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