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The objective of this research was to evaluate the effect of drought
and Phomopsis on seed composition constituents in Phomopsis sus-
ceptible (S), moderately resistant (MR), and resistant (R) soybean
genotypes grown under irrigated and non-irrigated environments.
Genotypes of maturity group (MG) III and V were grown under
field conditions in 2003 and 2005. Seed protein, oil, fatty acids,
sugars, and minerals were evaluated in seeds harvested at harvest
maturity (R8) and 15 days after harvest maturity (delayed har-
vesting). The results showed that seed protein and oleic acid were
higher in S than in MR or R genotypes at 15 days after harvest
maturity in MG III in non-irrigated soybean. For MG V genotypes,
seed protein, oil, and oleic acid were higher and linoleic and
linolenic acids were lower in MR and R than in S in irrigated
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and non-irrigated soybean at harvest maturity and 15 days after
harvest maturity. In MG III genotypes, seed sucrose, raffinose, and
stachyose were higher in MR and R than in S genotypes in irrigated
soybean at maturity only. In irrigated or non-irrigated soybean,
seed sucrose, raffinose, and stachyose were higher in R than in MR
or in S in MG V in 2003 and 2005 at harvest maturity or 15 days
after harvest maturity. Seed minerals were also altered in MG III
and V. This research demonstrated that seed composition com-
ponents were altered by drought and Phomopsis and the degree
of alteration depended on the level of resistance of the genotype
and MG.

KEYWORDS Carbon isotope, nitrogen isotope, seed composition,
seed oil, seed protein, seed sugars

INTRODUCTION

Soybean is a major crop in the world, and soybean seed is an important
source for protein and oil (Belewu & Belewu 2007) and other nutrients
including sugars and mineral nutrients (Hou et al. 2009; Zobiole et al. 2010;
Bellaloui et al. 2010, 2011). Soybean protein ranges from 341 to 568 g kg−1

of total seed weight, with a mean of 421 g kg−1. Oil ranges from 83 to
279 g kg−1, with a mean of 195 g kg−1 (Wilson 2004). Major saturated
fatty acids include palmitic (10%–12%) and stearic (2.2%–7.2%; Cherry et al.
1985); major unsaturated fatty acids include oleic (24%), linoleic (54%), and
linolenic (8%; Schnebly & Fehr 1993). Seed sugars include sucrose (4%–5%),
raffinose (2%), and stachyose (3.5%–4.5%; Wilson, Novitzky, & Fenner 1995).
Seed macro- and micro-nutrients concentrations for soybean were previously
reported (Zobiole et al. 2010; Bellaloui et al. 2010, 2011).

The early soybean production system showed yield benefit in Arkansas
(Taylor 1999), Mississippi (Heatherly 1999), Texas (Savoy, Cothran, &
Shumway 1992), and Missouri (Wrather et al. 1996). However, declines in
seed quality under the early soybean production system conditions due to
phomopsis seed decay, which is primarily caused by Phomopsis longicolla
Hobbs (Mengistu et al. 2010; Wrather et al. 1996) and heat (Smith et al.
2008), have been a major concern. Smith et al. (2008) reported that early
maturing soybean cultivars mature in the early soybean production system
between mid-August and mid-September under high temperatures and high
relative humidity. These conditions are favorable for the development of P.
longicolla, leading to poor seed germination and poor vigor (TeKrony et al.
1996; Mengistu & Heatherly 2006; Smith et al. 2008) and a decrease in oil
quality (Hepperly & Sinclair 1978).
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Currently, there are no known phomopsis seed decay resistant soy-
bean cultivars available in the market, but phomopsis seed decay resistant
germplasm has been developed. For example, germplasm genotypes
MO/PSD- 0259 (Minor et al. 1993), SS 93-6012, and SS 93-6181 (Pathan
et al. 2009) were shown to be resistant to Phomposis sp. in Missouri. Seed
composition has been shown to be affected by phomopsis seed decay. For
example, for soybean genotypes SS 93-6012, SS 93-6181, and Asgrow 3834,
grown across a range of planting dates (mid-April, mid-May, and mid-June),
a significant negative correlation between the percentage of seed infection
and palmitic and oleic acids, and significant positive correlation between
seed infection and linoleic acid and linolenic acids were found (Wrather
et al. 2003). However, no significant correlations between the percentage
of seed infection and the percentage of oil, protein, or stearic acid in seed
were found (Wrather et al. 2003). Other researchers observed significantly
higher oil and protein percentages in seed with symptoms of Phomopsis
sojae infection (Hepperly & Sinclair 1978). Bradley et al. (2002) reported a
low but significant positive correlation between incidence of seed infected
with Phomopsis spp. and concentration of seed protein or oil at Champaign,
IL, in 1999, but not at Urbana, IL, in 1998 or 1999. This inconsistency reflects
the fact that the Phomopsis spp. infection level was higher in Champaign
in 1999 than in Urbana in 1998 and 1999. The severity of Phomopsis spp.
infection on seed quality is highly dependent on the environment, espe-
cially moisture (Mengistu et al. 2007; Smith et al. 2008). It was also reported
that linolenic acid concentration increased as percentage of infested seed
increased (Bradley et al. 2002), which is undesirable for oil quality because
this fatty acid when degraded (oxidized) is responsible for poor flavor and
undesirable odors in soybean oil (Beare-Rogers 1995). The possible expla-
nation of the negative effect of Phomopsis on oil as suggested by Hepperly
& Sinclair (1978) was that the darker and rancid odor oil from seed with
symptoms of Phomopsis sojae infection compared with oil from seed with-
out symptoms could be due to the damage to seed coat tissue and the
exposure of the underlying tissue to air and consequent oxidation of lipids.

It was found that oil, meal, and flour derived from infected seeds had
lower quality than those from non-infected seeds (Roy 1976), and this could
be due to the degradation of seed coat proteins by fungal released enzymes
(Ryley 2004). Fungus infected soybean seed showed higher protein concen-
trations, lower carbohydrates, and no change or increased oil concentrations
(Pathan, Sinclair, & McClary 1989). Wilson, Novitzky, and Fenner (1995)
found a positive correlation between fungal damage and both protein and
oil concentrations (increase in oil from 19.5% to 22.8%, and protein from
43.7% to 50.8%). The positive correlation was explained as a consequence
of residual seed mass loss.

Since the early soybean production system conditions are favorable
for the development of P. longicolla and since very limited information
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is available on the effect of drought and Phomopsis on seed composition
in soybean genotype differing in susceptibility to Phomopsis, the current
research was conducted. Therefore, the objective of this research was to
investigate the effect of drought and Phomopsis on seed protein, oil, fatty
acids, sugars, and mineral levels in genotypes differing in their susceptibil-
ity to P. longicolla. Since mineral nutrition is essential for protein and oil
metabolism and can be affected by biotic and abiotic stress environments,
macro- and micro-nutrients were also investigated.

MATERIALS AND METHODS

Two field experiments were conducted in 2003 and 2005 at the Delta
Research and Extension Center, Stoneville, MS (33◦ 26′ N, 90◦ 91′W). The soil
was a Sharkey clay soil (very-fine, smectitic, thermic, Chromic Epiaquert).
One experiment was overhead irrigated and the other experiment was not
irrigated. The irrigated and non-irrigated plots were separated by a buffer
of 15 rows (9.9 m) to prevent irrigation drift. The detailed description of
the irrigation, design, and equipment used in this experiment were pre-
viously reported elsewhere (Mengistu et al. 2010). Within each irrigation
environment, genotypes were grouped by MG. Harvest times (maturity har-
vest at R8 and 15 days after maturity harvest) were treatments nested within
genotypes and MG. Genotypes were planted in a randomized complete
block design with three replications. Irrigation and MG were not replicated.
The same genotypes and experimental location were used each year.

Planting dates were 12 May 2003 and 10 May 2005. Soybean genotypes
of MG III and MG V were planted in single-row plots 2.7 m long, 0.66 m
wide, and at a seeding rate of 75 seed per row. Susceptible (S), moderately
resistant (MR), and resistant (R) genotypes were used and classified as indi-
cated by Mengistu et al. (2010). The MG III genotypes were Cumberland and
Fremont (susceptible), PI 594401A and Williams 82 (moderately resistant),
and PI 594618B and PI 594778 (resistant). For MG V, the genotypes were 95-
231-3BF and Freedom (susceptible), D86-4565 and PI 200510 (moderately
resistant), and Forrest and NCPR83-45 (resistant). Seeds were harvested at
harvest maturity (R8) (Fehr & Caviness 1977) and 15 days after harvest matu-
rity (delayed harvesting). Harvesting dates for MG III genotypes under the
non-irrigated conditions were 30 July in 2003 and 5 August in 2005. For irri-
gated conditions, harvesting dates were 10 August in 2003 and 15 August in
2005. Harvesting dates for MG V genotypes under the non-irrigated condi-
tions were 1 October in 2003 and 3 October in 2005. For irrigated conditions
harvesting dates were 5 October in 2003 and 30 September in 2005. For the
irrigated treatment, soil water potential was kept between 0 and −17 kPa
until harvest. For non-irrigated treatment, the range of soil water potentials
ranged from −76 to −184 kPa.
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Inoculation and Disease Rating

Innoculation and disease ratings were described in Mengistu et al. (2010).
A conidial suspension (106 conidia mL-1) was sprayed onto the plants. Plants
were sprayed at dusk. Since the R3 growth stage was different in each
MG category, plastic shields were placed between plots to prevent spore
drift.

Disease ratings were made according to Mengistu et al. (2010), and per-
cent seed infection index (PSII) was used for each genotype for measuring
resistance. The PSII was calculated by dividing the percent seed infection
for each genotype averaged across replicates by the percent seed infection
of the most susceptible accession (standard) selected within early and late
MG multiplied by 100. The PSII was proved to be more consistent than
percent infection seed (Mengistu et al. 2007; Mengistu al. 2010). Genotypes
were classified as resistant = 1% to 10%; moderately resistant = 11% to
20%; moderately susceptible = 21% to 30%; and susceptible >30% (Mengistu
et al. 2010).

Sample Selection

Phomopsis evaluation and data analysis from this experiment were pre-
sented in Mengistu et al. (2010). Here we selected a subset of MG III (6 out
of 14 genotypes) and MG V (6 out of 9 genotypes) from those trials and ana-
lyzed the seed composition. The selection of the subset was based on the
consistency of these genotypes to fit the three selected levels of Phomopsis
resistance (susceptible [S], moderately resistant [MR], and resistant [R]). The
MG III genotypes were Cumberland and Fremont (susceptible), PI 594401A
and Williams 82 (moderately resistant), and PI 594618B and PI 594778 (resis-
tant). For MG V, the genotypes were 95-231-3BF and Freedom (susceptible),
D86-4565 and PI 200510 (moderately resistant), and Forrest and NCPR83-45
(resistant).

Seed Analysis for Protein, Oil, and Fatty Acids

Mature seed at harvest maturity and after 15 days after harvest maturity were
analyzed for protein, oil, and fatty acids. About 25 g of seed from each plot
was ground using a Laboratory Mill 3600 (Perten, Springfield, IL). Analyses
were conducted by near infrared reflectance (Wilcox & Shibles 2001) using a
diode array feed analyzer AD 7200 (Perten, Springfield, IL). Calibrations were
developed by the University of Minnesota, using Perten’s Thermo Galactic
Grams PLS IQ software. The calibration curve was established according to
AOAC methods (1990a, 1990b). Analyses of protein and oil were performed
based on a seed dry matter basis (Wilcox & Shibles 2001; Boydak et al.
2002). Fatty acids were analyzed on an oil basis.
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Seed Analysis for Sucrose, Raffinose, and Stachyose

Mature seed at R8 and 15 days after R8 were analyzed for sucrose, raffinose,
and stachyose concentrations. About 25 g of seed from each plot were
ground using a Laboratory Mill 3600 (Perten, Springfield, IL). Analyses
were conducted by near infrared reflectance (NIR) (Wilcox & Shibles
2001; Bellaloui et al. 2009) using an AD 7200 array feed analyzer (Perten,
Springfield, IL). Analyses of sugars were performed based on a seed dry
matter basis (Wilcox & Shibles 2001; Boydak et al. 2002).

Seed N, S, and Mineral Composition

Mature seed at harvest maturity and 15 days after harvest maturity were col-
lected and ground to pass through a 1-mm sieve using a Laboratory Mill
3600 (Perten, Springfield, IL). Seed N, S, and mineral concentrations were
analyzed at the University of Georgia’s Soil, Plant, and Water Laboratory
in Athens, GA. Seed K, Ca, Zn, Mn, and Cu concentrations were analyzed
by digesting 0.5 g of dried ground seed in HNO3 in a microwave diges-
tion system. Values were then determined using inductively coupled plasma
spectrometry. Nitrogen and S were measured in a 0.25-g sample using an
elemental analyzer (LECO CNS-2000, LECO Corporation, MI). Seed P, B, and
Fe concentrations were determined as indicated in the following sections.

Boron Measurement

Boron concentration was measured in mature seed at harvest maturity and
15 days after harvest maturity from each replicate and each treatment with
the Azomethine-H method (Lohse 1982). Detailed description of the method
was previously reported elsewhere (Dordas 2006; Bellaloui et al. 2010).
Briefly, a 1.0-g seed sample was ashed at 500 ◦C, and then extracted with
20 ml of 2 M HCl at 90◦C for 10 min and filtered. The filtered mixture
was transferred to plastic vials. A 2-ml sample of the solution was added
to 4 ml of buffer solution (containing 25% ammonium acetate, 1.5% EDTA,
and 12.5% acetic acid) and 4 ml of freshly prepared azomethine-H solution
(0.45% azomethine-H and 1% of ascorbic acid) (John, Chuah, & Neufeld
1975). Boron concentration was measured in samples at room temperature
after at least 45 min for color development. Boron concentration was deter-
mined using a Beckman Coulter DU 800 spectrophotometer (Fullerton, CA)
at 420 nm.

Iron Measurement

Iron concentration was measured in mature seed at harvest matu-
rity and 15 days after harvest maturity. Seed Fe was measured after
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acid-wet digestion, extraction, and reaction of reduced ferrous Fe with 1,
10-phenanthroline (Bandemer & Schaible, 1994; Loeppert & Inskeep, 1996;
Bellaloui et al. 2010). Briefly, a 2-g ground seed sample was digested in
nitric acid (70% m/m HNO3). After the acids were removed by volatiliza-
tion, the soluble constituents were dissolved in 2 M HCl. Standard solutions
of iron were prepared in 0.4 M HCl and ranged from 0.0 to 4 µg ml−1 Fe.
Phenanthroline solution of 0.25% m/v was prepared in 25% v/v ethanol.
A fresh quinol solution (1% m/v) reagent was prepared on the day of use.
A 4-ml aliquot was pipetted into 25-ml volumetric flask. A concentration of
0.4 M HCl solution was used to dilute the aliquot to 5 ml. A volume of quinol
solution was added and mixed. Then, 3 ml of phenanthroline solution and
5 ml of tri-sodium citrate solution (8% m/v) were added. The mixture con-
taining the aliquot, HCl, phenanthroline, and tri-sodium citrate was diluted
to 25 ml. The mixture stood for 4 h, and the absorbance of the samples
was read at 510 nm using a Beckman Coulter DU 800 spectrophotometer
(Fullerton, CA).

Phosphorus Measurement

Phosphorus concentration was measured in seed at harvest maturity
(R8) and 15 days after harvest maturity. Phosphorus concentration was
measured spectrophotometrically as the yellow phospho-vanado-molybdate
complex (Analytical Methods Committee 1959; Bellaloui et al. 2010). Briefly,
2 g of dry, ground seed were ashed and then 10 ml of 6 M HCl was added.
The samples were placed in a water bath at 70◦C to evaporate and dry.
After drying, the samples were kept under heat, and 2 ml of 36% m/m HCl
was added and gently boiled. Then, 10 ml of water was added and the
solution was carefully boiled for about 1 min. The samples were transferred
and diluted to 50 ml in a volumetric flask. After the first 2 ml were
discarded, the sample solution was then filtered and kept for P analysis.
A 5-ml sample was taken, and 5 ml of 5 M HCl and 5 ml of ammonium
molybdate-ammonium metavanadate (a solution of ammonium molybdate,
(NH4)2MoO4 (25 g/500 ml water), and ammonium metavanadate, NH4VO3)
(1.25 g/500 ml water) reagent were added, diluted to 50 ml. A concentration
ranging from 0–50 µg/ml phosphorus was prepared for standard solution
using dihydrogen orthophosphate dissolved in both water and 36% m/m
HCl. To measure P concentrations, samples were allowed to stand for 30 min
at ambient temperature before the samples were read at 400 nm using a
Beckman Coulter DU 800 spectrophotometer at 400 nm (Fullerton, CA).

Data Analysis

Analysis of variance was performed as previously described by Mengistu
et al. (2010) using Proc Mixed Model procedure in SAS (SAS Institute 2001),
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TABLE 1 Analysis of variance (F value and level of significance) of seed composition com-
ponents as affected by harvesting time (at harvest maturity or 15 days after harvest maturity),
genotype, year, and their interactions in maturity group III soybean genotypes that dif-
fer in their susceptibility to Phomopsis (Phomopsis longicolla). The experiment was grown
under irrigated environment in 2003 and 2005 at Jamie Whitten Delta States Research Center,
Stoneville, MS

Organic compounds
Source of
variability Protein Oil Oleic Linoleic Linolenic Sucrose Raffinose Stachyose

Harvesting NS NS 6.48∗∗ 7.75∗∗ 7.75∗∗ NS 21∗∗∗ 12∗∗∗

Year 46∗∗∗ NS NS NS NS NS 214∗∗∗ 228∗∗∗

Genotype 2.91∗ 20∗∗∗ NS 27∗∗∗ 6.38∗∗∗ 34∗∗∗ 34∗∗∗ 19∗∗∗

Harvesting
× Year

58∗∗∗ NS 5.23∗ 43∗∗∗ NS NS 21∗∗∗ 12∗∗∗

Harvesting
× Genotype

7.21∗∗∗ 2.6∗ NS NS 3.78∗∗ 3.69∗∗∗ 5.26∗∗∗ 2.45∗

Year
× Genotype

4.45∗∗ 5.64∗∗∗ 44∗∗∗ 15∗∗∗ 3.15∗ 15.11∗∗∗ 2.97∗ NS

Harvesting
× Year
× Genotype

29∗∗∗ 5.09∗∗∗ 3.69∗∗ 16∗∗∗ 21∗∗∗ 3.69∗∗ 5.26∗∗∗ 2.45∗

Non-organic compounds

Source of variability N Ca K B Mn Cu Zn

Harvesting NS 6.64∗∗ NS 26∗∗∗ 38∗∗∗ NS 38∗∗∗

Year NS 16∗∗∗ 192∗∗∗ 48∗∗ 178∗∗∗ 230∗∗∗ 76∗∗∗

Genotype 21∗∗∗ 13∗∗∗ 18∗∗∗ 17∗∗∗ 41∗∗∗ 16∗∗∗ 53∗∗∗

Harvesting × Year 33∗∗∗ NS 5.92∗ 81∗∗∗ 20∗∗∗ 5.74∗ 453∗∗∗

Harvesting × Genotype NS NS NS NS NS 3.05∗ NS
Year × Genotype NS NS 4.46∗∗ NS NS NS NS
Harvesting × Year × Genotype NS NS NS NS NS 3.91∗∗ NS

∗, ∗∗, and ∗∗∗ significance at P ≤ 0.05, P ≤ 0.01, and P ≤ 0.001, respectively.

and means were separated using Fisher’s least significant difference test
at P ≤ 0.05. Since irrigation and maturity treatments were not replicated
(Mengistu et al. 2010) and since year and genotype interacted for some seed
composition components (Tables 1 through 4), we presented the results by
each irrigation × MG × year treatment combination.

RESULTS

Analysis of Variance

For MG III under the irrigated environment, analysis of variance showed
that the main effect of harvesting time, year, and genotype were significant
for some seed composition component variables (Table 1). The interaction
effects between harvesting time, year, and genotype for seed composition
constituents were different (Table 1) depending on the sensitivity of each
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TABLE 2 Analysis of variance (F value and level of significance) of seed composition com-
ponents as affected by harvesting time (at harvest maturity or 15 days after harvest maturity),
genotype, year, and their interactions in maturity group V soybean genotypes that differ in
their susceptibility to Phomopsis (Phomopsis longicolla). The experiment was grown under
irrigated environment in 2003 and 2005 at Jamie Whitten Delta States Research Center,
Stoneville, MS

Organic compounds
Source of
variability Protein Oil Oleic Linoleic Linolenic Sucrose Raffinose Stachyose

Harvesting NS NS 6.64∗∗ 11∗∗∗ 10∗∗ NS NS NS
Year 59∗∗ NS 8.54∗ 6.46∗∗ NS 10∗ 270∗∗∗ 124∗∗∗

Genotype 92∗∗∗ 46∗∗∗ 37∗∗∗ 20∗∗∗ NS 154∗∗∗ 49∗∗∗ 37∗∗∗

Harvesting
× Year

NS NS 15∗∗∗ NS NS NS NS NS

Harvesting
× Genotype

NS NS 2.84∗ NS NS NS NS NS

Year
× Genotype

4.03∗∗ NS 2.52∗ NS NS 14∗∗∗ 6.98∗∗∗ 2.64∗

Harvesting
× Year
× Genotype

2.61∗ NS NS NS NS NS NS NS

Non-organic compounds

Source of variability N Ca K B Mn Cu Zn

Harvesting 24∗∗∗ 9.25∗∗∗ 0.8 45∗∗∗ NS NS 192∗∗∗

Year NS 18∗ 121∗∗∗ 161∗∗∗ 155∗∗∗ 121∗∗∗ 226∗∗∗

Genotype 19∗∗∗ 23∗∗∗ 32∗∗∗ 36∗∗∗ 69∗∗∗ 18∗∗∗ 49∗∗∗

Harvesting × Year NS NS NS NS 14∗∗∗ NS NS
Harvesting × Genotype NS NS NS NS NS NS NS
Year × Genotype NS NS 2.6∗ NS NS 3.55∗∗ NS
Harvesting × Year × Genotype NS NS NS NS NS NS NS

∗, ∗∗, and ∗∗∗ significance at P ≤ 0.05, P ≤ 0.01, and P ≤ 0.001, respectively.

genotype to the growing conditions in each year and harvesting time. A sim-
ilar observation was noticed on the effect of the main factors and their
interactions on seed composition components in MG V, although the type
of the affected component was not always the same (Table 2). For exam-
ple, in some cases the effect of the main factors and their interactions was
similar between MG III and MG V such as in case of the effect of har-
vesting time on protein, oil, oleic and linolenic acids, Ca, B, Cu, and Zn
( Table 1 and Table 2). In other cases, the effect of the factors and their
interactions on seed composition components was different between MG III
and MG V such as in case of the effect of year on oleic and linoleic acids
and sucrose, or the effect of year × genotype on protein, oil, and oleic
acid (Table 1 and Table 2). A similar observation was noticed for MG III
and V under the non-irrigated environment (Table 3 and Table 4), although
the pattern was different between MG III and MG V. The different effects
of these factors on seed composition component indicate the significant
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TABLE 3 Analysis of variance (F value and level of significance) of seed composition com-
ponents as affected by harvesting time (at harvest maturity or 15 days after harvest maturity),
genotype, year, and their interactions in maturity group III soybean genotypes that differ in
their susceptibility to Phomopsis (Phomopsis longicolla). The experiment was grown under
non-irrigated environment in 2003 and 2005 at Jamie Whitten Delta States Research Center,
Stoneville, MS

Organic compounds
Source of
variability Protein Oil Oleic Linoleic Linolenic Sucrose Raffinose Stachyose

Harvesting NS NS NS 27∗∗∗ 8.57∗∗ 9.98∗∗ 51∗∗∗ 21∗∗∗

Year 21∗∗∗ 34∗∗∗ NS NS NS 27∗∗ 44∗∗∗ 22∗∗∗

Genotype 24∗∗∗ 35∗∗∗ 53∗∗∗ NS NS 78∗∗∗ 92∗∗∗ 45∗∗∗

Harvesting
× Year

5.91∗ 12∗∗∗ 23∗∗∗ 9.72∗∗ 3.88∗ 9.98∗∗ 59∗∗∗ 21∗∗∗

Harvesting
× Genotype

NS NS 6∗∗∗ NS NS NS NS NS

Year
× Genotype

NS NS NS 3.52∗∗ NS 16∗∗∗ 2.36∗ 4.81∗∗∗

Harvesting
× Year
× Genotype

NS NS NS 16∗∗∗ 17∗∗∗ NS NS NS

Non-organic compounds

Source of variability N Ca K B Mn Cu Zn

Harvesting 66∗∗∗ NS NS 107∗∗∗ 9.5∗∗ 9∗∗ 483∗∗∗

Year NS 22∗∗ 62∗∗∗ 435∗∗∗ 508∗∗∗ 222∗∗∗ 686∗∗∗

Genotype 29∗∗∗ 18∗∗∗ 11∗∗∗ 21∗∗∗ 44∗∗∗ 11∗∗∗ 51∗∗∗

Harvesting × Year NS NS NS 12∗∗∗ 17∗∗∗ 4.91∗ 43∗∗∗

Harvesting × Genotype NS NS NS NS NS 3∗ NS
Year × Genotype NS 3.2∗ 4.37∗∗ NS NS NS NS
Harvesting × Year × Genotype NS NS NS NS NS 2.49∗ NS

∗, ∗∗, and ∗∗∗ significance at P ≤ 0.05, P ≤ 0.01, and P ≤ 0.001, respectively.

effect of growing conditions in each year on the genotype and harvesting
time, and suggest that different responses of seed composition components
exist between genotypes depending on harvesting time and growing season
(Tables 1–4).

Concentrations of Seed Protein, Oil, Fatty Acids,
Sugars, and Minerals

For GM III under the irrigated environment, oleic acid concentration was
consistently higher in MR and R genotype in 2003 and 2005 at both harvest
maturity and 15 days after harvest maturity (Table 5 and Table 6). No consis-
tency in protein, oil, linoleic, and linolenic acid concentrations was observed
(Table 5 and Table 6). Sucrose concentration was higher in R genotypes;
raffinose concentration was higher in MR and R lines; and stachyose con-
centration was higher in MR and R genotypes at harvest maturity only, in
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TABLE 4 Analysis of variance (F value and level of significance) of seed composition com-
ponents as affected by harvesting time (at harvest maturity or 15 days after harvest maturity),
genotype, year, and their interactions in maturity group V soybean genotypes that differ in
their susceptibility to Phomopsis (Phomopsis longicolla). The experiment was grown under
non-irrigated environment in 2003 and 2005 at Jamie Whitten Delta States Research Center,
Stoneville, MS

Organic compounds
Source of
variability Protein Oil Oleic Linoleic Linolenic Sucrose Raffinose Stachyose

Harvesting NS NS NS 28∗∗∗ 16∗∗∗ 7.06∗ 11∗∗ NS
Year NS 4.65∗ 13∗∗∗ NS NS 52∗∗∗ NS NS
Genotype 78∗∗∗ 33∗∗∗ 71∗∗∗ 32∗∗∗ 16∗∗∗ 123∗∗∗ 62∗∗∗ 26∗∗∗

Harvesting
× Year

6.61∗∗ 9.91∗∗ 23∗∗∗ NS NS 8.64∗∗ 233∗∗∗ 80∗∗∗

Harvesting
× Genotype

NS 2.55∗ 4.76∗∗∗ 2.51∗ 5.42∗∗∗ 11 NS NS

Year
× Genotype

5.68∗∗∗ NS NS NS NS 3.71∗∗ NS 3.26∗∗

Harvesting
× Year
× Genotype

NS 5.22∗∗∗ NS NS NS 7.34∗∗∗ NS NS

Non-organic compounds

Source of variability N Ca K B Mn Cu Zn

Harvesting 20∗∗∗ NS 31∗∗∗ 274∗∗∗ 326∗∗∗ 99∗∗∗ 713∗∗∗

Year NS 21∗∗ 50∗∗∗ 74∗∗∗ 80∗∗∗ 60∗∗∗ 150∗∗∗

Genotype 19∗∗∗ 14∗∗∗ 25∗∗∗ 19∗∗∗ 90∗∗∗ 16∗∗∗ 44∗∗∗

Harvesting × Year NS NS 17∗∗∗ NS 7.97∗∗ 29∗∗∗ 6.02∗

Harvesting × Genotype NS NS NS NS 3.72∗∗ NS NS
Year × Genotype NS NS NS NS NS NS NS
Harvesting × Year × Genotype NS NS NS NS NS NS NS

∗, ∗∗, and ∗∗∗ significance at P ≤ 0.05, P ≤ 0.01, and P ≤ 0.001, respectively.

addition to the higher stachyose in R genotypes at 15 days after harvest
maturity as well (Table 5 and Table 6). Mineral nutrition concentration was
also affected by the level of susceptibility of genotypes. For example, K, Mn,
and Zn were higher in MR and R genotypes than in S genotypes at harvest
maturity and 15 days after harvest maturity, and at 15 days after harvest
maturity only for Cu concentration (Table 5 and Table 6)

Under the non-irrigated environment in MG III, protein and oleic acid
were higher at harvest maturity and 15 days after harvest maturity in S
genotypes than in MR or R genotypes. Oil was higher in MR or R genotypes
than in S genotypes. This pattern was shown in 2003 and 2005 (Table 7 and
Table 8). No consistency was shown in linoleic or linolenic acids. Sucrose
concentration was higher in R genotypes than in S or MR genotypes at har-
vest maturity and 15 days after harvest maturity. Raffinose and stachyose
concentrations were higher in MR and R genotypes than in S genotypes at
harvest maturity and 15 days after harvest maturity (Table 7 and Table 8).
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TABLE 5 Effect of harvest maturity (HM) or 15 days after harvest maturity (delayed harvesting
[DH]) on seed protein, oil, fatty acids, sugars, and mineral nutrition concentrations in maturity
group III soybean genotypes that differ in their susceptibility to Phomopsis (Phomopsis longi-
colla) under irrigated environment at Jamie Whitten Delta States Research Center, Stoneville,
MS, in 2003.1

Protein
(g/kg) Oil (g/kg) Oleic (g/kg)

Linoleic
(g/kg)

Genotype HM DH HM DH HM DH HM DH

Cumberland (S) 390 410 183 173 293 284 527 563
Fremont (S) 403 410 192 193 285 291 513 563
PI 594401A (MR) 436 350 213 210 223 233 567 467
Williams 82 (MR) 387 373 220 213 237 223 580 450
PI 594618B (R) 421 383 225 233 223 223 583 477
PI 594778 (R) 428 393 225 230 223 237 583 463
LSD 8.0 10.1 5.4 7.1 10.3 8.5 12.4 20.2

Linolenic
(g/kg)

Sucrose
(mg/g)

Raffinose
(mg/g)

Stachyose
(mg/g)

Genotype HM DH HM DH HM DH HM DH

Cumberland (S) 47 97 38 38 6.0 5.7 24 24
Fremont (S) 53 107 33 33 4.0 4.0 26 26
PI 594401A (MR) 83 57 42 42 10.0 9.7 35 35
Williams 82 (MR) 70 67 43 43 12.0 11.7 36 36
PI 594618B (R) 80 67 55 55 12.0 11.7 35 35
PI 594778 (R) 80 60 56 56 12.0 11.7 35 35
LSD 5.7 6.4 2.1 2.0 0.9 0.9 0.8 0.8

N (%) K (%) Ca (%)
B

(mg/kg)
Mn

(mg/kg)
Cu

(mg/kg)
Zn

(mg/kg)

Genotype HM DH HM DH HM DH HM DH HM DH HM DH HM DH

Cumberland (S) 5.8 5.3 1.1 1.1 0.2 0.23 26 22 14 15 4.0 3.4 33 24
Fremont (S) 5.4 5.0 1.1 1.0 0.2 0.26 23 23 15 13 3.7 3.7 33 25
PI 594401A (MR) 5.0 3.7 1.3 1.2 0.3 0.37 36 29 22 23 6.3 5.9 45 37
Williams 82
(MR)

4.6 3.8 1.2 1.2 0.4 0.40 34 29 23 24 6.7 6.1 44 34

PI 594618B (R) 4.1 3.3 1.4 1.3 0.3 0.36 35 33 22 25 6.0 5.8 41 32
PI 594778 (R) 4.1 3.3 1.4 1.3 0.3 0.34 37 34 23 25 6.0 6.5 41 32
LSD 0.3 0.2 0.06 0.05 0.009 0.03 1.1 2.3 1.6 0.9 0.6 0.53 1.1 1.1

1Means were separated using Fisher’s least significant difference test at P ≤ 0.05.

Seed K, Mn, and Zn concentrations were higher in MR and R genotypes
than in S genotypes at harvest maturity and 15 days after harvest maturity
(Table 7 and Table 8). Boron and Cu concentrations were higher in MR and
R genotypes at harvest maturity only. Calcium concentration was higher in
R genotypes at harvest maturity only (Table 7 and Table 8). Nitrogen had
the opposite trend in that N concentration was higher in S genotypes than
in MR or R genotypes (Table 7 and Table 8).
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TABLE 6 Effect of harvest maturity (HM) or 15 days after harvest maturity (delayed harvesting
[DH]) on seed protein, oil, fatty acids, sugars, and mineral nutrition concentrations in maturity
group III soybean genotypes differ in their susceptibility to Phomopsis (Phomopsis longicolla)
under irrigated environment at Jamie Whitten Delta States Research Center, Stoneville, MS, in
2005.1

Protein
(g/kg) Oil (g/kg) Oleic (g/kg)

Linoleic
(g/kg)

Genotype HM DH HM DH HM DH HM DH

Cumberland (S) 434 377 185 220 181 237 628 583
Fremont (S) 443 417 186 217 181 197 585 563
PI 594401A (MR) 394 430 211 217 261 290 432 457
Williams 82 (MR) 407 457 226 223 235 290 425 467
PI 594618B (R) 381 473 221 213 284 257 422 507
PI 594778 (R) 389 447 225 200 285 280 418 483
LSD 6.6 6.1 6.0 5.8 13.6 8.0 18.0 19.2

Linolenic
(g/kg)

Sucrose
(mg/g)

Raffinose
(mg/g)

Stachyose
(mg/g)

HM DH HM DH HM DH HM DH

Cumberland (S) 100 93 42 48 15 17 43 38
Fremont (S) 98 80 44 47 15 17 44 44
PI 594401A (MR) 63 87 37 44 23 18 56 47
Williams 82 (MR) 65 73 36 41 23 17 61 44
PI 594618B (R) 63 80 57 43 23 17 50 53
PI 594778 (R) 65 77 49 46 24 17 64 49
LSD 4.5 5.3 1.9 2.1 1.2 1.0 3.6 3.6

N (%) K (%) Ca (%)
B

(mg/kg)
Mn

(mg/kg)
Cu

(mg/kg)
Zn

(mg/kg)

HM DH HM DH HM DH HM DH HM DH HM DH HM DH

Genotype
Cumberland (S) 4.7 5.7 1.5 1.4 0.2 0.2 31 35 20 25 6.6 7.3 28 41
Fremont (S) 5.1 5.1 1.3 1.4 0.3 0.3 27 38 21 24 10.2 7.3 26 44
PI 594401A (MR) 3.8 4.6 1.8 2.0 0.3 0.3 31 48 29 33 9.9 10.7 39 56
Williams 82 (MR) 3.7 4.2 1.9 2.0 0.3 0.4 33 51 27 35 7.6 11.7 36 54
PI 594618B (R) 3.5 4.2 1.6 1.9 0.3 0.3 32 47 24 33 7.7 10.3 37 55
PI 594778 (R) 3.5 4.4 1.7 1.9 0.4 0.4 34 48 26 34 10.3 11.3 38 53
LSD 0.2 0.3 0.10 0.8 0.03 0.02 2.8 2.5 1.7 1.04 0.5 0.8 1.9 1.6

1Means were separated using Fisher’s least significant difference test at P ≤ 0.05.

For MG V under the irrigated environment, concentrations of seed pro-
tein, oil, and oleic acid were consistently higher in MR and R genotypes
than in S genotypes at harvest maturity and 15 days after harvest maturity in
2003 and 2005. There was lower linoleic acid at harvest maturity and 15 days
after harvest maturity, and lower linolenic at 15 days after harvest maturity
only (Table 9 and Table 10).

Seed raffinose and stachyose concentrations were higher in R and MR
genotypes than in S genotypes at harvest maturity and 15 days after harvest
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TABLE 7 Effect of harvest maturity (HM) or 15 days after harvest maturity (delayed harvesting
[DH]) on seed protein, oil, fatty acids, sugars, and mineral nutrition concentrations in maturity
group III soybean genotypes differ in their susceptibility to Phomopsis (Phomopsis longicolla)
under non-irrigated environment at Jamie Whitten Delta States Research Center, Stoneville,
MS, in 2003.1

Protein
(g/kg) Oil (g/kg) Oleic (g/kg)

Linoleic
(g/kg)

Genotype HM DH HM DH HM DH HM DH

Cumberland (S) 410 426 171 157 293 278 527 549
Fremont (S) 422 426 180 173 285 283 513 578
PI 594401A (MR) 380 364 213 190 223 188 567 442
Williams 82 (MR) 387 357 210 197 237 188 580 435
PI 594618B (R) 390 363 217 213 223 178 583 452
PI 594778 (R) 403 377 207 229 223 201 542 449
LSD 7.2 8.9 6.6 8.5 10.3 7.8 19.7 21.7

Linolenic
(g/kg)

Sucrose
(mg/g)

Raffinose
(mg/g)

Stachyose
(mg/g)

HM DH HM DH HM DH HM DH

Cumberland (S) 47 102 38 33 5.7 10 23 29
Fremont (S) 53 108 33 29 4.0 9 26 34
PI 594401A (MR) 83 63 42 38 9.7 15 35 44
Williams 82 (MR) 70 72 43 38 11.7 16 36 42
PI 594618B (R) 80 73 55 51 11.7 17 35 43
PI 594778 (R) 80 73 56 51 11.7 16 35 43
LSD 5.7 7.8 2.0 2.0 0.9 1.0 0.8 0.9

N (%) K (%) Ca (%)
B

(mg/kg)
Mn

(mg/kg)
Cu

(mg/kg)
Zn

(mg/kg)

HM DH HM DH HM DH HM DH HM DH HM DH HM DH

Genotype
Cumberland (S) 5.8 5.0 1.1 1.0 0.2 0.2 26 12 14 10 4.0 2.0 33 16
Fremont (S) 5.3 4.7 1.1 1.0 0.2 0.2 23 14 15 8 4.0 2.6 33 17
PI 594401A (MR) 5.0 3.7 1.3 1.2 0.2 0.2 36 24 22 19 6.3 4.1 45 29
Williams 82 (MR) 4.5 3.8 1.2 1.1 0.3 0.3 34 22 23 18 6.7 4.7 44 27
PI 594618B (R) 4.4 3.3 1.4 1.3 0.3 0.3 35 23 22 21 6.0 4.7 41 24
PI 594778 (R) 4.2 3.4 1.3 1.3 0.3 0.3 37 24 23 19 6.0 5.0 41 24
LSD 0.3 0.2 0.07 0.05 0.01 0.02 1.0 1.4 1.6 1.2 0.6 0.7 1.1 0.9

1Means were separated using Fisher’s least significant difference test at P ≤ 0.05.

maturity in 2003 and 2005 (Table 9 and Table 10). Seed concentration of
sucrose was higher in R genotypes than in S genotypes at harvest maturity
and 15 days after harvest maturity in 2003 and 2005. Seed sucrose in MR
genotypes was not consistent. Seed concentrations of K, B, Mn, Cu, and
Zn were higher in R and MR genotypes than in S genotypes at harvest
maturity and 15 days after harvest maturity (Table 9 and Table 10). Seed Ca
concentration was higher in R and MR genotypes than in S lines at 15 days
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TABLE 8 Effect of harvest maturity (HM) or 15 days after harvest maturity (delayed harvesting
[DH]) on seed protein, oil, fatty acids, sugars, and mineral nutrition concentrations in matu-
rity group III soybean genotypes that differ in their susceptibility to Phomopsis (Phomopsis
longicolla) under non-irrigated environment at Jamie Whitten Delta States Research Center,
Stoneville, MS, in 2005.1

Protein
(g/kg) Oil (g/kg) Oleic (g/kg)

Linoleic
(g/kg)

Genotype HM DH HM DH HM DH HM DH

Cumberland (S) 437 443 176 199 287 320 533 437
Fremont (S) 457 444 185 186 263 330 559 443
PI 594401A (MR) 376 397 213 230 235 207 515 547
Williams 82 (MR) 403 395 227 233 206 190 507 550
PI 594618B (R) 367 405 220 236 233 230 497 503
PI 594778 (R) 407 404 220 237 197 240 513 543
LSD 13.9 9.0 6.4 6.3 13.4 13.1 30.0 17.4

Linolenic
(g/kg)

Sucrose
(mg/g)

Raffinose
(mg/g)

Stachyose
(mg/g)

MH DH MH DH MH DH MH DH

Cumberland (S) 90 63 47 47 10 10 36 36
Fremont (S) 80 60 49 49 10 10 35 35
PI 594401A (MR) 73 93 42 42 18 18 49 49
Williams 82 (MR) 77 90 41 41 18 18 52 52
PI 594618B (R) 73 93 62 62 17 17 43 43
PI 594778 (R) 72 80 54 54 19 18 55 55
LSD 5.9 6.1 1.7 1.7 0.7 0.8 3.3 3.3

N (%) K (%) Ca (%)
B

(mg/kg)
Mn

(mg/kg)
Cu

(mg/kg)
Zn

(mg/kg)

HM DH HM DH HM DH HM DH HM DH HM DH HM DH

Genotype
Cumberland (S) 5.5 4.8 1.6 1.5 0.2 0.2 39 40 25 26 8.0 8.0 45 36
Fremont (S) 5.9 5.1 1.4 1.3 0.3 0.3 39 37 24 26 7.7 11 44 35
PI 594401A (MR) 4.6 3.9 1.8 1.8 0.3 0.3 52 40 35 35 10.7 11 55 47
Williams 82 (MR) 4.4 3.7 2.0 1.9 0.3 0.3 51 43 33 32 11.3 9.0 54 44
PI 594618B (R) 4.3 3.6 1.7 1.6 0.3 0.4 49 42 30 32 12.0 9.0 53 45
PI 594778 (R) 4.3 3.6 1.7 1.7 0.4 0.4 52 44 31 31 12.0 11.6 56 46
LSD 0.24 0.2 0.10 0.10 0.02 0.03 2.7 2.7 0.8 1.4 1.06 0.5 1.4 1.9

1Means were separated using Fisher’s least significant difference test at P ≤ 0.05.

after harvest maturity only. Seed N concentration was higher in S genotypes
than in R or MR genotypes at harvest maturity and 15 days after harvest
maturity consistently in 2003 and 2005 (Table 9 and Table 10). Except for
Ca, similar pattern of seed composition components was repeated for MG V
under the non-irrigated environment (Table 11 and Table 12). Seed Ca was
not consistent over years.
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TABLE 9 Effect of harvest maturity (HM) or 15 days after harvest maturity (delayed harvesting
[DH]) on seed protein, oil, fatty acids, sugars, and mineral nutrition concentrations in matu-
rity group V soybean genotypes that differ in their susceptibility to Phomopsis (Phomopsis
longicolla) under irrigated (I) environment at Jamie Whitten Delta States Research Center,
Stoneville, MS, in 2003.1

Protein
(g/kg) Oil (g/kg) Oleic (g/kg)

Linoleic
(g/kg)

Genotype HM DH HM DH HM DH HM DH

95-231-3BF (S) 377 373 177 180 217 227 583 577
Freedom (S) 413 383 188 177 197 223 563 537
D86-4565 (MR) 430 443 217 240 290 313 457 460
PI 200510 (MR) 457 457 228 230 290 317 467 463
Forrest (R) 473 473 241 230 257 330 507 440
NCPR83-45 (R) 447 470 241 230 280 303 483 430
LSD 5.0 7.6 8.0 5.3 7.3 11.2 19.3 16.2

Linolenic
(g/kg)

Sucrose
(mg/g)

Raffinose
(mg/g)

Stachyose
(mg/g)

HM DH HM DH HM DH HM DH

95-231-3BF (S) 93 90 48 48 8.7 8.7 34 34
Freedom (S) 80 97 47 47 8.3 8.3 37 37
D86-4565 (MR) 87 63 44 44 18 18 47 47
PI 200510 (MR) 73 63 41 41 17 17 44 44
Forrest (R) 80 60 62 62 17 17 53 53
NCPR83-45 (R) 77 60 67 67 17 17 49 49
LSD 5.3 6.6 1.4 1.3 0.9 0.9 2.7 2.7

N (%) K (%) Ca (%)
B

(mg/kg)
Mn

(mg/kg)
Cu

(mg/kg)
Zn

(mg/kg)

Genotype HM DH HM DH HM DH HM DH HM DH HM DH HM DH

95-231-3BF (S) 5.7 4.9 1.4 1.4 0.2 0.2 35 32 25 22 7 6.7 41 32
Freedom (S) 5.6 5.0 1.3 1.4 0.3 0.3 38 32 24 24 7 6.3 44 35
D86-4565 (MR) 4.6 3.8 2.0 2.0 0.3 0.4 48 44 33 30 11 8.4 56 46
PI 200510 (MR) 4.2 3.5 2.0 2.0 0.4 0.4 51 42 35 34 12 12.1 54 45
Forrest (R) 4.2 3.5 1.9 1.9 0.3 0.4 47 41 33 34 10 12.0 55 45
NCPR83-45 (R) 4.6 4.4 1.9 1.9 0.4 0.4 48 43 34 32 11 11.0 53 44
LSD 0.3 0.2 0.08 0.1 0.02 0.04 2.5 1.7 1.04 1.0 0.8 0.8 1.6 1.7

1Means were separated using Fisher’s least significant difference test at P ≤ 0.05.

DISCUSSION

Seed Protein, Oil, and Fatty Acids in MG III and MG V

The higher oleic acid concentrations in MR and R genotypes than in S
genotypes at harvest maturity or 15 days after harvest maturity in MG III
under the irrigated environment may be due to the ability of M and R
genotypes to accumulate higher level of oleic acid than in S genotypes, or
may be due phomopsis susceptibility differences. Previous research showed
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TABLE 10 Effect of harvest maturity (HM) or 15 days after harvest maturity (delayed har-
vesting [DH]) on seed protein, oil, fatty acids, sugars, and mineral nutrition concentrations
in maturity group V soybean genotypes that differ in their susceptibility to Phomopsis
(Phomopsis longicolla) under irrigated (I) environment at Jamie Whitten Delta States Research
Center, Stoneville, MS, in 2005.1

Protein
(g/kg) Oil (g/kg) Oleic (g/kg)

Linoleic
(g/kg)

Genotype HM DH HM DH HM DH HM DH

95-231-3BF (S) 366 378 183 190 217 213 582 597
Freedom (S) 381 382 187 187 204 230 587 583
D86-4565 (MR) 416 425 228 233 283 291 547 467
PI 200510 (MR) 428 422 234 220 293 252 507 480
Forrest (R) 433 430 212 233 243 255 518 440
NCPR83-45 (R) 437 428 224 230 281 245 497 453
LSD 6.1 7.6 8.4 5.1 15.9 11.6 33.3 19.0

Linolenic
(g/kg)

Sucrose
(mg/g)

Raffinose
(mg/g)

Stachyose
(mg/g)

HM DH HM DH HM DH HM DH

95-231-3BF (S) 99 97 36 36 5.3 5.3 24 25
Freedom (S) 101 93 35 35 4.7 4.7 26 25
D86-4565 (MR) 67 67 43 43 8.0 8.0 39 39
PI 200510 (MR) 74 60 45 45 10.0 10.0 39 40
Forrest (R) 73 63 61 65 10.3 10.3 39 36
NCPR83-45 (R) 64 57 63 67 8.7 8.7 38 37
LSD 5.4 6.8 2.9 1.4 0.9 0.9 1.8 0.7

N (%) K (%) Ca (%)
B

(mg/kg)
Mn

(mg/kg)
Cu

(mg/kg)
Zn

(mg/kg)

HM DH HM DH HM DH HM DH HM DH HM DH HM DH

Genotype
95-231-3BF (S) 6.0 5.2 1.0 1.0 0.2 0.2 26 23 14 14 4.3 4.3 33 24
Freedom (S) 5.8 5.0 1.1 1.1 0.2 0.2 25 24 14 14 3.7 4.4 34 25
D86-4565 (MR) 4.1 3.3 1.3 1.4 0.2 0.3 37 25 20 23 7.3 4.7 45 36
PI 200510 (MR) 4.4 4.1 1.4 1.5 0.3 0.4 38 32 19 25 5.3 6.1 42 34
Forrest (R) 4.4 3.7 1.5 1.5 0.3 0.3 40 34 24 26 6.3 5.6 44 34
NCPR83-45 (R) 4.6 3.8 1.4 1.4 0.3 0.3 39 36 23 23 6.7 6.5 42 33
LSD 0.33 0.3 0.07 0.07 0.007 0.007 1.3 1.8 1.7 0.9 0.8 0.6 1.1 1.7

1Means were separated using Fisher’s least significant difference test at P ≤ 0.05.

that susceptible genotypes to charcoal rot disease pressure resulted in higher
oleic acid concentrations (Bellaloui, Mengistu, & Paris 2008). The inconsis-
tency of protein, oil, linoleic, and linolenic acids concentration in these lines
suggests the significant influence of environmental factors such as temper-
ature and rain fall in each year on these components (Maestri et al. 1998;
Piper & Boot 1999; Dardenelli et al. 2006; Bellaloui, Mengistu, & Paris 2008;
Bellaloui et al. 2009). The ability to maintain these compounds at higher lev-
els in M and R genotypes than in S genotypes may depend on MG since this
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TABLE 11 Effect of harvest maturity (HM) or 15 days after harvest maturity (delayed har-
vesting [DH]) on seed protein, oil, fatty acids, sugars, and mineral nutrition concentrations
in maturity group V soybean genotypes that differ in their susceptibility to Phomopsis
(Phomopsis longicolla) under non-irrigated (NI) environment at Jamie Whitten Delta States
Research Center, Stoneville, MS, in 2003.1

Protein
(g/kg) Oil (g/kg) Oleic (g/kg)

Linoleic
(g/kg)

Genotype HM DH HM DH HM DH HM DH

95-231-3BF (S) 377 366 169 194 237 191 583 562
Freedom (S) 413 386 187 180 197 178 563 512
D86-4565 (MR) 430 423 199 224 290 278 457 445
PI 200510 (MR) 457 443 228 210 290 271 467 438
Forrest (R) 473 460 225 210 257 295 507 425
NCPR83-45 (R) 447 442 248 210 280 258 483 405
LSD 5.0 6.8 8.2 7.4 8.0 11.4 19.2 16.2

Linolenic
(g/kg)

Sucrose
(mg/g)

Raffinose
(mg/g)

Stachyose
(mg/g)

HM DH HM DH HM DH HM DH

95-231-3BF (S) 93 90 48 43 8.7 13 34 42
Freedom (S) 80 93 47 43 8.3 13 37 46
D86-4565 (MR) 87 67 44 39 18 22 47 53
PI 200510 (MR) 73 68 41 37 17 22 44 52
Forrest (R) 80 60 62 57 17 21 53 59
NCPR83-45 (R) 77 60 63 63 17 22 49 57
LSD 5.3 4.2 2.0 1.4 0.9 1.10 2.7 2.8

N (%) K (%) Ca (%)
B

(mg/kg)
Mn

(mg/kg)
Cu

(mg/kg)
Zn

(mg/kg)

HM DH HM DH HM DH HM DH HM DH HM DH HM DH

Genotype
95-231-3BF (S) 5.7 5.1 1.4 1.3 0.2 0.2 35 25 25 17 7.3 7.7 41 24
Freedom (S) 5.1 4.8 1.4 1.3 0.3 0.3 38 25 24 20 7.3 5.5 44 27
D86-4565 (MR) 4.2 3.8 2.0 1.9 0.3 0.4 48 35 33 25 11 7.0 56 39
PI 200510 (MR) 4.2 3.4 2.0 2.0 0.4 0.3 51 31 35 30 12 11 54 37
Forrest (R) 4.2 3.4 1.9 1.8 0.3 0.3 47 31 33 28 10 11 55 38
NCPR83-45 (R) 4.4 3.7 1.9 1.8 0.4 0.4 48 32 34 28 11 7.8 53 36
LSD 0.3 0.2 0.08 0.08 0.02 0.03 2.5 2.0 1.04 1.4 0.8 0.6 1.6 1.8

1Means were separated using Fisher’s least significant difference test at P ≤ 0.05.

observation was noticed in MG V and was not in MG III. Alternatively, the
different responses between MG III and MG V cultivars could be related to
the different environmental conditions experienced during seed maturation.
The MG III cultivars would have been exposed to hotter and perhaps wetter
conditions.

The lower protein and oil concentrations shown in S genotypes in
MG V under the irrigated environment may be due to weak cell wall or
seed coat integrity compared with MR and R genotypes. Weak cell wall
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TABLE 12 Effect of harvest maturity (HM) or 15 days after harvest maturity (delayed har-
vesting [DH]) on seed protein, oil, fatty acids, sugars, and mineral nutrition concentrations
in maturity group V soybean genotypes that differ in their susceptibility to Phomopsis
(Phomopsis longicolla) under non-irrigated (NI) environment at Jamie Whitten Delta States
Research Center, Stoneville, MS, in 2005.1

Protein
(g/kg) Oil (g/kg) Oleic (g/kg)

Linoleic
(g/kg)

Genotype HM DH HM DH HM DH HM DH

95-231-3BF (S) 351 369 171 167 197 177 555 582
Freedom (S) 389 374 176 169 151 185 561 558
D86-4565 (MR) 444 436 198 220 261 293 535 441
PI 200510 (MR) 426 448 209 234 235 284 481 465
Forrest (R) 421 427 204 230 251 286 482 415
NCPR83-45 (R) 439 434 202 224 242 277 488 438
LSD 12.9 6.9 6.1 7.2 7.1 12.8 18.3 19.0

Linolenic
(g/kg)

Sucrose
(mg/g)

Raffinose
(mg/g)

Stachyose
(mg/g)

Genotype HM DH HM DH HM DH HM DH

95-231-3BF (S) 88 102 42 31 15 11 43 32
Freedom (S) 92 94 44 31 15 10 44 34
D86-4565 (MR) 87 73 37 39 23 13 56 48
PI 200510 (MR) 83 65 36 41 23 15 61 47
Forrest (R) 78 70 54 61 23 16 50 46
NCPR83-45 (R) 83 62 49 62 24 14 64 44
LSD 4.6 5.3 1.8 1.6 1.2 1.1 3.6 1.0

N (%) K (%) Ca (%)
B

(mg/kg)
Mn

(mg/kg)
Cu

(mg/kg)
Zn

(mg/kg)

Genotype HM DH HM DH HM DH HM DH HM DH HM DH MH DH

95-231-3BF (S) 5.4 5.2 1.5 1.0 0.2 0.2 30 14 19 8.3 6.6 2.9 37 16
Freedom (S) 5.9 5.0 1.3 1.1 0.3 0.2 30 14 19 9.1 6.4 3.2 36 17
D86-4565 (MR) 4.6 3.3 1.8 1.3 0.3 0.2 43 16 29 18 9.3 3.5 47 27
PI 200510 (MR) 4.4 4.7 1.9 1.4 0.3 0.3 42 23 28 19 10.1 4.7 45 26
Forrest (R) 4.2 3.7 1.6 1.4 0.3 0.3 39 25 24 21 10.6 4.4 45 26
NCPR83-45 (R) 4.2 3.8 1.7 1.3 0.3 0.3 42 27 26 17 10.8 5.1 47 25
LSD 0.2 0.2 0.10 0.07 0.03 0.007 2.7 2.0 1.01 0.9 1.07 0.6 1.5 1.7

1Means were separated using Fisher’s least significant difference test at P ≤ 0.05.

or lack of seed coat integrity may lead to loss of soluble compound from
seed or lead to pathogen penetration through the seed coat, resulting in
breakdown of organic compounds, including protein and oils. Therefore,
the level of resistance to Phomopsis and seed coat composition and integrity
may determine the leakage rate and loss of soluble compounds (Marshner
1995; Spann & Schumann 2011). Soybean seed protein and oil are rich in
essential amino acids and fatty acids, which are favorable conditions for
fungal pathogens to grow and multiply (Welbaum 2006), leading to chemical
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breakdown of protein, oil, and fatty acids (Begum et al. 2008). Our results
showed that MG III genotypes did not follow the same trend as those of
MG V genotypes for protein, oil, and fatty acids, and this may be due
to genotype differences (Bellaloui & Mengistu 2008), maturity differences
(Bellaloui et al. 2009), or exposure to different environmental conditions
during seed maturation.

Literature on the effect of Phomopsis on seed composition is limited,
and what is available is on susceptible genotypes to Phomopsis and not
on genotypes differing in their susceptibility to Phomopsis as in the current
study. Previous research showed conflicting results regarding the relation-
ship between Phomopsis and seed composition components. It was found
that there were no significant correlations between the percentage of seed
infection and seed protein and oil in soybean cultivar Asgrow3834 planted
in mid-April (Wrather et al. 2003). However, a significant negative corre-
lation between the percentage of seed infection and seed palmitic and
oleic acids, and a significant positive correlation between seed infection
and linoleic and linolenic acids, was observed (Wrather et al. 2003). Other
researchers found higher oil and protein percentages in seed with symp-
toms of Phomopsis sojae infection (Hepperly & Sinclair 1978); a positive
correlation between soybean seed protein concentration and fungal dam-
age by Fusarium spp., Cercospora spp., and Phomopsis spp. (Wilson,
Novitzky, & Fenner 1995); and higher seed protein in seed inoculated with
Colletotrichum truncatum than those in the un-inoculated seeds (Begum
et al. 2008).

Fungal-infected soybean seed had higher protein concentrations
(Meriles et al. 2004), lower carbohydrates, and no change or increased
oil concentrations (Pathan, Sinclair, & McClary 1989.). Fungal infection
by C. truncatum increased protein and oleic acid content and reduced
linoleic acid content but did not change in extracted oil and other fatty
acids when compared with un-inoculated seeds after four days of incu-
bation (Begum et al. 2008). C. truncatum infection did not change the
amount of extracted oil in inoculated seeds compared to un-inoculated
seeds, but increased oleic acid and decreased linoleic acid (Bhattacharya
& Raha 2002). The increase in protein and oleic acid was also reported in
corn, groundnut, and soybean seeds infected by different fungal species,
including Aspergillus, Penicillium, Fusarium, Curvularia, Alternaria, and
Rhizopus (Bhattacharya & Raha 2002). Meriles et al. (2004) also detected a
high level of oleic acid and lower levels of linoleic and linolenic acids in
Fusarium spp. and Diaporthe/Phomopsis complex-infected soybean seeds.
The increase of protein and oleic acid in S genotypes in MG V at har-
vest maturity and 15 days after harvest maturity in 2003 and 2005 under
the non-irrigated environment in our results is supported by previous
research (Wilson, Novitzky, & Fenner 1995; Begum et al. 2008; Meriles
et al. 2004). However, our results in MG III or MG V under the irrigated
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environment cannot be compared to the literature as the available litera-
ture is on the effect of Phomospsis on seed composition in inoculated and
non-inoculated susceptible genotypes. To our knowledge this is the first
detailed report that investigated the effect of Phomopsis on seed composi-
tion components in genotypes differing in their susceptibility to Phomopsis
infection.

Mechanisms of the effect of Phomopsis on seed protein, oil, and sat-
urated and unsaturated fatty acids are still not yet understood, but it
was suggested that the fungal damage could be due to the disruption
of cellular membranes, probably causing hydrolysis of hydratable phos-
phatides, principally lecithins by phospholipase D activity (List, Mounts,
& Lanser 1992). The other possible explanation is that Phomopsis may
inhibit the uptake and assimilation of essential macro- and micronutrients
involved in seed coat resistance against diseases, including Phomopsis.
Minerals are involved in membrane permeability and integrity (Ca and B),
phenol metabolism, and lignin biosynthesis (B, Mn, and Cu; Marschner
1995). Altering the balance of these nutrients in seed coat integrity, cell
wall, and cell membrane, and changing the cell membrane phospholipids
as a result of altered fatty acids, may undermine the integrity of cell
wall and cell membrane to prevent disease from penetration (Marschner
1995).

Seed Sucrose, Raffinose, and Stachyose

The consistent higher levels of raffinose and stachyose in MR and R
genotypes than in S genotypes at harvest maturity and 15 days after harvest
maturity in 2003 and 2005 under the irrigated and non-irrigated environ-
ment indicates that Phomopsis seed infection altered seed sugars, and there
is an indirect possible role of specific sugars in Phomopsis resistance. The
inconsistency of seed sucrose concentration in MR may indicate that the level
of sucrose in genotypes may depend on the level of susceptibility of this
genotype to Phomopsis. To maintain higher soybean seed sucrose concen-
tration under Phomopsis infection, resistant soybean cultivars to Phomopsis
may be needed. The low effect of Phomopsis on raffinose and stachyose
compared to sucrose suggests that raffinose and galactinol levels may play
an important role under abiotic stress, and the accumulation of galacti-
nol and raffinose may protect the plant from stress environment such as
drought (Taji et al. 2002) or diseases. Previous research showed that the
activity of sucrose synthase, the main enzyme involved in sucrose hydroly-
sis in nodules, decreased under conditions of drought (Streeter 2003), and a
several-fold decline in sucrose synthase was observed in soybean (González
et al. 1995), suggesting the higher sensitivity of sucrose to biotic and abiotic
stress than raffinose and stachyose.
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Seed Mineral Composition

The lower seed concentrations of K, B, Mn, Cu, and Zn in R and MR
genotypes than in S genotypes at harvest maturity and 15 days after harvest
maturity in 2003 and 2005 may indicate the indirect involvement of these
nutrients in the Phomopsis infection. The higher Ca concentration in MR
and R genotypes than in S genotypes at 15 days after harvest maturity
only may indicate that delaying harvesting results in the loosing of Ca
through leakage. This was not obvious at mature harvesting because the
weathering effect that resulted from delaying harvesting was not a factor.
The higher seed N in S genotypes than in MR or R genotypes indicated
that Phomopsis infection may have resulted in higher N concentration in
S lines as a result of disease pressure. The possible explanation for the
lower concentration of seed K, Ca, Mn, B, Zn, and Cu in S than in MR
or R genotypes may be due to Phomopsis infection that resulted in inhibi-
tion of the uptake and translocation of these nutrients (Spann & Schumann
2011) to the cotyledons. Previous research indicated that, although resistance
is genetically controlled, environmental factors such as mineral nutrition can
play an important role in resistance or tolerance to pathogens (Marschner
1995; Spann & Schumann 2011). Marschner (1995) reported that, as a rule,
the effect of mineral nutrition is relatively small in highly resistant or highly
susceptible cultivars, but it is substantial in moderately susceptible or resis-
tant cultivars. The higher concentrations of these minerals in MR and R
genotypes indicate that these minerals may be associated with Phomopsis
resistance. It was also reported that phenolics and lignin are the key in
defense mechanism to plants, and B, Mn, and Cu play a major role in phe-
nolics and lignin synthesis (Marschner 1995; Graham 1983; Graham & Webb
1991). The role of minerals in cell wall and membrane integrity was also pre-
viously reported. For example, potassium (Spann & Schumann 2011) and
Zn (Bolle-Jones & Hilton 1956) deficiency resulted in high cell wall leak-
age of sugar and amino acid concentrations to leaf apoplast, leading to
easy penetration by pathogens. Boron deficiency resulted in higher fungal
infection (Schutte 1967) and low content of Ca in plant tissue, increasing
cell wall leakage of sugars and amino acids from cytoplasm to apoplast.
It was found that Ca is involved in the stability of cell wall through poly-
galacturonates, which are required for the middle lamella for cell wall
synthesis. The activity of enzymes like polygalacturonase, which dissolve
the middle lamella, is inhibited drastically by Ca. Copper was found to
inhibit diseases, and Cu deficiency resulted in impairment of defense com-
pound production, accumulation of soluble carbohydrates, and reduced
lignification, leading to lower disease resistance (Spann & Schumann 2011).
The inconsistency of seed minerals in MG III genotypes may be due to
genotype differences and maturity compared with MG V genotypes. Our
results with MG V genotypes support previous research in that seed K,
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Ca, Mn, B, Zn, and Cu may play an important role in Phomopsis resis-
tance, and delayed harvesting may negatively affect the integrity of seed
coat, increasing leakage of soluble compounds (Marshner 1995; Spann &
Schumann 2011).

CONCLUSIONS

Our research demonstrated that Phomopsis affected seed protein, oil, and
sugars under irrigated and non-irrigated conditions. The effect of Phomopsis
and irrigation on seed protein, oils, and sugars depended on the genotype
and maturity. The higher levels of Ca, K, B, Mn, and Zn in seed of resistant
genotypes suggest that these minerals may be associated with Phomopsis
infection and drought stress.

REFERENCES

Analytical Methods Committee. 1959. Royal Society of Chemistry. Analyst, London,
UK. 84, 214–216.

Association of Official Analytical Chemists (AOAC). 1990a. Method 988.05. In
Official methods of analysis, 15th ed., edited by K. Helrich, .Arlington, VA:
AOAC. 70.

Association of Official Analytical Chemists (AOAC). 1990b. Method 920.39. In
Official methods of analysis, 15th ed., edited by K. Helrich,. Arlington, VA:
AOAC. 79.

Bandemer, S. L., and P. J. Schaible. 1994. Determination of iron. A study of the
o-Phenanthrolinemethod. Ind. Eng. Chem. Anal. Ed. 16:317–319.

Beare-Rogers, J. 1995. Food fats and fatty acids in human nutrition. In Development
and processing vegetable oils for human nutrition, edited by R. Przybylski and
B. E. McDonald, 1–7. Champaign, IL: The American Oil Chemists’ Society.

Begum, M. M., M. Sariah, A. B. Puteh, and A. M. Zainal-Abidin. 2008. Pathogenicity
of Colletotrichum truncatum and its influence on soybean seed quality. Int. J.
Agri. Biol. 10:393–398.

Belewu, M. A., and K. Y. Belewu. 2007. Comparative physico-chemical evaluation
of tiger-nut, soybean and coconut milk sources. Int. J. Agri. Biol. 9:785–787.

Bellaloui N., and A. Mengistu. 2008. Seed composition is influenced by irrigation
regimes and cultivar differences in soybean. Irrig. Sci. 26:261–268.

Bellaloui, N., A. Mengistu, and R.L. Paris. 2008. Soybean seed composition in culti-
vars differing in resistance to charcoal rot (Macrophomina phaseolina). J. Agric.
Sci. 146:667–675.

Bellaloui, N., K. N. Reddy, A. M. Gillen, and C. A. Abel. 2010. Nitrogen metabolism
and seed composition as influenced by foliar boron application in soybean.
Plant Soil 336:143–155.

Bellaloui N., J. R. Smith, A. M. Gillen, and J. D. Ray. 2009. Effect of maturity on seed
sugar in the early soybean production system as measured on near-isogenic
soybean lines. Crop Sci. 49: 608–620.

 



Soybean Seed Composition and Phomopsis Resistance 451

Bellaloui, N., J. R. Smith, A. M. Gillen, and J. D. Ray. 2011. Effects of matu-
rity, genotypic background, and temperature on seed mineral composition in
near-isogenic soybean lines in the early soybean production system. Crop Sci.
51:1,161–1,171.

Bellaloui, N., J. R. Smith, J. D. Ray, and A. M. Gillen. 2009. Effect of maturity on
seed composition in the early soybean production system as measured on near-
isogenic soybean lines. Crop Sci. 49:608–620.

Bhattacharya, K., and S. Raha. 2002. Deteriorative changes of maize, groundnut and
soybean seeds by fungi in storage. Mycopathologia 155:135–41.

Bolle-Jones, E. W., and R. N. Hilton. 1956. Zinc-deficiency of Hevea brasiliensis as a
predisposing factor to Oidium infection. Nature (London) 177:619–620.

Boydak, E., M. Alpaslan, M. Hayta, S. Gercek, and M. Simsek. 2002. Seed compo-
sition of soybeans grown in the Harran region of Turkey as affected by row
spacing and irrigation. J. Agric. Food Chem. 50:4,718–4,720.

Bradley, C. A., G. L. Hartman, L. M. Wax, and Pedersen. 2002. Quality of har-
vested seed associated with soybean cultivars and herbicides under weed-free
conditions. Plant Dis. 86:1,036–1,042.

Cherry, J. H., L. Bishop, P. M. Hasegawa, and H. R. Leffler. 1985. Differences in
the fatty acid composition of soybean seed produced in northern and southern
areas of the U.S.A. Phytochem. 24:237–241.

Dordas, C. 2006. Foliar boron application improves seed set, seed yield, and seed
quality of alfalfa. Agron. J. 98:907–913.

Fehr, W. R., and C. E. Caviness. 1977. Stages of soybean development. Iowa Agric.
Exp. Stn. Spec. Rep. 80. Ames, Iowa: Iowa State University.

González, E. M., A. J. Gordon C. L. James, and C. Arrese-Igor. 1995. The role of
sucrose synthase in the response of soybean nodules to drought. J. Exp. Bot.
46:1,515–1,523.

Graham, D. R., and M. J. Webb. 1991. Micronutrients and disease resistance and
tolerance in plants. In Micronutrients in agriculture, edited by J. J. Mortvedt,
F. R. Cox, L.M. Shuman, and R. M. Welch, 329–370. Madison, WI: Soil Science
Society of America.

Graham, R. D. 1983. Effects of nutritional stress on susceptibility to disease with
particular reference to trace elements. Adv. Bot. Res. 10:221–276.

Heatherly, L. G. 1999. Early soybean production system (ESPS). In Soybean produc-
tion in the midsouth, edited by L. G. Heatherly and H. F. Hodges, 103–118.
Boca Raton, FL: CRC Press.

Hepperly, P. R., and J. B. Sinclair. 1978. Quality losses in Phomopsis-infected soybean
seeds. Phytopathol. 68:1,684–1,687.

Hou, A., P. Chen, J. Alloatti, D. Li, L. Mozzoni, B. Zhang, and A. Shi. 2009. Genetic
variability of seed sugar content in worldwide soybean germplasm collections.
Crop Sci. 49:903–912.

John, M. K., H. H. Chuah, and J. H. Neufeld. 1975. Application of improved
azomethine-H method to the determination of boron in soils and plants. Anal.
Lett. 8:559–568.

Leoppert, R. L., and W. P. Inskeep. 1996. Colorimetric determination of ferrous iron
and ferric iron by the 1,10-phenan-throline method. In Methods of soil analysis:
Part 3 chemical methods, edited by J. M. Bigham, 659–661. Madison, WI: Soil
Science Society of America.

 



452 N. Bellaloui et al.

List, G. R., T. L. Mounts, and A. C. Lanser. 1992. Factors promoting the formation of
nonhydratable soybean phosphatides. J. Am. Oil Chem. Soc. 69:443.

Lohse, G. 1982. Microanalytical azomethine-H method for boron determination in
plant tissue. Comm. Soil Sci. Plant Anal. 13:127–134.

Maestri, D. M., D. O. Labuckas, J. M. Meriles, A. L. Lamarques, J. A. Zygadlo, and C.
A. Guzman. 1998. Seed composition of soybean cultivars evaluated in different
environmental regions. J. Sci. Food Agric. 77:494–498.

Marschner, H. 1995. Mineral nutrition of higher plants. San Diego, CA: Academic
Press.

Mengistu, A., L. A. Castlebury, J. R. Smith, A. Y. Rossman, and K. N. Reddy. 2007.
Identification and pathogenicity of Phomopsis isolates from weed hosts and
their effect on soybean. Can. J. Plant Pathol. 29:283–289.

Mengistu, A., and L. G. Heatherly. 2006. Planting date, irrigation, maturity group,
year, and environment effects on Phomopsis longicolla, seed germination, and
seed health rating of soybean in the early soybean production system of the
mid-southern USA. Crop Prot. 25:310–317.

Mengistu, A., J. R. Smith, N. Bellaloui, R. L. Paris, and J. A. Wrather. 2010. Irrigation
and time of harvest effects on evaluation of selected soybean accessions against
Phomopsis longicolla. Crop Sci. 50:2,055–2,064.

Meriles, J. M., A. L. Lamarque, D. O. Labuckas, and D. M. Maestri. 2004. Effect of
fungal damage by Fusarium spp and Diaporthe/Phomopsis complex on protein
quantity and quality of soybean seed. J. Sci. Food. Agric. 84:1,594–1,598.

Minor, H. C., E. A. Brown, B. Doupnik Jr., R. W. Elmore, and M. S. Zimmerman. 1993.
Registration of Phomopsis seed decay resistant soybean germplasm MO/PSD-
0259. Crop Sci. 33:1,105.

Pathan, M. A., J. B. Sinclair, and R. D. McClary. 1989. Effects of Cercospora kikuchii
on soybean seed germination and quality. Plant Dis. 73:720–723.

Pathan, M. S., K. M. Clark, J. A. Wrather, G. L. Sciumbato, J. G. Shannon, H. T
Nguyen, andD.A. Sleper. 2009. Registrationof soybeangermplasmSS93-6012 and
SS93-6181 resistant to Phomopsis seed decay. J. Plant Reg. 3:91–93.

Piper, E. L., and K. J. Boote. 1999. Temperature and cultivar effects on soybean seed
oil and protein concentrations. J. Am. Oil Chem. Soc. 76:1,233–1,242.

Roy, K. W. 1976. The mycoflora of soybean reproductive structures. PhD thesis,
Purdue University, West Lafayette, Indiana.

Ryley, M. 2004. Effects of some diseases on the quality of culinary soy-
bean seed. http://www.docstoc.com/docs/32751896/Influence-of-diseases-on-
the-quality-of-soybean-seed

SAS Institute. 2001. SAS 9.1 TS Level 1M3, Windows version 5.1.2600, Cary, NC: SAS
Institute.

Savoy, B. R., J. T. Cothran, and C. R. Shumway. 1992. Early-season production
systems utilizing indeterminate soybean. Agron. J . 84:394–398.

Schnebly, S. R., and W. R. Fehr. 1993. Effect of years and planting dates on fatty
acid composition of soybean genotypes. Crop Sci. 33:716–719.

Schutte, K. H. 1967. The influence of boron and copper deficiency upon infection
by Erysiphe graminis DC the powdery Mildew in wheat var. Kenya. Plant Soil
27:450–452.

 



Soybean Seed Composition and Phomopsis Resistance 453

Smith, J. R., A. Mengistu, R. T. Nelson, and R. L. Paris. 2008. Identification of soybean
accessions with high germinability in high-temperature environments. Crop Sci.
48:2,279–2,288.

Spann, T. M., and A. W. Schumann. 2010. Mineral nutrition contributes to plant
disease and pest resistance. #HS1181. Gainesville, FL: University of Florida,
Institute of Food and Agricultural Sciences (IFAS) Extension. http://edis.ifas.ufl.
edu

Streeter, J. G. 2003. Effects of drought on nitrogen fixation in soybean root nodules.
Plant Cell Environ. 26:1,199–1,204.

Taji, T., C. Ohsumi, S. Iuchi, M. Seki, M. Kasuga, M. Kobayashi, K. Yamaguchi-
Shinozaki, and K. Shinozaki. 2002. Important roles of drought- and cold-
inducible genes for galactinol synthase in stress tolerance in Arabidopsis
thaliana. Plant J . 29:417–426.

Taylor, O. 1999. ESPS method moves north. Soybean Dig. 59:26–28.
TeKrony, D. M., L. J. Grabau, M. DeLacy, and M. Kane. 1996. Early planting of

early-maturing soybean: Effects on seed germination and Phomopsis infection.
Agron. J. 88:428–433.

Welbaum, G. E. 2006. Natural defense mechanisms in seeds. In Handbook of seed sci-
ence and technology, edited by A. S. Basra, 451–473. New York: Food Product
Press.

Wilcox, J. R., and R. M. Shibles. 2001. Interrelationships among seed quality
attributes in soybean. Crop Sci. 41:11–14.

Wilson, R. F. 2004. Seed composition. In Soybeans: Improvement, production, and
uses, 3rd ed., edited by H. Boerma and J. E. Specht, 621–668. Madison, WI:
American Society of Agronomy, Crop Science Society of America, and Soil
Science Society of America,

Wilson, R.F., W. P. Novitzky, and G. P. Fenner. 1995. Effect of fungal damage on
seed composition and quality of soybeans. JOACS, 72:1,425–1,429.

Wrather, J. A., S. R. Kendig, W. J. Wiebold, and R. D. Riggs. 1996. Cultivar and
planting date effects on soybean stand, yield, and Phomopsis sp. seed infection.
Plant Dis. 80:622–624.

Wrather, J. A., D. A. Sleper, W. E. Stevens, J. G. Shannon, and R. F. Wilson. 2003.
Planting date and cultivar effects on soybean yield, seed quality, and Phomopsis
sp. seed infection. Plant Dis. 87:529–532.

Zobiole L. H. S., R. S. Oliveira Jr., J. V. Visentainer, R. J. Kremer, N. Bellaloui, and
T. Yamada. 2010. Glyphosate affects seed composition in glyphosate-resistant
soybean. J. Agric. Food Chem. 58:4,517–4,522.

 




