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'is study investigates the effect of irrigation (FI, all rows-irrigation; HI, alternate row irrigation; RF, rainfed) and planting
geometry (PG) (SR, single-row; TR, twin-row) on soybean seed constituents. Results showed that most of these seed components
were significantly affected by crop season due to contrasting precipitation and solar radiation patterns, particularly during July-
August, coinciding with early reproductive and seed development stages. Both seed protein and oil levels responded positively to
irrigation, while most of the amino acids were nonresponsive.'e protein content ranged between 36.3 and 37.6% in 2018, while it
was between 36.4 and 38.3% in 2019. Total seed oil content varied between 24.2 and 26.1% in 2018 and between 25.3 and 26.5% in
2019. Among amino acids, glycine, alanine, valine, and methionine levels were significantly higher in both FI and HI treatments.
Among sugars, only sucrose was higher in response to the RF treatment, and irrigation did not affect both stachyose and raffinose.
Oleic acid was higher in RF, while no significant differences were observed for linolenic and linoleic acids. Similarly, seasonal
variation was significant for stearic acid content, but the 2019 season had relatively higher accumulation (stearic acid: between 4.1
and 4.5% in 2018 and from 4.6 to 4.9% in 2019). 'ese results indicate that both irrigation and climate during seed development
can alter some seed composition constituents and play critical roles in determining seed nutritional qualities.

1. Introduction

Soybean (Glycine max (L.) Merr.) is an important food le-
gume crop worldwide, providing vegetable protein for
millions of people and ingredients for hundreds of food and
nonfood products. 'e seeds provide approximately 60% of
the global supply of vegetable protein and are a good
substitute for animal protein. 'e global area of soybeans in
2018 was 125.3 million ha with a production of 360 million
tons (t) of grain at an average yield of 2.88 t ha−1. 'e United
States accounts for about 35.45 million ha with a production
of 240 million t and a productivity of 3.4 t ha−1 [1]. About 60
percent of US soybeans are exported worldwide, while the
rest is processed for domestic consumption. However, re-
gardless of where they are used, the vast majority are crushed

to separate the seed’s protein and oil. Soybean seed contains
about 30–45% high-quality protein with essential amino
acids and 15–22% oil with a high proportion of unsaturated
fatty acids.

Soybean seed contains about 10% palmitic acid (C16:0),
4% stearic acid (C18:0), 22% oleic acid (C18:1), 54% linoleic
acid (C18:2), and 10% linolenic acid (C18:3) [2]. Higher
levels of protein and oil are desirable since their key con-
tribution to better soybean quality and higher oil industry
profitability. Deep-pot frying with soybean oil results in the
hydrogenation of unsaturated fatty acids, particularly
polyunsaturated fatty acids like linoleic (C18:2) and linolenic
acids (C18:3), which is linked to the enhanced incidence of
heart disease [3]. Hence, the food and seed oil industry are
leaning towards soybean with high oleic acid and low
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linolenic acid due to their contribution to soybean oil’s
oxidative stability [2]. Similarly, as higher levels of palmitic
acid led to oxidative instability, its reduced levels (40 g Kg−1)
are preferred by the industry for human consumption.
Among sugars, both raffinose and stachyose are undesirable
to the soybean food industry due to their indigestibility
leading to flatulence and, in some cases, diarrhea. At the
same time, higher sucrose is preferred as it improves taste
and flavor in soy-based foods [4].

Traditionally, soybean was cultivated on single rows (SR)
on raised seedbeds. Many producers in Mississippi and
adjoining states in the Midsouth in recent years have shifted
from the SR planting to a twin-row (TR) planting geometry
(PG) owing to enhanced productivity and operational fea-
sibility [5–8]. 'e rows are separated by 102 cm in the SR
system, while 25 cm spaced two rows planted on a flattened
ridge are separated by 102 cm in the TR system. Over 60% of
soybean acreage is currently irrigated in the Mississippi
Delta region to stabilize farm productivity, as the large
interseasonal and intraseasonal variability in precipitation
during the crop season (April–September) are limiting the
yields [9]. Both PG and irrigation are two key crop man-
agement practices for optimizing seed yield in the Midsouth
[8, 10]. However, their effects on seed composition (protein,
oil, fatty acids, sugars, and amino acids) in soybean in the
Midsouth are limited. It was reported that irrigation had
affected significantly seed protein and oil. Protein levels
increased with irrigation, while oil content was higher in the
nonirrigated crop but was subject to year wise and cultivar
differences [11]. Another study conducted in Tennessee
demonstrated that row spacing had significantly altered seed
constituents like protein, oil, and sugars but environmental
factors like heat and drought had a much more profound
effect [5]. Both seeding rate and row spacing affected the
seed composition, and high variation among the years of
study was observed due to incident variability in the tem-
peratures and drought [6]. 'e different responses of seed
composition, including protein, oil, and fatty acids, to
temperature and drought, have also been previously re-
ported by [11–13]. A similar study on cotton reported
variable response for seed constituents to moisture and row
spacing [14].

Although limited information is available on the effects
of irrigation, drought, and PG, on seed composition, to our
knowledge, there has been limited research done on the
combined effects of irrigation and PG on seed composition.
'erefore, the objective of the current study was to evaluate
the effects of SR and TR plantings with three levels of ir-
rigation (FI, HI, and RF) on soybean seed composition in silt
loams soil of the Mississippi Delta. 'is is a unique study
reporting the interaction of skipped row irrigation (HF) with
row spacing, which has more relevance as the significant
number of producers has switched to TR planting in Mis-
sissippi Delta in the recent past. We hypothesized that (1) the
PG combined with different irrigation levels will subject the
crop to a new growing microenvironment, as TR pattern

results in early canopy closure and high light interception,
and (2) increases in carbon assimilation and nutrients up-
take rates can impact favorably higher accumulation of seed
protein, oils, sugars, and amino acids.

2. Materials and Methods

2.1. Field Conditions and Crop Management. 'e two-year
(2018-2019) field experiments were undertaken at the
USDA-ARS Crop Production Systems Research Unit Farm,
Stoneville, Mississippi, USA (33° 42′N, 90° 55′W, elevation:
32m above mean sea level) on a Dundee silt loam (fine silty,
mixed, active, thermic Typic Endoaqualfs) soil. 'e physical
and health parameters of the top 15 cm soil of the experi-
mental field are given in Table 1. 'e field saturated hy-
draulic conductivity ranged between 0.52 and 1.49 cmhr−1

(Saturo infiltrometer, METER Group, Inc., USA).
Soybean cultivar “31RY45 Dyna-Gro” (maturity group

IV) was planted in a split-plot design with six replicates. 'e
main plots were three irrigation regimes (i) FI, (ii) HI, and
(iii) RF, while the subplots consisted of two planting ge-
ometries: (i) SR, single rows evenly spaced at 102 cm apart,
and (ii) TR, two rows spaced at 25 cm apart on 102 cm
centered seedbeds. 'e tests were planted on May 8, 2018,
and May 2, 2019. Each plot size was 40m× 3.9m.'e details
of field preparation, planting, irrigation, crop management,
and sample collection were described by Pinnamaneni et al.
[7]. Weather data were collected from the nearest weather
station, that is, Mid-South Agricultural Weather Service,
Delta Research and Extension Center, Stoneville, Mis-
sissippi. 'e amount of precipitation received during the
2018 crop season (April-September) was 730.76mm, while
895.60mm was received in the 2019 season. 'e growing
degree days (GDD) in °C were calculated using a base
temperature (T base) of 10°C [15]. 'e crop was harvested
after physiological maturity with a combine, and grain yields
per ha were computed.

2.2. Seed Protein, Oil, Fatty Acids, and Sugars Analyses.
About 25 g of mature and dry seeds collected at the R8 stage
was ground by a Laboratory Mill 3600 (Perten, Springfield,
IL). 'e protein, oil, fatty acids, and sugars (sucrose, raffi-
nose, and stachyose) contents were quantified using a Diode
Array Feed Analyzer AD 7200 (Perten, Springfield, IL). Seed
analyses were conducted according to Xue et al. [16]. 'e
updated calibration equation used was from Perten’s
'ermo Galactic Grams PLS IQ software, which was initially
developed at the University of Minnesota and then upgraded
by the Perten Company. 'e calibration equations were
established based on laboratory protocols according to
Association of Official Analytical Chemists (AOAC)
methods [17]. Fatty acids (palmitic, stearic, oleic, linoleic,
and linolenic) were expressed on a total oil basis. Protein, oil,
and sugars (sucrose, raffinose, and stachyose) were expressed
on a dry matter basis [18].
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2.3. SeedAminoAcidsAnalyses. 'e amino acid content was
estimated using a near-infrared (NIR) reflectance diode
array feed analyzer (Perten, Springfield, IL) according to the
published protocols [16, 18] on mature dry seeds. Individual
amino acids arginine (ARG), alanine (ALN), asparagine
(ASP), cysteine (CYS), glutamine (GLU), glycine (GLY),
histidine (HIS), isoleucine (ISO-LEU), lysine (LYS), leucine
(LEU), methionine (MET), phenylalanine (PHE), proline
(PRO), serine (SER), tryptophan (TRY), threonine (THR),
tyrosine (TYR), and valine (VAL) were analyzed [19, 20].
'e calibration equation was initially developed by the
Department of Agronomy and Plant Genetics, University of
Minnesota, St Paul, MN, using 'ermo Galactic Grams PLS
IQ software developed by the Perten Company (Perten,
Springfield, IL). 'e quantification equation was established
using laboratory protocols according to the AOAC sample
spectra, resulting in accurate estimations of amino acid
quantification. Amino acid content was expressed on a dry
matter basis (%).

2.4. Statistical Analyses. Data were subjected to analysis of
variance (ANOVA) using PROC MIXED in Statistical
Analysis System (SAS® version 9.4; SAS Institute Inc., Cary,
NC). Replicate within the year was considered as random
effects. 'e year, irrigation, PG, and their interactions were
considered as fixed effects and replication and whole plot
(irrigation) were considered as random effects. Random
effects used in this model for the comparison across years
were irrigation X year, PG X year, and irrigation X PG X
year. Treatment means were separated at the 5% level of
significance using Fisher’s protected least significant dif-
ference (LSD) test. Because the interactions involving
combinations of the year (Y), PG, and irrigation were sig-
nificant for some seed composition constituents, results were
presented separately by year.

3. Results

3.1. Weather Differences in the Crop Seasons. 'e weather
parameters were significantly different during the two
cropping seasons (April–September) of the study (Figures 1
and 2). 'e 2018 crop season received 147mm rainfall
during the June-July period compared to 273mm in 2019,
which coincided with flowering and early pod development
(phenological stages, R1–R4). 'e month of August coin-
cided with pod maturation (R4–R8) and the 2018 season had

2.5 times higher rainfall than that of 2019 (231mm in 2018
versus 92mm in 2019). 'ough the growing season in 2018
received more rainfall, the rainfall received during the
soybean vegetative growth period (May–July) in 2018 co-
incided with periods of lower rainfall (375mm lesser than
that of 2019) higher mean minimum and maximum air
temperatures. 'e peak flowering period (June-July) in 2018
recorded 51 additional GDD than in 2019 (782 in 2019 versus
833 in 2018). In the case of solar radiation, the reproductive
phase (June–August) recorded significant differences among
the two seasons (2018: 1131MJ·m−2·day−1 versus 2019:
1548MJ·m−2·day−1). 'ese differences in weather during the
two crop seasons, specifically during the reproductive phase,
were reflected in the ANOVA tests for several of the seed
composition traits between the 2018 and 2019 seasons
(Tables 2 and 3).

3.2. ANOVA for Seed Composition Constituents. ANOVA
(Tables 2 and 3) showed that irrigation, PG, year, and their
interactions had significant effects on some seed compo-
sition components but not on others. For instance, irri-
gation levels had affected seed protein, oil, stearic acid,
sucrose, and several amino acids (THR, GLU, GLY, ALA,
TYR, VAL, and MET (Tables 2 and 3). However, PG had
affected stearic acid and sucrose besides most of the amino
acids. Year affected all the traits studied, except for PRO,
LEU, and ARG. 'is is probably attributable to the high
variation in rainfall, temperature, solar radiation, and GDD
among the two crop seasons coinciding with the flowering
and pod development and seed maturation (Figures 1 and
2). 'e interactions were mostly nonsignificant except for
irrigation and PG affecting ASP and CYS, while the in-
teraction effect of irrigation and year was significant for
protein.

3.2.1. Seed Constituents as Influenced by Irrigation.
Irrigation and TR-PG had a favorable effect on seed yield in
both years, as reported by Pinnamaneni et al. [7]. 'e av-
erage grain yields among the irrigation and PG treatments
were FI: 4.8Mg·ha−1 in TR versus 4.2 in Mg·ha−1 in SR; HI:
4.7Mg·ha−1 in TR versus 4.1Mg·ha−1 in SR while in RF-TR
yielded 4.1Mg·ha−1, and the lowest yield was recorded in RF-
SR: 3.6Mg·ha−1.

(i) Seed Protein. 'e irrigated treatments recorded 2.3%
higher protein in 2018 and 1.8% higher in 2019 compared to

Table 1: Selected soil chemical properties of research fields used for studies in Stoneville, MS, USA, in 2018 and 2019.

Year Soil
depth

Soil
texture Soil description pH

Organic
matter Nitrogen CEC P K Ca Mg Zn S Cu

% % Meq
100 g−1 ppm Mg·Kg−1 ppm ppm ppm ppm ppm

2018 0–6″ Loam Dundee silt
loam 6.75 1.23 0.05 9.2 32 156 1168 246 1.6 6.1 1.4

2018 6–12″ Loam “ 6.79 1.2 0.06 13.4 19 142 1758 292 1.4 5.9 1.8

2019 0–6″ Loam Dundee silt
loam 6.83 1.24 0.05 8.2 27 119 1003 226 1.5 5.6 1.3

2019 6–12″ Loam “ 6.77 1.21 0.05 12.9 17 133 1617 296 1.4 5.8 2
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RF. 'e most rapid accumulation of protein in seed occurs
between 20 and 40 days after flowering but continues till 70
days after flowering [21]. As there was well-distributed
rainfall during August 2019, the differences in protein
content among RF, HI, and FI treatments were less pro-
nounced. 'e protein content ranged from 36.3 to 37.6% in

2018 and from 36.4 to 38.3% in 2019, indicating the crop
season differences in weather conditions (Table 4).

(ii) Oil and Fatty Acids. Seed oil deposition starts 15–20
after flowering based on the cultivar and weather conditions.
Irrigation has an inverse relationship with seed oil accu-
mulation, in contrast to seed protein accumulation. Total
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Figure 1: Measured air temperature and precipitation in 2018 and 2019 soybean growing seasons at Stoneville, MS, USA. (a) 2018 and
(b) 2019.
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Figure 2: Measured (a) growing degree days (GDD) and (b) solar radiation in 2018 and 2019 soybean growing seasons at Stoneville, MS,
USA.

Table 2: Significance of the main effects of irrigation regimes, year, and planting geometry (PG) and their interactions on seed composition
traits at Stoneville, MS, during 2018-2019 crop seasons.

Source of
variance df Protein Oil Palmitic

acid
Stearic
acid

Oleic
acid

Linoleic
acid

Linolenic
acid Sucrose Raffinose Stachyose Daidzin Glycitin Genistin

Irrigation
level 2 ∗ ∗ ∗ ns ns ns ns ∗ ns ns ns ns ns

PG 1 ns ns ns ∗ ns ns ns ∗ ns ns ns ns ns
Year 1 ∗ ∗ ∗ ∗∗ ∗∗ ∗∗ ∗ ∗∗ ns ∗

Irrigation
level ∗ PG 2 ns ns ns ns ns ns ns ns ns ns ns ns ns

Irrigation
level ∗
year

2 ∗ ns ns ns ns ns ns ns ns ns

PG ∗ year 1 ns ns ns ∗ ns ns ns ns ns ns
Irrigation
level ∗ PG
∗ year

2 ns ns ns ns ns ns ns ns ns ns

ns: nonsignificant. ∗ Significantly different at P≤ 0.05 level. ∗∗ Significantly different at P≤ 0.01 level.

Table 3: Significance of the main effects of irrigation regimes, year, and PG and their interactions on seed composition traits at Stoneville,
MS, during 2018-2019 crop seasons.

Source of variance df ASP THR SER GLU PRO GLY ALA CYS VAL MET ISO LEU TYR PHE LYS HIS ARG TRY
Irrigation level 2 ∗ ns ns ∗∗ ns ∗ ns ∗ ns ns ns ns ∗ ns ns ns ns ∗

PG 1 ∗ ∗ ns ∗ ns ∗ ns ∗ ns ns ∗ ∗ ns ns ns ns ∗ ∗

Year 1 ∗ ∗∗ ∗ ∗ ns ∗∗ ∗∗ ∗ ∗∗ ∗∗ ∗ ns ∗∗ ∗∗ ∗∗ ∗ ns ∗

Irrigation level ∗ PG 2 ∗ ns ns ns ns ns ns ∗ ns ns ns ns ns ns ns ns ns ns
Irrigation level ∗ year 2 ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns
PG ∗ year 1 ns ∗ ns ns ns ∗ ns ns ns ns ns ns ns ns ns ns ns ns
Irrigation level ∗ PG
∗ year 2 ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns

ns: nonsignificant. ∗Significantly different at P≤ 0.05 level. ∗∗Significantly different at P≤ 0.01 level.
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seed oil content varied from 24.2 to 26.1% in 2018, while it
ranged from 25.3 to 26.5% in 2019 (Table 4). However,
among the saturated and unsaturated fatty acids in soybean
seed, only palmitic acid was significantly affected by irri-
gation treatments as FI and HI had 6.4% and 1.6% higher
accumulation than that of RF in 2018 and 2019, respectively
(Table 3). 'e oleic, linoleic, and linolenic acid levels were
higher in the 2019 season. Oleic acid ranged from 25.7 to
28.5% in 2018 and from 24.6 to 26.6% in 2019, while linoleic
acid varied from 55.7 to 58.5% in 2018 and from 55.6 to
57.5% in 2019, indicating the seasonal variation. 'e lino-
lenic acid ranged from 5.7 to 7.2% in 2018 and from 5.3 to
6.1% in 2019. Similarly, seasonal variation was significant for
stearic acid content, but the 2019 season had relatively higher
accumulation (stearic acid: 4.1–4.5% in 2018 versus 4.6–4.9%
in 2019) (Table 4).

(iii) Sugars.'e levels of sucrose, stachyose, and raffinose
were quantified, and only irrigation had a significant inverse
relationship with sucrose accumulation. RF soybean seed
had 6.5% in 2018 and 6% in 2019 higher sucrose than FI and
HI (Table 5). A significant interseasonal variation was ob-
served for all three sugars.

(iv) Amino Acids. Out of the 18 amino acids quantified,
only ASP, GLU, GLY, CYS, and TYR were significantly
affected by irrigation. Both FI and HI irrigation treatments
had accumulated significantly higher levels of these amino
acids than the rainfed soybean, and the interseasonal vari-
ability is also significant (Table 3).'e range for each of these
amino acids year wise is ALA: 3.9–4 and 4.1–4.4; GLU:
3.6–4.0% and 4.4–5.0%; GLY: 2.8–3.1 and 2.3–2.5%; CYS:
024–0.32% and 0.29–0.35%; TYR: 1.5–1.8% and 1.3–1.6% in
2018 and 2019, respectively (Tables 6 and 7).

3.2.2. Seed Constituents as Influenced by PG.
Pinnamaneni et al. [7] have earlier reported that averaged
across two seasons and three irrigation regimes, TR en-
hanced grain yield by 13% over SR (4.5 Mg ha–1 vs. 4.0 Mg
ha-1) due to better plant stand establishment and inter-
ception of photosynthetically active radiation.

(v) Seed Protein. PG did not affect seed protein content
(Table 4).

(vi)Oil and Fatty Acids. PG did not influence the total oil
content. However, only stearic acid was affected significantly

(2018: SR-4.1 and TR-4.4; 2019: SR-4.6 and TR-4.8). Palmitic
acid, oleic acid, linoleic acid, and linolenic acid were not
affected by PG (Table 4).

(vii) Sugars. Among sucrose, stachyose, and raffinose,
only sucrose content was significantly and positively affected
by TR geometry (2018: SR-4.2 and TR-4.4; 2019: SR-4.6 and
TR-4.8) (Table 5).

(viii) Amino Acids. Among the quantified amino acids in
both the crop seasons, only THR, GLU, GLY, CYS, ISO,
LEU, ARG, and TRY were significantly affected in both
years, while ASP was affected only in the 2019 season
(Table 3). Except for THR, TR configuration had signifi-
cantly and negatively impacted the accumulation of GLU,
GLY, CYS, ISO, LEU, ARG, and TRY in both seasons
(Tables 6 and 7).

4. Discussion

'e seed constituents’ accumulation pattern was signifi-
cantly different for protein, oil, saturated and unsaturated
fatty acids, sucrose, stachyose, and most of the amino acids
except PRO, LEU, and ARG in the 2018 and 2019 crop
seasons. 'e sugar and raffinose accumulation in multiple
treatments was similar in both seasons, as an exception.
'ese broad-spectrum differences among the seed compo-
nents were not unexpected as the precipitation pattern,
temperatures, GDD, and solar radiation were distinctly
different. 'e mean daily temperatures in 2018 (27.7°C in

Table 4: Effect of irrigation treatments (FI, HI, and RF) and PG (single-row (SR) and twin-row (TR) planting) on soybean seed protein: oil,
palmitic (C16:0), stearic (C18:0), oleic (C18:1), linoleic (C18:2), linolenic (C18:3), and sugars (sucrose, raffinose, and stachyose).

Treatment PG
Protein (%) Oil (%) Palmitic acid Stearic acid Oleic acid Linoleic acid Linolenic

acid
2018 2019 2018 2019 2018 2019 2018 2019 2018 2019 2018 2019 2018 2019

FI SR 37.6a 37.4b 24.5c 25.6c 9a 9.8a 4.2b 4.6c 25.7 24.6 55.7 56.6 7.2 5.8
TR 37.3ab 36.6b 25b 25.3d 8.9a 9.5bc 4.5a 4.7bc 26.5 25.5 58.5 57.5 7 5.3

HI SR 37.3ab 38.3a 24.2c 26.2b 8.4c 9.4c 4.1b 4.8a 26.7 25.9 58.7 56.9 5.7 6.1
TR 36.7b 36.6b 25.5b 26b 8.6b 9.5bc 4.3a 4.9a 26.8 25.8 58 56.8 6.7 5.8

RF SR 36.6b 36.8b 25.9a 26.1b 8.1d 9.5bc 4.2b 4.6b 28.5 26.3 58.5 56.3 6.2 5.9
TR 36.3bc 36.4c 26.1a 26.5a 8.3c 9.3c 4.4a 4.8a 27.7 26.6 57.7 55.6 6.8 5.8

PG: planting geometry, FI: full irrigation, HI: half irrigation, and RF: rainfed. Means within each column followed by the same letter or letters are not
statistically different by LSD means (P≤ 0.05).

Table 5: Effect of irrigation treatments (FI, HI, and RF) and PG (SR
and TR planting) on soybean seed: sugars (sucrose, raffinose, and
stachyose).

Treatment PG
Sucrose Raffinose Stachyose

2018 2019 2018 2019 2018 2019

FI SR 3.9c 4.6b 0.78 0.76 3.6 3.7
TR 4.4b 4.8b 0.74 0.77 3.9 3.6

HI SR 3.9c 4.4c 0.72 0.77 3.9 3.2
TR 4.5a 4.5a 0.75 0.80 3.9 3.5

RF SR 4.4b 4.8b 0.73 0.76 3.7 3.5
TR 4.5a 4.9a 0.75 0.74 3.9 3.6

PG: planting geometry, FI: full irrigation, HI: half irrigation, and RF:
rainfed. Means in each column followed by the same letter or letters are not
statistically different by LSD means (P≤ 0.05).
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May, 27.2°C in June, 26°C in July, 23.2°C in August, and 26°C
in September) were significantly different from those in 2019
(24°C in May, 25.7°C in June, 27.3°C in July, 28.2°C in
August, and 28.3°C in September). 'e temperatures were
higher in 2018, coinciding with vegetative and early flow-
ering stages, while 2019 had higher temperatures coinciding
with the pod fill (R3–R7) stage. 'is could be one of the
reasons for higher levels of protein and oil content in 2019.

Further, the pod fill period has overlapped with well-
distributed rainfall (Figure 1) in August and September.
Further, the yearly differences in seed constituents are at-
tributable to the huge variation in GDD and solar radiation
during the pod fill (R3–R7). 'e 2019 crop season received
58% higher solar radiation and 3% higher GDD over that of
the 2018 season during the same period. 'ese results
conform to the earlier detailed reports on the effect of
temperature and soil moisture [11–13, 22]. An inverse
curvilinear relationship between protein, oil, and air tem-
perature during seed fill was reported earlier. Protein
content increases when the air temperature is above 28°C,
and oil content increases up to 28°C and declines thereafter
[13]. In this study, the oil content in the 2018 season was
higher than in the 2019 season as the mean temperatures
during seed fill (July-August) were below 28°C, while 2019
had 3.2°C higher mean temperature than that of 2018.

'e enhanced protein content in irrigated treatment for
both seasons could be due to higher leaf area index and
canopy closure. Earlier publication from the same study [7]
reported an 8–17% higher leaf area index (LAI) in irrigated

treatments during flowering and seed development stages.
'e higher LAI contributing to the better interception of
photosynthetically active radiation and early canopy closure
could have led to increased N metabolism, resulting in a
higher concentration of seed protein in irrigated treatments
irrespective of PG. Furthermore, the increased protein ac-
cumulation is attributed to higher assimilates availability per
developing seed and total assimilate supply per plant [23].
'e other benefit of canopy closure is less plant-weed
competition as canopy development suppresses weeds es-
tablishment near plant vicinity, thereby probably aiding the
soybean plant to utilize the available moisture in the root
zone efficiently. 'ese results are similar to the findings of
previous studies [10, 11, 22]. In the case of oil, RF soybean
seed accumulated more oil than the irrigated treatments
consistently in both years and conforms to the earlier
published findings [11, 23]. Among the sugars, only sucrose
accumulation was significantly higher in RF soybean than
irrigated, and sucrose is the major photosynthesis assimi-
lation of plants and the fundamental carbon skeleton
monomer and energy supplier for seed maturation. 'e
sucrose allocation, metabolism, and transport during dif-
ferent seed formation, development, and maturation stages
are implicated as one of the physiological mechanisms for
soybean plants to overcome moisture stress, and higher
sucrose accumulation was reported in soybean plants sub-
jected to moisture stress [24]. 'e differential response of
amino acids, that is, overaccumulation of ASP, GLU, GLY,
CYS, and TYR in 2018 and 2019 seasons, can be not only due

Table 6: Effect of irrigation treatments (FI, HI, and RF) and PG (SR and TR planting) on soybean seed amino acids: aspartic acid (ASP),
threonine (THR), serine (SER), and glutamic (GLU), proline (PRO), glycine (GLY), alanine (ALA), cystine (CYS), valine (VAL), methionine
(MET), isoleucine (ISO), leucine (LEU), tyrosine (TYR), phenylalanine (PHE), and lysine (LYC).

Treatment PG
ASP THR SER GLU PRO GLY ALA CYS VAL

2018 2019 2018 2019 2018 2019 2018 2019 2018 2019 2018 2019 2018 2019 2018 2019 2018 2019

FI SR 4.1a 4.3a 1.9b 1.7b 2.3 2.1 4a 5.0a 2.3 2.2 2.8d 2.3c 2.1 1.9 0.32a 0.35a 2.5 2.2
TR 4.1a 4.1c 2a 1.8ab 2.4 2.2 3.9a 4.4d 2.3 2.3 3.0b 2.4b 2.1 1.9 0.26b 0.29c 2.5 2.3

HI SR 4ab 4.4a 2a 1.7b 2.4 2.1 3.8b 5.1a 2.3 2.3 3.0b 2.3c 2.1 1.9 0.24c 0.35a 2.5 2.3
TR 3.9b 4.2b 2.1a 1.8ab 2.4 2.2 3.5d 4.4d 2.3 2.3 3.1a 2.5a 2.0 1.9 0.25b 0.31b 2.5 2.3

RF SR 3.9b 4.2b 1.9b 1.7b 2.3 2.1 3.6c 4.7b 2.2 2.3 2.8d 2.3c 2.0 1.8 0.24c 0.31b 2.4 2.2
TR 3.9b 4.1c 2a 1.9a 2.3 2.1 3.6c 4.6c 2.2 2.2 2.9c 2.3c 2.0 1.8 0.26b 0.30c 2.5 2.2

PG: planting geometry, FI: full irrigation, HI: half irrigation, and RF: rainfed. Means followed by the same letter or letters are not statistically different by LSD
means (P≤ 0.05).

Table 7: Effect of irrigation treatments (FI, HI, and RF) and PG (SR and TR planting) on soybean seed amino acids: methionine (MET),
isoleucine (ISO), leucine (LEU), tyrosine (TYR), phenylalanine (PHE), lysine (LYS), histidine (HIS), arginine (ARG), and tryptophan (TRY)
(%).

Treatment PG
MET ISO LEU TYR PHE LYS HIS ARG TRY

2018 2019 2018 2019 2018 2019 2018 2019 2018 2019 2018 2019 2018 2019 2018 2019 2018 2019

FI SR 0.69 0.62 2.0a 1.8a 2.5a 2.5a 1.8a 1.6a 1.8 2.0 2.4 2.6 1.1 1.4 2.8a 2.8a 0.43a 0.44b
TR 0.7 0.62 1.8c 1.7b 2.4b 2.3c 1.7b 1.5b 1.8 1.9 2.3 2.4 1.1 1.4 2.7b 2.7b 0.42b 0.43c

HI SR 0.7 0.63 1.9b 1.8a 2.4b 2.5a 1.8a 1.5b 1.7 2.0 2.2 2.6 1.0 1.4 2.8a 2.8a 0.42b 0.45a
TR 0.7 0.62 1.7d 1.7b 2.3c 2.4b 1.7b 1.4c 1.7 1.9 2.2 2.5 0.9 1.4 2.7b 2.7b 0.41c 0.43c

RF SR 0.7 0.60 1.9b 1.8a 2.4b 2.4b 1.6c 1.4c 1.7 1.9 2.2 2.5 0.9 1.4 2.6b 2.8a 0.41c 0.45a
TR 0.7 0.61 1.7d 1.7b 2.3c 2.4b 1.5d 1.3d 1.7 1.9 2.2 2.5 1.0 1.3 2.5c 2.7b 0.40d 0.43c

PG: planting geometry, FI: full irrigation, HI: half irrigation, and RF: rainfed. Means in each column followed by the same letter or letters are not statistically
different by LSD means (P≤ 0.05).

International Journal of Agronomy 7



to irrigation but also due to temperature solar radiation and
GDD resulting in higher LAI contributing to the better
interception of photosynthetically active radiation and early
canopy closure, which is in accordance with earlier reports
[6, 10, 22].

Unlike irrigation, PG has limited influence on seed
constituents like stearic acid, sucrose, and amino acids, THR,
GLU, GLY, CYS, ISO, LEU, ARG, and TRY. TR leads to
higher LAI and thereby more photosynthates assimilation
leading to higher accumulation of stearic acid, sucrose, and
THR. As discussed earlier, higher nitrogen metabolism has
probably contributed to high sucrose accumulation. How-
ever, the reasons for the decline of GLU, GLY, CYS, ISO,
LEU, ARG, and TRY are not known. Similar findings were
earlier reported by [22, 25].

5. Conclusions

Information on the effect of varying irrigation levels and PG
on the pattern of accumulation of fatty acids, amino acids,
and sugars in soybean grown in the Mississippi Delta is
limited. 'is research demonstrated that both irrigation and
PG can play a pivotal role in altering seed nutritional quality,
which will impact farm profitability on a large scale by al-
tering seed constituents: protein, oil, fatty acids, sugars, and
few amino acids. 'e study also highlights the profound
impact of environmental conditions like air temperature,
solar radiation, and rainfall. Future research involving
drought-tolerant varieties under varying levels of irrigation
in multiyear and multilocation on large-scale field experi-
ments could further advance our understanding of differ-
ential responses of seed composition constituents to crop
management practices.
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