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ABSTRACT

Factors controlling the production and partitioning of seed phenolics within soybean are not understood. Understanding
these factors may justify selection for higher levels of seed phenolics because of their beneficial impact on human
health and soybean defense mechanism against diseases. The objective of this research was to investigate the partition-
ing of seed phenolics (phenol, lignin, and isoflavones) along the main stem of soybean genotypes. A repeated green-
house experiment was conducted on different soybean genotypes of different maturity and different stem architecture
(determinate and indeterminate). Genotypes were DT 97-4290, maturity group (MG) IV; Stressland, MG IV; Hutcheson,
MG V; and Tracy-M, MG VI. Seed were harvested from top and bottom nodes at seed-fill stage (R6) and harvest ma-
turity stage (R8). At R6, seed phenolic compounds (phenol, lignin, and isoflavones daidzein, genistein, and glycitein)
were greater in the bottom seed than the top seed. This trend was observed in DT 97-4290, Tracy-M, and Hutcheson,
but not in Stressland. Also, this trend was more obvious with daidzein and genistein isoflavones than glycitein. The
maximum phenolic compounds were recorded at R8. The higher phenolic compounds concentration in bottom seed than
in top seed was accompanied by higher cell wall boron (B) percentage and lower total B in bottom seed. The current
research demonstrated that phenolic compounds partitioned differently between the top and bottom seed nodes. This
trend cannot be generalized in soybean genotypes unless enough germplasm is tested. The partitioning of higher pheno-
lic compounds concentration along the main stem would allow for single seed selection in the breeding program for
higher levels of phenolic compounds and for accurate measurements of seed phenolics in breeding lines. The associa-
tion of B trend with phenolic compound trend may suggest B involvement in phenolic metabolism, and support the
structural role of B. Breeding for higher levels of phenolics, especially isoflavones, would benefit human health, pro-
vide higher nutritional value of soy meal, and increase plant disease resistance.
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nin, and isoflavones, have been reported to have signifi-
cant role in seed mechanical damage resistance and dis-
ease resistance [8,12]. For example, it was found that the
occurrence and severity of disease depended on envi-
ronmental factors, which indicates difficulties in select-
ing accessions for resistance [8]. It was reported that

1. Introduction

Soybean seed is a source of food for humans and animals.
Soybean seeds contain primary organic and inorganic
metabolites such as protein, oil, carbohydrates, minerals
[1-4] and secondary metabolites such as alkaloids and

phenolics, including lignin and isoflavones [5-7]. Pri-
mary metabolites are essential for growth, development,
and reproduction, but secondary metabolites such as
phenolics are associated with plant defense and survival
mechanisms under biotic and abiotic stress environment
factors such drought, heat, and diseases [8,9]. Phenolics
are natural biochemical compounds synthesized through
the shikimate phenylpropanoids flavonoids pathways,
producing monomeric and polymeric phenols and poly-
phenols [10,11]. Phenolics, including phenolic acid, lig-
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breeding progress is challenged by variable environ-
mental conditions and plant avoidance mechanisms that
confound the expression and detection of physiological
resistance in field environments [8]. Therefore, the iden-
tification of an environmentally stable plant trait associ-
ated with resistance to diseases could be useful, facilitat-
ing rapid screening for resistant germplasm at the phe-
notypic and molecular levels [8]. So far, no lignin-de-
grading enzymes have been reported, which may make
lignin a stable trait for defense mechanism. Working with
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six soybean accessions, it was found that lignin concen-
tration differed among accessions, growth stages, and
plant parts [8]. These researchers found that lignin at the
internode between the fourth and fifth trifoliate leaves at
R3 growth stage correlated best with disease severity in
each year, indicating that resistance is related to lignin
concentration and that soybean lignin concentration can

be used as a biological marker to select for resistance to S.

sclerotiorum.

Lignin concentration in soybean was affected by cul-
tural practices, genetics, maturity, and plant part [8,9]. It
was found that high plant populations increase lignin
concentration in leaves, while wide row spacing in-
creases lignin concentration in stems [13-15]. It was
found that differences in stem lignin among soybean cul-
tivars were due to differences in maturity groups [15,16].
High lignin concentration is thought to be associated
with disease resistance; thus efforts to breed forage crops
for reduced lignin concentration may reduce agronomic
performance by weakening stem strength or resistance to
pests and pathogens [17,18]. It was reported that lignin is
thought to prevent fungal progress by shielding polysac-
charide substrates from fungal enzymes, or altering wall
components to form an incompatible substrate for fungal
enzymes [19], or displaces water, limiting the action of
microbes [20] and pathogen enzymes [8].

Soybean seed isoflavones include three aglycones
(daidzein, genistein and glycitein), their glycosides, and
their corresponding acetyl and malonyl derivatives [21].
Soybean isoflavones have a positive impact on human
health, including prevention of chronic diseases, includ-
ing cancer, heart disease, osteoporosis, and menopausal
symptoms [22], and beneficial effects on diabetes and
renal diseases [23]. Isoflavones were reported to be in-
fluenced by several abiotic and biotic factors such as soil
moisture levels [24], pest pressure [25], temperature [26],
mineral nutrition [27], light quality [28,29], and location
[30,31]. Highest isoflavone concentrations were reported
in seed of plants grown in locations with high latitudes
(cooler temperatures) when compared to locations with
low latitudes (warmer temperatures) [32]. Isoflavones
partitioning was previously reported. It was found that
isoflavones in plants vary among organs tissues [26,33],
and isoflavones were lower in lower and older Aloe her-
eroensis leaves, containing significantly lower concen-
trations of the phenolic compounds than the terminal
younger leaves [34]. In United States, a study was con-
ducted to investigate the effects of pod position on soy-
bean seed isoflavone concentration and found that isof-
lavone concentration was lower in seeds from the top
nodes and higher in seeds from the bottom parts [35]. It
was reported that isoflavone concentrations varied with
growth stages of soybean, and showed that isoflavone
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concentrations were highest in mature bean seed [36].

Under the Early Soybean Production System (ESPS)
conditions in the midsouth US, environmental growth
conditions are favorable for two major diseases, charcoal
rot and Phomopsis. Charcoal rot is associated with
drought and high heat [37], and Phomopsis is associated
with wet/humid and high temperature growing season
[38]. In addition, late harvesting due to early rain in
ESPS results in poor seed quality and seed mechanical
damage. Since phenolics production and composition,
including phenol, lignin, and isoflavones, could be asso-
ciated with disease resistance and mechanical damage
resistance, using phenolics trait for screening for resistant
germplasm development could be useful for soybean
breeders. Therefore, understanding the partitioning and
distribution of phenolics along the main stem of soybean
genotypes at different growing stages is crucial. The ob-
jective of this research was to investigate the partitioning
of phenol, lignin, and isoflavones along the main stem
(top and bottom seed) at seed-fill stage (R6) and at har-
vest maturity stage (RS).

2. Materials and Methods
2.1. Growth Conditions

Two greenhouse experiments were conducted in 2009
during the soybean growing season (March-August) at
Delta States Research Center in Stoneville according to
previous research [39] with modification. Each experi-
ment was conducted in a separate greenhouse bay.
Briefly, four uniform size seedlings at V1 stage were
transplanted into each 9.45 L size pot filled with field
soil (sandy loam, fine-loamy, mixed thermic Molic Hap-
ludalfs) with pH 6.3, 1.1% organic matter, soil tex- tural
fractions of 26% sand, 56% silt, and 18% clay, and an
abundant native population of B. japonicum. Soybean
plants were irrigated as needed, and soil water potential
was kept within field capacity (between —15 to —20 kPa)
[3] every other day by monitoring, using Soil Moisture
Meter (WaterMark Company, Inc., Wisconsin, USA).
The plants were grown under the following conditions:
temperature was about 32°C £+ 8°C during the day and
about 20°C + 5°C at night with a photosynthetic photon
flux density (PPFD) of about 500 - 2100 wmol-m s as
measured by Quantum Meter (Spectrum Technology,
Inc., Illinois, USA). The range of light intensity reflects a
bright and sunny or cloudy day, respectively. The source
of lighting in the greenhouse was a mixture of natural
light, standard incandescent bulb light (60 W), and cool
white fluorescent bulb light (250 W). Soybean genotypes
grown were maturity group (MG) IV DT 97-4290, inde-
terminate; MG IV Stressland, indeterminate; MG V
Hutcheson, determinate; and MG VI Tracy-M, deter-
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minate. Selection of genotypes was based on the maturity
that soybean growers used in the Midsouth US (MG IV
and V), different stem architecture (determinate and in-
determinate), and different stress tolerance level (Stress-
land is adapted to harsh stress environment compared
with others).

Total seed phenols, seed coat lignin, and seed isofla-
vones were measured in top and bottom nodes seed of
the main stem. The total number of nodes would be di-
vided into top and bottom. For example, if there were 14
nodes on the main stem, the top 7 nodes would be con-
sidered top and the bottom 7 nodes would be considered
bottom. If there were 15 nodes, the first top 7 nodes
would be considered top and the bottom 8 nodes would
be considered bottom. Seed from each genotype were
harvested at seed-fill stage (R6) and at harvest maturity
stage (R8) and dried at room temperature. Seed were
harvested, depending on each genotype R6 and R8 ma-
turity times. Seed were considered mature when 95% of
seed pods reached their harvest maturity [40].

2.2. Isoflavones Analysis

Isoflavones were measured in R6 and R8 seeds. Isofla-
vones were measured according to [41,42] using near-
infrared (NIR) reflectance diode array feed analyzer
(Perten, Springfield, IL, USA). Initial calibrations were
developed by Perten company and University of Minne-
sota using Thermo Galactic Grams PLS 1Q. The analysis
was performed on the basis of percent dry matter.

2.3. Lignin in Seed Coat

Concentration of seed coat lignin in R6 and R8 seed were
measured according to [43,44]. Seed from R6 and RS
were immersed in water to soak and seed coat was
removed from the cotyledon. The seed coat was dried in
an oven for 16 h at 105°C and placed in a desiccator at
room temperature. Then, a weight of 250 mg of dry seed
coat was homogenized in 7 mL 50 mM potassium
phosphate buffer with a mortar and pestle. The mixture
was transferred into a centrifuge tube and the homo-
genates were centrifuged at 1400 g for 10 minutes. The
pellet was washed and centrifugated twice with 7 mL
phosphate buffer at pH 7.0; 3X with 7 mL 1% (v/v)
Triton X-100 in pH 7.0 buffer; 2X with 7 mL 1 M NaCl
in pH 7.0 buffer; 2X with 7 mL distilled water; and 2X
with SmL acetone. The pellet was dried in an oven at
60°C for 24 h and cooled in a vacuum desiccator. The
dry matter was placed in a centrifuge tube containing a
reaction mixture of 1.2 mL thioglycolic acid with 6 mL
of 2 M HCI. The mixture was heated on hot plate and
after the mixture cooled at room temperature, the sam-
ples were centrifuged at 1400 g for 5 minutes and the
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supernatant was discarded. The pellet, containing the
complex lignin-thioglycolic acid (LTGA), was washed
3X with 7 mL distilled water and the LTGA extracted by
shaking at 30°C for 18 h in 6 mL of 0.5 M NaOH. After
centrifugation at 1400 g for 5 minutes, the supernatant
was stored. The pellet was washed again with 3 mL of
0.5 M NaOH and mixed with the supernatant obtained
earlier. The combined alkali extracts were acidified with
1.8 mL concentrated HCI. After precipitation obtained at
0°C for 4 h, LTGA was recovered by centrifugating the
mixture at 1400 g for 5 minutes and washing 2X with 7
mL distilled water. The pellet was dried at 60°C and
dissolved in 10 ml 0.5 M NaOH, and the insoluble
material was removed by centrifugation. The absorbance
of the supernatant was measured at 280 nm with a
Beckman Coulter DU 800 spectrophotometer (Fullerton,
California). Lignin concentration was expressed as mg
LTGA/g dry weight.

2.4. Determination of Total Phenolic
Concentration

Total phenolic concentration was measured based on the
method of [45] with modification [46] using a Folin-
Ciocalteu assay and gallic acid standard. Briefly, soybean
seed at R6 and R8 were ground to powder and 0.5 g were
extracted twice with 10 mL acetone/water (50:50, v/v).
Then, 200 pL of seed extract and 1 mL of Folin Cio-
calteu reagent were mixed. Then, 1.0 mL 20% Na,CO;
aqueous solution was added, and the final volume was
made to 5 ml with distilled water. The mixture was
incubated for 90 minutes at room temperature for color
development. The concentration of phenol was measured
by reading the samples absorbance at 765 nm using a
Beckman Coulter DU 800 spectrophotometer (Fullerton,
California). The results were expressed as mg GAE per
100 g of sample (mg GAE/100g).

2.5. Boron Determination

Total boron concentration was measured in seed at R6
and RS according to previous research [47], using the
Azomethine-H method [48], and detailed as previously
described [3]. Cell wall boron concentration was also
measured in R6 and R8 seed according to [49] and
detailed as previously described [3].

2.6. Statistical Analysis

Treatments in each experiment were arranged in a split
plot design with four replications. Genotype was a main
plot, plant growth stage (R6 or R8) was a sub-plot, and
position (top or bottom) was a sub-sub-plot. Analysis of
variance was performed using Proc GLM of SAS [50].
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Means were separated using Fisher’s Least Significant top seed (Table 1). The distribution of glycitein did not

Difference test using 5% as level of significance. Since follow a consistent trend between the top and bottom
the two experiments were significantly different in a  seed in the genotypes. Total B concentration had the op-
preliminary analysis (data not shown), as expected, each posite trend to that of the cell wall B. The trend of phenol,
experiment was analyzed separately. lignin, and total B and cell wall B was similar in all

genotypes except in Stressland. Similar general trend was
also observed in experiment 1 and experiment 2 (Table 1
At R6, the concentration of seed phenol, lignin, cell wall and Table 2). The concentration of genistein in DT
B, and total isoflavones were higher in bottom seed than 97-4290 and Tracy-M was higher than daidzein and gly-

3. Results and Discussion

Table 1. Experiment 1, the effect of node position (top, T, and bottom, B) on the partitioning of total phenol, lignin, total bo-
ron (B), cell wall B, and composition and total isoflavones in seed of soybean genotypes differ in stem architecture and ma-
turities. Seeds were harvested at R6 (seed-fill stage)®.

Isoflavones
(ng/®)
. Total phenol ~ Lignin Soluble B Cell Wall B Cell Wall B S - . Total
Genotype  Position (2/100g) (mg GAE/g) (mg/kg) (mg/kg) %) Daidzein Genistein ~ Glycitein isoflavones
T 452b 3.65b 39a 22b 56b 547b 612b 102 b 1261 b
DT 97-4290
B 5.67 a 4.65a 33b 29a 88 a 598 a 666 a 133 a 1397 a
T 3.56b 3.05b 43 a 23b 53b 476 b 572b 136 a 1184 b
Hutcheson
B 476 a 574 a 38b 32a 84 a 561 a 689 a 131a 1415a
T 5.67b 743 a 35a 21b 60 b 504 b 451b 146 a 1101 b
Stressland
B 7.59a 731a 33a 28 a 85a 602 a 504 a 153 a 1271 a
T 3.76 b 2.54b 39a 23b 59b 531b 618b 157b 1306 b
TracyM
B 4.61a 3.65a 32b 29a 9la 598 a 743 a 198 a 1539 a

“Means within a row in each cultivar followed by the same letter are not significantly different at P < 5%. Four replicates were used. The experiment was con-
ducted under greenhouse conditions in 2009 during the soybean growing season (March-August) at Delta States Research Center in Stoneville, MS. Soybean
plants were irrigated and soil water potential was kept within field capacity (between —15 to —20 kPa). Temperature was about 32°C + 8°C during the day and

about 20°C £ 5°C at night with a photosynthetic photon flux density (PPFD) of about 500 - 2100 pmol-m s .

Table 2. Experiment 2, the effect of node position (top, T, and bottom, B) on the partitioning of total phenols, lignin, soluble
boron (B), cell wall B, and composition and total isoflavones in seed of soybean genotypes differ in stem architecture and
maturities. Seeds were harvested at R6 (seed-fill stage)?.

Isoflavones
(ng/®)
- Total phenols ~ Lignin Soluble B Cell Wall B Cell Wall B S L o Total
Genotype  Position (2/100g) (mg GAE/g) (mg/ke) (mg/ke) %) Daidzein Genistein ~ Glycitein isoflavones
T 6.52b 3.76b 37a 21b 57b 647b 754 b 172b 1573 b
DT 97-4290
B 7.83 a 435a 31b 28 a 90 a 794 a 855a 217 a 1816 a
T 5430 3.78b 39a 23b 59b 746 b 685 b 135a 1566 b
Hutcheson
B 7.56 a 543 a 31b 29a 94 a 832 a 786 a 133 a 1751 a
T 4320 7.65b 3la 20 a 65b 684 b 657 a 126 b 1467 b
Stressland
B 7.57a 8.56a 26 b 22a 85a 798 a 671 a 156 a 1605 a
T 543b 321b 38a 30a 79b 722 b 758 b I11a 1591 b
TracyM
B 6.89a 538a 32b 3la 97 a 844 a 932 a 121 a 1897 a

*Means within a row in each cultivar followed by the same letter are not significantly different at P < 5%. Four replicates were used. The experiment was con-
ducted under greenhouse conditions in 2009 during the soybean growing season (March-August) at Delta States Research Center in Stoneville, MS. Soybean
plants were irrigated and soil water potential was kept within field capacity (between —15 to =20 kPa). Temperature was about 32°C + 8°C during the day and
about 20°C + 5°C at night with a photosynthetic photon flux density (PPFD) of about 500 - 2100 pmol-m s~
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citein, but this trend was not observed in Hutcheson and
Stressland.

At RS, the concentration of phenol, lignin, cell wall B,
and isoflavones were higher in bottom than top seed
(Table 3 and Table 4). Total B concentration had the
opposite trend to that of cell wall B, similar to that at R6.
Isoflavone genistein was higher than daidzein and gly-
citein in DT 97-4290 compared with the other genotypes

(Table 3 and Table 4). Genotype DT 97-4290 and Tra-
cy-M had higher concentration of isoflavones than Hut-
cheson and Stressland. Isoflavone daidzein and geni-
stein were consistently higher in bottom seed than top
seed, but isoflavone glycitein was the lowest compared to
daidzein and genistein concentrations, and its trend be-
tween top and bottom seed was not consistent. Compared
with R6, seed from RS had higher lignin, total B, cell

Table 3. Experiment 1, the effect of node position (top, T, and bottom, B) on the partitioning of total phenols, lignin, soluble
boron (B), cell wall B, and composition and total isoflavones in seed of soybean genotypes differ in stem architecture and
maturities. Seeds were harvested at R8 (harvest maturity)?.

Isoflavones
(ng/g)
... Total phenols  Lignin Soluble B Cell Wall B Cell Wall B L S . Total
Genotype  Position (@/100g) (mg GAE/g) (mg/ke) (mg/ke) %) Daidzein Genistein ~ Glycitein isoflavones
T 3.56b 5.67b 5la 26b 51b 748 b 874 b 134a 1756 b
DT 97-4290
B 532a 7.11a 41b 32a 78 a 873 a 965 a 130 a 1968 a
T 545D 4.78 b 42a 20b 48b 643 b 745 b 103 b 1491 b
Hutcheson
B 62la 572a 34b 28 a 82a 729 a 790 a 150 a 1669 a
T 541b 8.28 a 46 a 26a 57b 578 b 654 b 135a 1367 b
Stressland
B 6.68 a 8.11a 36b 29a 8la 754 a 735a 138a 1627 a
T 4.65b 4.65b 42a 27a 64 b 621 b 794 b 103 b 1718 b
TracyM
B 540a 6.58a 37b 32a 86a 697 a 1002 a 121 a 1820 a

*Means within a row in each cultivar followed by the same letter are not significantly different at P < 5%. Four replicates were used. The experiment was con-
ducted under greenhouse conditions in 2009 during the soybean growing season (March-August) at Delta States Research Center in Stoneville, MS. Soybean
plants were irrigated and soil water potential was kept within field capacity (between —15 to =20 kPa). Temperature was about 32°C + 8°C during the day and
about 20°C + 5°C at night with a photosynthetic photon flux density (PPFD) of about 500 - 2100 pmol-m s~

Table 4. Experiment 2, the effect of node position (top, T, and bottom, B) on the partitioning of total phenols, lignin, soluble
boron (B), cell wall B, and composition and total isoflavones in seed of soybean genotypes differ in stem architecture and
maturities. Seeds were harvested at R8 (harvest maturity)?.

Isoflavones
(ng/g)
... Total phenols  Lignin Soluble B Cell Wall B Cell Wall B S - o Total
Genotype  Position (2/100g) (mg GAE/g) (mg/ke) (mg/kg) %) Daidzein Genistein ~ Glycitein isoflavones
T 7.54b 4.87b S53a 28b 53b 758 b 8741 187 a 1819b
DT 97-4290
B 8.70 a 6.54 a 40b 33a 83 a 873 a 910 a 184 a 1967 a
T 5.46 a 541b 49 a 27 a 55b 798 b 690 b 145b 1633 b
Hutcheson
B 543 a 6.78 a 37b 30a 8la 879 a 808 a 175 a 1862 a
T 743 b 8.46 a 35a 20b 57b 763 b 761 b 177 a 1701 b
Stressland
B 8.65a 8.87a 3la 29a 9% a 877 a 773 a 147b 1797 a
T 543b 3.65b 48 a 29b 60 b 798 b 790 b 179 a 1767 b
TracyM
B 6.54a 4.88a 39b 38a 97 a 899 a 945 a 172 a 2016 a

*Means within a row in each cultivar followed by the same letter are not significantly different at P < 5%. Four replicates were used. The experiment was con-
ducted under greenhouse conditions in 2009 during the soybean growing season (March-August) at Delta States Research Center in Stoneville, MS. Soybean
plants were irrigated and soil water potential was kept within field capacity (between —15 to —20 kPa). Temperature was about 32°C + 8°C during the day and

about 20°C + 5°C at night with a photosynthetic photon flux density (PPFD) of about 500 - 2100 pmol-m s .

Copyright © 2012 SciRes. FNS
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wall B, and total isoflavones concentrations (Tables 1-4).
Genotypes accumulated different concentrations of phe-
nolics, total B, and cell wall B at each stage (Tables 1-4).

The greater phenol, lignin, and cell wall B concentra-
tions in bottom seed than in top seed indicated that these
seed components partitioned differently between top and
bottom pods position on the main stem. The mechanisms
behind this trend are not understood but could be associ-
ated with shade effects and temperature. Bottom pods are
exposed to shade and cooler temperatures compared to
top pods. Previous research on protein, oil, and fatty ac-
ids partitioning in soybean seed between top, middle, and
bottom seed showed that higher protein and oleic acid in
the top seed were accompanied by higher nitrogen, boron,
and nitrate assimilation in the top canopy compared with
the bottom canopy [4,42]. Other researcher studied the
effects of pod position on soybean seed isoflavone con-
centrations and found that isoflavone concentrations
were lower in seed from the top nodes than in seed from
the bottom nodes [38].

The temperature effects on isoflavones were also in-
dicated by previous research in that the highest isofla-
vone concentrations were found in seed of plants grown
in locations with cooler temperatures when compared to
locations with warmer temperatures, and high tempera-
ture during soybean seed-fill resulted in a decrease in
total isoflavone concentrations by 5% - 50% [32]. Since
the trend that lignin and isoflavones were higher in the
bottom seed than in top seed was not followed by Stress-
land genotype, this trend may not be generalized in soy-
bean genotypes unless enough soybean germplasm is
tested. Also, this trend may not be generalized for other
species where isoflavones were found lower in lower
Aloe hereroensis leaves containing lower concentrations
of the phenolic compounds [34].

The increase of lignin, total and cell wall B, and iso-
flavones at R8 than at R6 is supported by previous re-
search in that the maximum total isoflavone concentra-
tion was observed at R8 than earlier stages (R6, full-seed
pod or R7, yellow pod [26,36]. Therefore, isoflavones in
plants may vary among organs tissues [26,33], seed posi-
tion [35], and growth stages [26,36]. In addition to these
previous mentioned factors influencing phenolics, phe-
nolics were found to be influenced by several abiotic and
biotic factors such as soil moisture levels [24], pest pres-
sure [25], temperature [26], mineral nutrition [27], and
location [30,31]. Understanding the partitioning and dis-
tribution of phenolics along the main stem of soybean
genotypes under wider array of environments would al-
low soybean breeders to use single seed selection to cre-
ate germplasm with higher levels of soybean seed pheno-
lics, desirable seed trait for human nutrition and plant
disease resistance.

Copyright © 2012 SciRes.

The opposite trend between total B and cell wall B,
and the higher cell wall B in the bottom seed than the top
seed supports the suggestion that the more available bo-
ron is, the lower cell wall boron percentage would be.
This explanation is supported by previous research [49,
51] in that B has mainly structural role by forming B-
complexes with phenolics and sugars of cis configuration
for membrane integrity [52] and cell wall structural sup-
port [49].

4. Conclusion

The concentrations of phenolic compounds (lignin and
isoflavones) and cell wall boron were higher in bottom
seed than in top seed along the main stem of soybean.
However, this trend cannot be generalized across all soy-
bean genotypes unless enough germplasm is tested. The
maximum concentrations of lignin and isoflavones were
found to be at R8 seed and not R6 seed. The higher cell
wall concentration of total boron supports that B mainly
plays a structural role. Whether boron has a structural
and/or metabolic role, remains to be investigated. Under-
standing the partitioning and distribution of phenolics
along the main stem of soybean genotypes under wider
array of environments would allow soybean breeders to
use single seed selection to create germplasm with higher
levels of soybean seed phenolics, desirable seed trait for
plant disease resistance and human nutrition.
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