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REGULAR PAPER

Effect of shading on accumulation of soybean isoflavonoid under
maize-soybean strip intercropping systems
Caiqiong Yang †a, Baoyu Hu†a, Nasir Iqbal†a, Feng Yang a, Wei-guo Liua,b, Xiao-chun Wanga, Tai-wen Yonga,
Jing Zhanga, Wen-yu Yang a and Jiang Liu†a,b

aKey Laboratory of Crop Ecophysiology and Farming System in Southwest, Ministry of Agriculture, Chengdu, PR China; bInstitute of
Ecological Agriculture, Sichuan Agricultural University, Chengdu, China

ABSTRACT
Maize-soybean strip intercropping system is an important ecological planting system; the wide
development of intercropped soybean has contributed to the soybean industry in China.
Soybean growth and seed production were affected by the shading from maize. Previous studies
confirmed that relay strip intercropping shading facilitates the accumulation of isoflavone gluco-
sides but does not take advantage of the accumulation of isoflavone aglycone. However, the
regulation of isoflavones accumulation under strip intercropping system was unknown; in which
soybean and maize were sown at the same time, and soybean was mainly shaded in the
reproductive stage. In order to reveal the effects of intercropping shading on the isoflavones
accumulation in soybean seed, two independent field experiments were conducted in eastern
China. We compared the isoflavones profiles of soybean seeds, which were grown under various
maize-soybean intercropping systems with different shade levels. The results showed that the
intercropping shading was not benefited to the accumulation of soy-isoflavones, including
aglycones and isoflavones glycosides and various forms of isoflavones were decreased with the
decline of photosynthetic active radiation. Multivariate statistical analysis and significance analy-
sis showed that acylated isoflavones may be more susceptible to intercropping shading.

Abbreviations: HCA: Hierarchical cluster analysis; PAR: photosynthetically active radiation; PCA:
Principal component analysis; LC-MS: Liquid chromatography mass spectrometer.
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1. Introduction

Soybean [Glycine max (L.) Merrill] is one of the most
important crops worldwide, and is a source of starch,
dietary fiber, and protein. Soybeans contain many kinds
of functional components such as isoflavone (Fehr,
2007; Kim, Ro, Kim, Kim, & Chung, 2012).

Isoflavone is a group of antioxidant composition in soy-
bean which participate in a series of important physiologi-
cal process, such as nodule formation (Sugiyama & Yazaki,
2014). Plants have formed a series of complex defense
systems during the evolution process. When plants are
stimulated by the environment, they will trigger defense
signals such as jasmonic acid and salicylic acid, further
induce the expression of defense genes, and form a variety
of secondary metabolites to cope with environmental
stress. Isoflavones are kinds of phytoalexins in soybean,
which have important resistance to Phytophthora sojae
and soybean root rot (Cheng, et al. 2015; Zhang et al.,
2017). Soy-isoflavone biosynthesis is dual regulated by
genes and environment (Chennupati, Seguin, & Liu, 2011;

Li, Yao, Gong, & Li, 2010; Vamerali, Barion, Hewidy, &Mosca,
2012). The aglycone and β-glucoside concentrations of
upstream constituents increased significantly, whereas the
acetylglucosides and malonylglucosides of downstream
constituents decreased with an increase in storage period
(Jiang, et al. 2017). Geographical location is considered to
affect the accumulation of soybean isoflavone (Wu et al.,
2017). In addition, isoflavones in soybean leaves and grain
are positively correlated with temperature and photosyn-
thetic active radiation (PAR), and significant negative corre-
lated with relative humidity (Yan et al., 2015) in relay
intercropping system. Some researchers also found that
light can promote the soybean isoflavones accumulation.
For example, phenylalanine lyase (PAL) quantity expression
is higher under the light condition and its influence degree
relate to soybean varieties (Xie, Zhao, & Shen, 2000). In
addition, cultural practices are also the important factor to
regulate the plant secondary metabolites, particularly, in
strip intercropping systems. Due to the influence of the
environment and light distribution, the maize-soybean cul-
tivation in the southwestern and Huang-Huai-Hai plains in
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China has adopted different intercropping patterns. The
Huang-Huai-Hai Plain is an important part of the eastern
China’s Great Plains, partly in the Bohai-North China Basin.
Located at latitude 32° to 40°N, longitude 114° to 121°E. The
light resources in Huang-Huai-Hai region are more abun-
dant than those in southwest China. Due to the lack of light
resources, the planting pattern of maize and soybean in
Southwest China is dominated by relay intercropping sys-
tem. Because in the relay intercropping system, the sym-
biotic duration of maize and soybean is shorter, soybeans
can obtain sufficient light in the later stages of growth.
There is a clear difference in the symbiosis between the
two cropping patterns. Namely, the maize in maize–soy-
bean relay strip intercropping systems is usually sown
according to the narrow-wide row planting pattern at the
end ofMarch or the beginning of April and harvested at the
end of July or the beginning of August. Soybean is sown in
thewide rows betweenmaize at the beginning of June and
harvested at the end of October. The seedling phase of
soybean and the reproductive phase of maize overlap over
a period of approximately eightweeks between the sowing
of soybean and the harvesting of maize (Moriri, Owoeye, &
Mariga, 2010; Yang et al., 2014). In intercropping system,
maize and soybeans are usually planted simultaneously
and harvested simultaneously. Soybean plant grows
under the shade of maize in intercropping systems, and
themicroenvironment of soybeangrowth varies. Especially,
the change of light environment affects the photosynthetic
efficiency and morphogenesis of the soybean (Moriri et al.,
2010; Yang et al., 2014). However, due to the light reflection
andabsorptionbymaize leaves, the spectral irradiance, red/
far-red (R/FR) ratio and PAR of the soybean canopy were
decreased in maize-soybean intercropping system as com-
pared to sole cropping (Liu et al., 2017; Yang et al., 2014).
That led to increased internode lengths, plant height and
specific leaf area, but reduced branching of soybean plant
under intercropping. These morphological changes
enabled the crop to intercept relatively more light and the
shading also increased the light-use efficiency of soybean.
However, due to smaller leaf size and less branching, these
positive responses were not able to compensate the effect
of reduced leaf area and total light interception, leading to
reduced biomass and grain. The reduction in grain yield
was mainly caused by the reduced number of grains pro-
duced by the intercropped soybean plants, while the grain
size remained unchanged (Fan, 2017; Gong et al., 2015; Liu
et al., 2017).

Appropriate cultivation methods can not only save
land resources and make full use of light resources, but
also change the quality of crops to a certain extent.
Isoflavones are natural phytoestrogens and have many
biological activities such as anti-inflammatory, anti-oxida-
tion and anti-osteoporosis (Huang, Shen, Shen, Chiou, &

Chen, 2017). If we can increase the accumulation of iso-
flavones in soybean grains by changing the cultivation
methods, this has important implications for improving
the functional value of soybeans. And our previous studies
showed that the relay intercropping system can increase
total isoflavone content and glycoside content in grains,
reduce the content of aglycone with bitter astringency,
and improve the flavor quality of soybean seeds. This
indicates that the intercropping system can regulate the
accumulation of isoflavones in soybean seeds. However,
this is only for soybeans under relay strip intercropping
system. In the strip intercropping system, maize-soybeans
have a longer symbiotic period, and soybeans are exposed
to shading for longer periods of time. Under such condi-
tions, the accumulation rules of isoflavones in soybean
seeds are not clear. In our current research, different
experiments were conducted to reveal the isoflavones
accumulation regularity of soybean grain under strip inter-
cropping system, this study also compared the isoflavones
accumulation differences between sole-cropping soy-
beans and intercropping soybeans. Moreover, the effect
of different row spacing (or PAR) on soybean isoflavones
accumulation was also conducted. From these studies, we
want to clarify how isoflavones response to intercropping
shading especially the photosynthetically active radiation.

2. Materials and methods

2.1. Plant materials and experimental design

Field experiments for maize-soybean strip intercropping
system were conducted at Heze, Shandong province,
China (35°26′N, 116°40′E). Two independent experi-
ments were designed by randomized complete block
design with three replications.

Experiment 1. This experiment was conducted with
two treatments, each for the maize-soybean intercrop-
ping and the soybean monoculture. Maize cultivar was
Jundan 20, while the soybean cultivars were Qihuang
35, Jidou 15, Hedou 18 and Zhonghuang 41. The inter-
cropping pattern was used as wide-narrow row plant-
ing, with alternating strips of maize and soybean. The
number of maize vs. soybean row per strip in the strip
intercropping system was 2:2. The distance between
the maize and soybean strips was 60 cm. The row
space of the soybean monoculture was 50 cm (same
as A2 treatment in Figure 1). Maize and soybean were
sown on 15 June 2015.

Experiment 2. Soybean cultivar Qihuang 34 and
maize cultivar Jundan 26 were used in experiment 2.
The ratio of maize to soybean rows was same as experi-
ment 1. Single-factor randomized complete block
design was considered, and each block consisted of
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six plots treatments of cropping system (sole cropping
+ five intercropping patterns). The maize and soybean
planting patterns under strip intercropping system are
shown in Figure 1. Soybean was planted in two wide
rows of maize, with 40 cm row spacing. Both the maize
and soybean were sown on 14 June 2015, and har-
vested on 28 September 2015. The coexistence period
of maize and soybean was 106 days. The PAR transmit-
tance of the soybean canopy was measured three times
in the sunny days on 10–20 August 2015 with LI-191SA
quantum sensors (LI-COR Inc., Lin-coln, NE, USA), and
the average PAR transmittance changed along with the
row spacing gradient (Figure 1).

2.2. Sample and chemicals

Each treatment has three planting areas, all samples in
each planting area were considered as one repeat. As
the pods matured, about 4.5 kg soybean seeds were
harvested from each area and were dried with natural
air. Take 100 g of the seeds from each repeat then
ground and stored it in tightly capped vials at −80°C
until analysis. Triplicate samples of each replicate were
taken separately as technical duplication, and the same
extraction method was adopted to eliminate the error
of the instrument and operation. Twelve isoflavone
standard compounds, including daidzin (DG), glycitin
(GLG), genistin (GEG), malonyldaidzin (MD), malonylgly-
citin (MGL), acetyldaidzin (AD), acetylglycitin (AGL),

malonylgenistin (MG), daidzein (DE), acetylgenistin
(AG), glycitein (GLE) and genistein (GE), were purchased
from Wako Pure Chemical Industries Co., Ltd. (Japan).
HPLC-grade acetonitrile was obtained from Thermo
Fisher Scientific Inc. (Waltham, MA, USA). All aqueous
solutions were prepared using ultrapure water pro-
duced using a Milli-Q system (18.2 MX; Millipore,
Bedford, MA, USA). All other chemicals used in LC-MS
experiments were HPLC-grade.

2.3. Sampling and chromatographic analyses

Extraction and chromatographic analysis procedures
were based on previously published methods, with
certain modifications (Wu et al., 2017). Briefly,
50.00 mg samples were subjected into 2.5 mL MeOH/
H2O (80/20 v/v) solution and ultrasonic extracted (40
kHz) for 3 h with ice-water bath. The tube samples were
centrifuged at 11,000 g for 10 min, and then the super-
natant fluid was filtered through a syringe filter
(0.22 μm).

The isoflavones were quantified by external stan-
dardization using an Agilent 1260-series high-perfor-
mance liquid chromatography (HPLC) system
equipped with a mass spectrometric detector
(Agilent Quadrupole LC/MS 6120). About 0.2 μL of
each sample was applied to a Waters Xselect HSS
T3 (2.1 mm × 100 mm, 2.5 mm) chromatographic
column, and column temperature was 30℃. Mobile
phase was composed of solvent A (acetonitrile) and
solvent B (0.1% acetic acid aqueous solution). Gradient
elution was as follows: 0–16 min starting with 15% A
and ending with 25% A; 16–24 min starting with 25%
A and ending with 40% A; 24–24.1 min starting with
40% A and ending with 15% A; and isocratic condi-
tions (24.1–30 min) with 15% A and 85% B. For mass
spectral conditions ESI, positive ion mode was used.
Nitrogen was used as the collision gas and the deso-
lvation gas flow rate was 10 L min−1. The capillary
voltage; desolvation temperature and desolvation
pressure was 3.8 kV, 350℃, 35 psig, respectively. In
addition, selected ion monitoring (SIM) mode was
used in the mass spectral acquisition. [M + H]+ ions
were observed at m/z 417(DG), 447(GLG), 433(GEG),
503(MD), 533(MGL), 459(AD), 489(AGL), 519(MG), 255
(DE), 475(AG), 285(GLE), and 271(GE).

2.4. Statistical analyses

Quantification data were subjected to SPSS (version
22.0; SPSS, Chicago, IL, USA) and the one-way ANOVA
combined with Bonferroni correction multiple-range
test was performed to analyze variance and significant

Figure 1. Planting patterns and photosynthetic active radiation
(PAR) transmittance. SC: sole cropping; maize–soybean inter-
cropping patterns with different row spacings (A1: 180 + 20 cm
wide-narrow row planting; A2: 160 + 40 cm wide-narrow row
planting; A3: 140 + 60 cm wide-narrow row planting; A4:
120 + 80 cm wide-narrow row planting; A5: 100 + 100 cm
wide-narrow row planting).
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differences among means. Z-Score was conducted
before the data matrix finally subjected to principal
component analysis (PCA) and hierarchical cluster ana-
lysis (HCA). The PCA and HCA were performed by
SIMCA-P + 13.0 (Umetrix, Umeå, Sweden) and
MetaboAnalyst version 3.0 (http://www.metaboanalyst.
ca/), respectively. Then the data of isoflavones in soy-
bean seeds were subjected to regression analyses to
construct mathematical models with GraphPad Prism 7.

3. Results

3.1. Comparative analysis of isoflavone
accumulation in soybean seed in sole and
intercropping systems

This study compared the isoflavones accumulation of
soybean seeds, which grown under sole-cropping and
intercropping system. Liquid chromatography mass
spectrometry (LC-MS) was used to detect isoflavones
in soybean seeds, and the extracted ion chromatogram
of mixed standard and sample is shown in Figure S1. In
this study, the total isoflavones content of the five
soybean cultivars were variously different. As shown in
Figure 2, the highest total isoflavones content was

found in Qihuang 35 (2.87 mg.g−1), followed by
Jidou15 as 2.80 mg.g−1, while the Zhonghuang 41
with the lowest total isoflavones content of 2.20 mg.
g−1. In addition, Qihuang 34 is a special variety, which
has higher malonylglucosides (1.80 mg.g−1) and lower
content of β-glucoside (0.64 mg.g−1) and aglycone
(0.02 mg.g−1). And there were large differences of the
soybean isoflavones content that grow under the two
different planting patterns. Compared with the sole-
cropping soybean, the total isoflavones content of
intercropping soybean decreased with different
degrees (0.85–8.21%) for all cultivars (Figure 2(d)).
Especially to Qihuang 35, Qihuang 34 and Hedou 18,
total isoflavones content of which were significantly
decreased (P < 0.05) in intercropping system. In addi-
tion, β-glucosides and malonylglucosides were also
decreased 2.22–6.37% and 5.33–8.13%, respectively,
for different cultivars (Figure 2(a,b)). Although the con-
tent of β-glycoside of isoflavones was decreased not
significantly, the malonylglucosides of Qihuang 35,
Qihuang 34, Zhonghuang 41 and Hedou 18 was at
the significant level. Distinctively, the aglycone of
Zhonghuang 41 and Hedou 18 were higher in inter-
cropping system (Figure 2(c)), although the content of
Hedou 18 was not significant.

Figure 2. Differences of isoflavone constitutes between sole-cropping and intercropping system. *Represent significant difference
(P < 0.05); **represent extremely significant difference (P < 0.01).
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In order to investigate the effects of variety and inter-
cropping shading on the accumulation of isoflavones in
soybean seeds, two-factor analysis of variance (ANOVA)
was performed on the total isoflavone, β-glucoside and
malonylglucosides in soybean. as shown in the following
Table 2–4, the results show that the variety and shading
treatment have a significant impact on the accumulation of
isoflavones, However, the interaction between the two
factors has no significant effect on the accumulation of
isoflavones.

3.2. Effects of PAR transmittance on decrease level
of soy isoflavones contents

The microenvironment of intercropping soybean is chan-
ged markedly, especially the light environment of soybean
growth. Because of the shading frommaize leaves, the PAR
(51%→30%) of soybean canopy decreased when maize to
soybean row spacing decreased (70 cm→30 cm). In order
to explore the relationship between the isoflavones con-
tents of soybean seeds and the PAR transmittance, further
regression analysis was conducted. Results showed that the
linear regression model to the data fitting degree was
optimal (R2 > 0.78, P < 0.05). As malonylglucosides
(1.80 mg.g−1), GE (0.015 mg.g−1), AD (0.0022 mg.g−1) and
total isoflavones (2.46 mg.g−1) were significantly higher in
sole-cropping soybean than that of heavily shaded soy-
bean. Total isoflavones contents decreased with the PAR
transmittance decreased (i.e. shade deepening), and this
relationship was fit with a good linear equation with high
determination coefficients (R2 = 0.948, p = 0.005) (Figure 3
(a)). Detailed forms of isoflavones, i.e. β-glucoside (Figure 3
(b)), malonylglucoside (Figure 3(c)) and the trace isofla-
vones (AD+GE) in Figure 3(d) have similar trends as total
isoflavones, and the determination coefficients were
R2 = 0.787 (p = 0.040), R2 = 0.960 (p = 0.003), and
R2 = 0.893 (p = 0.015), respectively.

Table 3. Two-way ANOVA of Malonylglucoside.
ANOVA table SS DF MS F (DFn, DFd) P value

Interaction 0.0216 4 0.005 F (4, 20) = 2.218 P = 0.1036
Variety 0.729 4 0.182 F (4, 20) = 74.89 P < 0.0001
Treatment 0.023 1 0.024 F (1, 20) = 9.739 P = 0.0054
Residual 0.048 20 0.002Ta
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Table 2. Two-way ANOVA of β-Glucoside.
ANOVA table SS DF MS F (DFn, DFd) P value

Interaction 0.003 4 0.001 F (4, 20) = 0.374 P = 0.824
Variety 2.213 4 0.553 F (4, 20) = 238.1 P < 0.0001
Treatment 0.016 1 0.016 F (1, 20) = 6.835 P = 0.017
Residual 0.046 20 0.002
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3.3. Isoflavone profiles of soybean seeds grown
under different row spacing of intercropping
system

To investigate the impact of intercropping row spacing on
isoflavones profile of soybean seed, six field treatments,
including sole cropping and five intercropping systems
with different row spacing were imposed. Multivariate
analysis of soybeans grown under different row spacing
was conducted. The data matrix of their contents was
normalized by Z score, and then a supervised multidimen-
sional statistical method (PLS-DA) was further adopted.
Two principal components were extracted using the PLS-
DA model. R2X, R2Y and Q2Y of PLS-DA were 0.746, 0.919
and 0.852, respectively. This suggests that the PLS-DA
model can make a correct interpretation of the variables.
According to the PLS-DA model, two highest ranking com-
ponents of PLS-DA resolved the measured composition
profiles of slight shading treatments (SC, A1, and A2) from
heavy shading treatments (A3, A4, and A5). This variation
was attributed to all the isoflavones compounds, that
means the heavy shading have lower content for all the

eight isoflavones. The variables important in the projection
(VIP) scores were examined to gain more insight into the
isoflavones metabolic differences between the slight shad-
ing and heavy shading treatments. The variables with VIP
values >1 are generally used as a criterion to identify the
variables important to themodel. The variables that played
the greatest roles in distinguishing the different treatments
were MD, MGL, MG, AD and DG (Figure 4(c)). To further
explore the relationship among the six treatments and
levels of the isoflavones, a heatmapwas created to visualize
the isoflavonesmetabolic differences among soybean sam-
ples (Figure 4(d)). The heat map showed a similar classifica-
tion of various treatmentswith PLS-DA. Namely, all samples
were correctly classified in the different treatments based
on their isoflavones content, and samples in six treatments
were separated into two parts. The green marked part was
under slight shading (SS) while the red marked part was
under heavy shading (HS). The most notable difference
observed in these two parts was the SS parts, which
showed higher levels of MD, MGL, MG, AD and GE. PLS-
DA and heat map analysis showed A3may as the demarca-
tion point of these six intercropping treatments.

One-way ANOVA combined with Bonferroni correc-
tion multiple-range test was performed to analyze var-
iance and significant difference. The contents of
different forms of soybean isoflavones are shown in
Table 1. As shown in Table 1, eight typical isoflavones
belonging to four types (β-Glucoside, malonylglucoside,

Table 4. Two-way ANOVA of total isoflavones.
ANOVA table SS DF MS F (DFn, DFd) P value

Interaction 0.022 4 0.005 F (4, 20) = 1.048 P = 0.407
Variety 1.778 4 0.445 F (4, 20) = 85.65 P < 0.0001
Treatment 0.109 1 0.109 F (1, 20) = 21.03 P = 0.0002
Residual 0.104 20 0.0052

Figure 3. Effect of PAR transmittance on different forms of isoflavones in soybeans. a: total isoflavone; b: β-glucosides (DG + GLG +
GEG); c: malonylglucosides (MD+ MGL + MG); d: trace isoflavones (AD+GE); INC: intercropping; SC: sole-cropping.
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acetylglucoside, and aglycone) were detected. Both
under the sole-cropping and intercropping systems,
malonyl glucoside and β-glucoside were the dominant
isoflavones in soybean seed, the concentrations are
inconsistent with those previously detected in common
soybean seeds (Kim et al., 2012). Thereinto, β-glucoside
is composed of DG (0.42~0.47 mg.g−1), GLG
(0.02~0.03 mg.g−1) and GEG (0.09~ 0.17 mg.g−1); mal-
onylglucosides is composed of MD (0.30~0.46 mg.g−1),
MGL (0.04~0.06 mg.g−1) and MG (0.73~1.38 mg.g−1). AD
(0.0014~0.0024 mg.g−1) and GE (0.009~0.015 mg.g−1)
represented acetyl glucosides and aglycones, respec-
tively. The content of all forms of soybean isoflavones
found in sole-cropping and intercropping were differ-
ent. The isoflavones contents in ‘A5’ (most narrow row
planting) were lowest (e.g. Total isoflavone 1.63 mg g−1;
β-glucoside 0.54 mg g−1; malonylglucoside 1.07 mg
g−1) and significantly different from the soy-isoflavones
content of sole-cropping. These observations are gen-
erally consistent with those obtained in experiment 1,
but inconsistent with the research results in relay inter-
cropping (Liu et al., 2016)

4. Discussion

Isoflavone is a groupof antioxidant composition in soybean
which participate in a series of important physiological
process. Here, we designed experiments to explore the

effect of intercropping conditions on soybean isoflavone
metabolism.Weplant soybean under the normal intercrop-
ping system and the distance between the maize and
soybean strips was 60 cm. We found that the total isofla-
vones and malonylglucoside were decreased in intercrop-
ping soybeans compared to sole-cropping soybeans,
particularly, in Qihuang 35, Qihuang 34 and Hedou 18.
Previous studies indicated that dark environmentwas unfa-
vorable to the isoflavone accumulation in soybean seeds
(Phommalth, Jeong, Kim, Dhakal, & Hwang, 2008), sufficient
light condition can trigger the biosynthesis of isoflavones.
This might be related to the activity of PAL enzymes. The
light energy obtained by intercropping soybean in the
symbiotic period of maize-soybean is lower than that of
sole-cropping (Yang et al., 2014), and the accumulation of
organics in the leaves, stems and other organs may be also
less than sole-cropping. Therefore, less isoflavone can be
transferred from other organs to seeds during the develop-
ment period. Additionally, there were response differences
to intercropping among the tested five varieties.
Isoflavones contents of Jidou 15 were not different
between the two planting patterns, while the Qihuang 35
and Hedou 18were decreasedmarkedly. It is indicated that
the sensitivity of different cultivars to intercropping shading
may differ. Although total isoflavones contents in soybean
seed were reduced in the intercropping system, the accu-
mulation regularity of different type of isoflavone compo-
nents was different; such as the significant increase of free

Figure 4. Multivariate analysis to separate the six treatments. (a) Complete overview of PLS-DA score plots. (b) loading plot of the
PLS-DA. (c) VIP score of the isoflavones compounds. (d) Heatmap of soy-isoflavones grown with different row spacing. HS: heavy
shading and SS: slight shading.
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aglycone content in Zhonghuang 41 grown under the
intercropping condition. All above information confirmed
that isoflavones accumulation is not only affected by envir-
onmental factors, but also regulated by genotype-specific
traits. Furthermore, our previous studies indicated that
aglycone in soybean seeds was associated with shade-
resistant (Jiang, et al. 2017). Coincidently, Zhonghuang41
was evaluated as a shade sensitive variety in our previous
studies; the increase of aglycone in intercropping soybean
seed may be related to the specific shade response.

In fact, the photosynthetic radiation of soybean canopy
was significantly affected in the intercropping system. We
designed different maize-soybean row spacing to see
how the PAR transmittance influence the isoflavones
accumulation. And conducted regression analysis to
study the relationship between the isoflavone and PAR
transmittance. The results indicated that the quadratic
model was fit for the experimental data well and the
different type isoflavone presented the same tendency
as the PAR transmittance decreased. Generally, when the
PAR transmittance decreased, the isoflavone contents
decreased. The PCA analysis (Figure 3) also confirmed
the result and the six treatments were clearly divided
into two groups. The first group contained A3, A4 and
A5, whereas SC, A1 and A2 were included in the second
group. Corresponding loading and HCA heatmap showed
that higher content of MG, MGL, MD, DG, GE and AD was
found in SC, A1 and A2 treatment. And the VIP plot
showed that the intercropping environment mainly
affects the accumulation of acylation isoflavones.
Isoflavonoid accumulation in soybean seed is a result of
both synthesis within the seed and transport from mater-
nal tissues (Dastmalchi & Dhaubhadel, 2014). Previous
studies have shown that light stimulates the synthesis of
isoflavones like daidzin, genistin and their malonyl con-
jugates while darkness reduces the accumulation of iso-
flavones in cotyledons (Sun, 1998). And the activity of
phenylalanine ammonia-lyase (PAL) and chalcone
synthase (CHS) required for isoflavones synthesis were
stimulated by sunlight (Saengnil, 2011; Zoratti,
Karppinen, Escobar, Häggman, & Jaakola, 2014). It indi-
cated that the shading of maize leaves under intercrop-
ping conditions led to a decrease in light levels in the
canopy of the soybean, which may inhibit expression of
PAL and CHS to affect the synthesis of isoflavones in
soybean seeds. In addition, some studies have shown
that isoflavones can accumulate at stress sites
(Gutierrezgonzalez et al., 2010; Malik, Pence, Calvert, &
Bauer, 1984), For example, shaded signals increase the
accumulation of soy-isoflavones directly at leaves, and
drought stress increases the accumulation of soy-isofla-
vones directly at roots (Qin et al., 2017). Under intercrop-
ping conditions, the leaves are the direct light sensing

sites. In order to cope with the weak light stress, the
isoflavones synthesized in the soybean may be mainly
accumulated in leaves, thereby reducing the accumula-
tion in soybean seeds (Qin et al., 2017).

Interestingly, the observations described above are
generally inconsistent with those obtained in our pre-
vious studies on the relay intercropping system, espe-
cially for the total isoflavones content (Liu et al., 2016).
That may be related to light condition in these two
different planting patterns. The Symbiotic period of
the two crops under the relay intercropping system
(42 days) is shorter than intercropping (106 days). And
the relay intercropping mainly affected the vegetative
growth stage (VE-R1) of soybean while the intercrop-
ping mainly affected the reproductive growth stage
(R1-R8). Thus, intercropping soybeans were grown in
weak light till harvest but relay intercropping soybeans
undergo a light recovery process (Wu et al., 2016; Yang
et al., 2017). When the maize was harvested, the soy-
bean was suddenly exposed to strong light, the effi-
ciency of photosynthesis can be significantly reduced.
This effect is known as ‘photoinhibition’ and the pri-
mary target for light damage is photosystem II
(Tyystjärvi, 2008). Previous studies have shown that
phenolics, especially flavonoids, which accumulate in
the epidermis can act as a darkening filter and shield
the mesophyll from the excessive radiation (Solecka,
1997; Tattini et al., 2005). In addition, it is widely
accepted that the enrichment of light can directly influ-
ence the basis material of quality formation and distri-
bution of photosynthetic assimilation in the source and
sink (Liu et al., 2006; Su et al., 2014). Previous studies
have shown that after maize harvest in relay intercrop-
ping system, leaf area and leaf mass increased rapidly,
contributing to compensation growth in intercropped
soybean. Meanwhile, physiological and anatomical
traits of leaf went back to similar levels as grown in
sole cropping (Wu et al., 2016). Thus, the grains and
leaves are capable of synthesis of more isoflavones and
that more energy is available to help the accumulation
of isoflavones into the grain. This may explain why relay
intercropping increases the amount of isoflavones in
soybean grains and intercropping decreases
isoflavones.
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