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Growth and photosynthetic responses of soybean seedlings
to maize shading in relay intercropping system in Southwest China
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Abstract

Intercropping, a traditional and worldwide cropping practice, has been considered as a paradigm of sustainable agriculture
based on complementary mechanisms among different crop species. Soybean (Glycine max) is widely relay intercropped
about 60 days before maize (Zea mays) harvest in Southwest China. However, shade caused by tall maize plants may be
a limiting factor for soybean growth at a seedling stage. In field research, we studied the ecophysiological responses of
two widely cultivated soybean varieties [Gongqiudou494-1 (GQD) and Gongxuan 1 (GX)] to maize shading in a relay
intercropping system (RI) compared with monocropped soybean plants (M). Our results showed that soybean seedlings
intercropped with maize exhibited significantly downregulated net photosynthetic rate (Pn) (—38.3%), transpiration rate
(—42.7%), and stomatal conductance (—55.4%) due to low available light. The insignificant changes in intercellular CO,
concentration and the maximum efficiency of PSII photochemistry suggested that the maize shading-induced depressions
in Py were probably caused by the deficiency of energy for carbon assimilation. The significantly increased total
chlorophyll (Chl) content (+27.4%) and Chl b content (+52.2%), with lowered Chl a/b ratios (-20.5%) indicated soybean
plants adjusted their light-harvesting efficiency under maize shading condition. Biomass and leaf area index (LAI) of
seedlings under RI decreased significantly (—78.7 and —71%, respectively) in comparison with M. Correlation analysis
indicated the relative reduction in biomass accumulation was caused by the decline in LAI rather than Py, it affected
negatively the final yields of soybean (32.8%). Cultivar-specific responses to maize shading were observed in respects of
LAI, biomass, and grain yield. It indicated that GX might be a better cultivar for relay intercropping with maize in
Southwest China.

Additional key words: carbon accumulation; chlorophyll a fluorescence; photosynthetic pigment; planting pattern; productivity.

Introduction

With the fast increase of population and global environ-
mental changes, it is a big challenge to ensure food security
with shrinking cropland and limited resources in an
environment-friendly way (Godfray et al. 2010, Fan ef al.
2012). Intercropping, a land-use strategy of cultivating two
or more crop species in a piece of land, is a traditional
cropping practice to make a higher crop harvest, which is
of highly economic, ecological, and environmental
significance (Altieri 1999, Swinton et al. 2007, Pypers et
al. 2011). This cropping strategy is still commonly

Received 5 May 2013, accepted 15 October 2013.

practiced in the world, especially in developing countries,
such as China, India, Southeast Asia, Latin America, and
Africa (Li et al. 2007). In China, more than 28 million ha
of annually sown area are under intercropping (Li et al.
2007). Cereal-legume intercropping, such as maize-
soybean relay intercropping, is considered as a paradigm
of sustainable agriculture based on the complementary
mechanisms between the two species (Rusinamhodzi ez al.
2012). It has been well known that intercropping systems
as a whole can improve the resource-use efficiency,
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Abbreviations: Car — carotenoids; Chl a/b — chlorophyll a/b ratio; Chl b — chlorophyll b; Chl (a+b) — total chlorophyll; Ci — intercellular
COz concentration; E — transpiration rate; Fv/Fm — maximum photochemical efficiency of PSII; gs — stomatal conductance; GX — soybean
variety ‘Gongxuan 1’; GQD — soybean variety ‘Gongqiudou494-1’; LAI — leaf area index; M — monoculture; Px — net photosynthetic
rate; RI — relay intercropping.
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such as nutrients (Li ef al. 2001, 2007) and light (Gao et
al. 2010). However, negative effects can influence
individual crop species. To our knowledge, such infor-
mation is very limited.

In the maize-soybean relay intercropping system,
soybean is sown into the interstrips between rows of maize
plants about two months before maize maturity. Maize
canopy can absorb more than 50% of the received PAR
(Liu and Song 2012). Consequently, tall, heliophilous
maize plants cause considerable changes in micro-
environment including light, temperature, and moisture for
soybean seedlings (Gao et al. 2010), which may affect
significantly soybean growth and final yields (Yan et al.
2010). Shade caused by maize canopy may be the utter-
most, microenvironmental factor for soybean seedlings. A
response or adaptation to shade are important index for
selecting soybean cultivars that can be suitable for maize-
soybean relay intercropping system (Yan et al 2010).
Former studies have reported that soybean plants might
develop thicker leaves, when intercropped with trees

Materials and methods

Site description: The experiment was conducted at the
Teaching and Experimental Farm of Sichuan Agricultural
University (29°58'54"-29°59'11"N, 102°5827"-102°59'
04"E; 576 m a.s.l), Ya’an, Sichuan Province, China.
According to meteorological data provided by Ya’an
Meteorological Station, the 30-year (1971-2000) mean
annual temperature was 16.2°C, with the mean minimum
and maximum temperatures being 6.1°C (January) to
25.4°C (July). The frostless period lasts approximately
300 d, the mean annual precipitation varies from 1,250 to
1,750 mm and solar radiation is averaged at 3,750 MJ
m 2 y!'. The soil is composed of purple clay loam
(pH = 7.5), with total N of 1.33 g kg™!, P,Oso0f 0.51 g kg™!,
total K of 26.16 g kg™!, and organic matter of 24.4 g kg™!.

Experimental design: A randomized complete block
design was used to set up the field experiment with three
replicates in 12 plots (6 m x 6 m each). Seeds of the two
widely cultivated soybean varieties (GX and GQD) were
sown on June 30, 2008 with a density of 1.05 x 10° plant
ha~!. For the RI treatment, seeds of soybean were sown into
the alternating strips with maize plants that were formerly
sown on 8 April with a density of 5.25 x 10* plant ha™!. The
width for both soybean and maize rows was 0.4 m, and the
strip between maize and soybean rows was 0.6 m. Without
maize, soybean was planted in the same pattern as RI.
Maize was harvested on 29 August and soybean on 25
October, thus duration of intercropping with maize was
about 60 d for soybean. All the seeds of soybean were
obtained from Zigong Institute of Agricultural Sciences
(Zigong, Sichuan Province, China); maize seeds were
obtained from Research Institute, Sichuan Agriculture
University (Chengdu, Sichuan province, China). Irrigation,

(Reynolds et al. 2007), and exhibited slender shape with
taller stems, longer internodes, and fewer branches in
wheat-soybean intercropping system (Wallace ez al. 1996)
and corn-soybean-oak system (Jurik and Van 2004).
Nevertheless, information is limited about the
ecophysiological response of the intercropped soybean to
shading from maize in the relay intercropping system
(Callan and Kennedy 1995, Makoi et al. 2010).

Maize-soybean relay intercropping pattern is widely
applied in southwestern China (Yan et al. 2010). In such
intercropping system, soybean usually grows in the
interval strips of maize plants at seedling stage (about
60 d), therefore, shade of maize impacts the growth of
soybean seedlings. In this study, we selected two soybean
varieties widely cultivated in southwestern China to study
their responses at seedling stage to maize shading in relay
intercropping system in terms of morphological plasticity
and photosynthetic parameters. We also analyzed the
impacts of relative changes in these parameters at seedling
stage on its final grain yields.

weeding, fertilization, and other field agricultural
management were carried out equally for all treatments.

Microenvironment for soybean seedlings: On clear days
of 34, 40, and 46 d after soybean emergence (DAE), both
diurnal temperature and humidity at 10 cm above the
canopy of soybean seedling were recorded hourly using
temperature and humidity sensor attached to a HOBO HS8
data-logger (Onset Computer Corp., Bourne, USA),
simultaneously PAR was measured using a quantum
sensor LI-190 (LI-COR Inc., Lincoln, NE, USA) in each
plot from 06:00 to 18:00 h.

Gas exchange of the latest, fully expanded leaves was
examined using an infrared gas analysis instrument
(LI-6400, Li-COR Inc., Lincoln, NE, USA) from 10:00 to
14:00 h on 34, 40, and 46 DAE, respectively. P, tran-
spiration rate (E), stomatal conductance (gs), and C; were
automatically recorded. At least four seedlings of each
soybean variety were measured under each treatment.

Chl a fluorescence was determined with a pulse-amplitude
modulation fluorescence analyzer (Mini-PAM, Heinz Walz,
Effeltrich, Germany) on 34, 40, and 46 DAE. After 30-min
dark adaptation, the minimum fluorescence (Fo) was first
determined with modulated light (< 1 umol m2 s7'), and
then the maximum fluorescence (Fr) was determined with
a 0.8-s saturating pulse at 8,000 umol m2 s!. The variable
fluorescence (Fy) was calculated as F, = F,, — F,. The
maximum efficiency of PSII photochemistry in the dark-
adapted state (F,/Fm) was calculated as Fv/Fin = (Fn—Fo)/Fi
(Genty et al. 1989, Zhang et al. 2012).
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Leaf sampling and pigment analysis: Ten fully deve-
loped leaves of soybean seedlings in each treatment were
sampled on 34, 40, and 46 DAE. Leaf samples were frozen
in liquid nitrogen immediately after removal of leaf veins,
and all samples were kept in a freezer at —40°C to be
analyzed. Chl and carotenoids (Car) were extracted from
frozen leaf samples (0.2 g) in 20 ml of 95% ethanol in the
dark for 48 h at 4°C. The extract was then measured at a
wavelengths of 663, 645, and 470 nm using a UV-Vis
spectrometer (V-1100D, Shanghai MAPADA Instruments
Co., Ltd., China). Chl and Car concentrations were calcu-
lated using extinction coefficients provided by Arnon
(1949) and Lichtenthale (1987).

Biomass accumulation and LAI: Twelve soybean seed-
lings were obtained with roots (30 cm) from each plot to
determine the changes in accumulation and allocation of
biomass, respectively, on 34, 40, and 46 DAE. After being
well washed, each plant was divided into stems, leaves,
and roots to determine stem dry mass (SDM), leaf dry mass
(LDM), and root dry mass (RDM). Total leaf areas of each
plant were calculated by WINFOLIA Pro[S] 2004a
computer program (Regent Instruments, Canada) using
their pictures scanned by the Epson Perfection 4870
PHOTO scanner. LAI was calculated as total leaf area of

Results

Microenvironment: Among the microenvironment para-
meters for soybean seedlings under RI, the PAR was the
most different from the M; it was reduced by 50.5%
(Fig 14). Although temperature was lower (Fig. 1B8) and
air humidity higher (Fig. 1C) in RI than in M, statistical
analyses did not show any significance between the
treatments.

Gas exchange and Chl a fluorescence: Py of soybean
seedlings growing in RI was considerably lower (38.3%)
than that in M (Fig. 24). The significant reduction was also
observed in g5 (55.4%) and E (42.7%) (Fig. 2B,D).
Insignificant difference was found in C; between plants in
RI and M (Fig. 2C). Statistical analyses showed that the
effect of cropping treatment on P, gs, and £ was signi-
ficant, while the effect of variety, cropping treatment vs.
variety or measuring time was not notable. There was the
insignificant negative effect of maize shading on F./Fp,
(Table 1), and the insignificant difference was observed
between both varieties.

Chl content: Leaf total Chl content [Chl (a+b)] (Fig. 34)
and Chl b (Fig. 3C) were significantly higher, while the
Chl a/b ratio was notably lower (Fig. 3B) in RI than in M,
indicating that maize shading in RI caused significant rise
namely in Chl b. There were not cultivar-specific res-
ponses of Chl (a+b), Chl b, and Chl a/b ratio to cropping
treatments. Car content of soybean seedlings was reduced
in RI compared with that in M, and the notable reduction
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one plant (m? plant') x plant density (plants m?) (Breda
2003). Thereafter, all samples were oven-dried at 80°C to
constant mass before dry mass was recorded with an
electronic balance (BP221S, Sartorius, Gottingen,
Germany). LDM, SDM, and RDM were calculated with
dry mass per plant and plant density. Root/shoot ratio was
calculated as the RDM/(SDM + LDM), and the biomass
was calculated as the sum of SDM, LDM, and RDM.

Final grain yield: When soybean plants reached physio-
logical maturity (25 October), 12 plants of each variety
from each plot were harvested to determine the final grain
yield. A number of pods per plant and the number of seeds
per pod were counted. The 100-seed mass and the final
grain yield were determined.

Statistical analysis: Data were analyzed using the General
Linear Models Procedure of SPSS (version 15, SPSS,
Chicago, IL, USA). Means of each parameter were
compared between treatments using one-way analysis of
variance (ANOVA). Interactions between treatments (RI
and M) and varieties (GX and GQD) were analyzed using
two-way ANOVA. Linear regression was performed using
SigmaPlot 10.0 (Aspire Software Intl., Ashburn, USA).

was found only in GQD (-23.5%) (Fig. 3D). The inter-
active effect between cropping treatment and variety was
statistically significant for Car but not for Chl (a+b), Chl b,
and Chl a/b ratio.

LAI was significantly lower in RI than in M, indicating
that maize shading caused a significant reduction in LAI
under RI (Fig. 4). The average LAI of GQD declined more
(=75%) than in GX (—67%). Statistic analyses showed that
the effect of cropping treatment, variety, and cropping
treatment vs. variety were all significant for LAI (Fig. 4).

Biomass accumulation and partition: The SDM, LDM,
RDM, and biomass of soybean seedlings were signifi-
cantly reduced by maize shading in RI, contrary to the
root/shoot ratio (Fig. 5). The average reductions in SDM,
LDM, RDM, and biomass were significantly higher in
GQD (-74.2,-81.9,-79.5, and —78.7%, respectively) than
in GX (-64.1, =72.6, —69.4, and —68.9%, respectively).
There were significant interactive effects between
intercropping treatment and variety on SDM, LDM, RDM,
and biomass, but insignificant interactive effects on the
root/shoot ratio (Fig. 5E).

Grain yield and yield components: Statistical analysis
showed that there were significant negative effects of maize
shading on the number of pods per plant, the number of
seeds per pod, and the grain yield per plant in RI (Table 2),
while insignificant negative effect was found for 100-seed
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mass. The reductions in the number of pods per plant, the
number of seeds per pod, and the grain yield in GQD
(=7.03, —62.4, and —42.4%, respectively) were signifi-
cantly higher than that in GX (-3.4, -25.3, and —23.2%,
respectively).

Correlations among LAI, P~, biomass, and yield: The

Discussion

Relay intercropping, one of the major, traditional farming
systems in developing countries, performs a variety of
ecological services besides food supply. However, it is of
fundamental importance to understand how is the growth
of the relayed crop species influenced in relay intercrop-
ping system, if such agroecosystem is to be practiced
effectively to achieve sustainable agriculture (Rusinam-
hodzi et al. 2012). In maize-soybean relay intercropping
system, light intensity to soybean canopy might be the
most important environmental factor as nearly half of PAR
was lost due to the interception by tall maize plants (Fig.
14). Low radiation with higher fraction of diffuse lights
(Sinclair et al. 1992, Greenwald et al. 2006) have
significant effects on the morphological and physiological
characteristic of plants (Zhang et al. 2008, Ghanbari et al.
2010). Photosynthetic processes are very sensitive to shade
conditions (Dai et al. 2009, Huang et al. 2011), and plants
change their photosynthetic characteristics to acclimate to
various light environments (Cheng and Fleming 2009,
Huang et al. 2011). In our experiment, maize shading
caused significant reductions in Py of both two soybean
varieties (Fig. 24) with increased C; (Fig. 2C), indicating
that the depressions of Py were caused by limitations of
mesophyll processes rather than stomatal limitation (Fay
and Knapp 1993, Zhao and Oosterhuis 1998, Zhang et al.
2012). These results are consistent with the findings of
other researchers (Crookston et al. 1975, Araujo et al.
2008). However, F,/Fy, was not affected by maize shading
(Table 1), implying that the reduction in Py was not caused
by the reduction of PSII photochemical activity (Baker
2008), but it was probably caused by the energy deficiency
for carbon assimilation in dark reaction of photosynthesis.
We found notable enhancement in total Chl and Chl b
contents (Fig. 3), suggesting that soybean seedlings under
maize shading formed more Chl b to improve light-
harvesting efficiency (Murchie and Horton 1998, Evans
and Poorter 2001, Wittmann ef al. 2001). Nevertheless, a
tremendous reduction in LAI (Fig. 4) and LDM (Fig. 5D)
in RI might indicate that the light-harvesting capability of
soybean seedlings was still lower under RI. However, it
was a result of the decreased number of leaves produced
under maize shade conditions (Kennedy et al. 2007).
GQD showed larger reduction in LAI and LDM than
GX, indicating the cultivar-specific response to shade. As
leaf area and LDM are regarded as key traits to alter light-
harvesting capability (Niinemets 2010), the GX might be

relative loss of biomass in RI was significantly positively
correlated with relative loss in LAI (Fig. 6B), but it did not
correlate with relative loss in Px (Fig. 64). A relative loss
in the grain yield caused by maize shading exhibited in RI
significantly positive relationships with the relative loss in
LAI (2= 0.377) (Fig. 6C) and soybean seedlings biomass
(7> = 0.384) (Fig. 6D).

more tolerant cultivar to maize shading than GQD.

The accumulation of biomass represents the net effect
of carbon assimilation and maintenance, and shade-
induced reductions in biomass generally reflect the
recognized differences in shade tolerance among the
species (Chen 1997). The SDM, RDM, and total biomass
of soybean seedlings were significantly reduced by maize
shading in RI compared with M (Fig. 5), suggesting that
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Fig. 1. Diurnal course of average (4) incident PAR, (B) air
temperature, and (C) air humidity in relay intercropping soybean
system (RI) and monoculture soybean system (M).
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Fig. 2. (4) Net photosynthetic rate (Pn), (B) stomatal conductance
(gs), (C) intercellular CO2 concentration (Ci), and (D) transpiration
rate (£) of Gongxuan 1 (GX) and Gonggiudou494-1 (GQD)
under relay intercropping system (RI) and monoculture system
(M). Error bars show SD, n = 9. Means of each parameter were
analyzed using the Student’s t-test to compare values between
treatments in each variety. Effects by variety, intercropping
treatment (treat), and variety x relay intercropping treatment
interactions (variety X treat) were denoted significant by * at
P<0.05 and ** at P<0.01, or not significant by ns.

336

5
Variety: ns . M-GX
Treat: ** /3 RIGX
4 | Variety x Treat: ns mm M-GQD
§ RI-GQD
=
‘TD)
[=]
E
)
+
S
=
(]
Variety: ns
5 L Treat: **
Variety x Treat: ns
4 -
3 a
= 3 7 [
Q

0
| Variety: ns
B Treat: **
Variety x Treat: ns
08 -

Chl b [mg g’ (FM)]
o
[s>]
T

02

%
%
0.4 é
I
7
%
%
%

Variety: ns
Treat: **
| Variety x Treat: **

0.3

02 ] 0

Car[mg g” (FM)]

01

AN
AN

34 40 46

TIME AFTER EMERGENCE [d]

Fig. 3. (4) Total chlorophyll (Chl) (at+b), (B) Chl a/b, (C)
carotenoid content (Car), and (D) Chl b of Gongxuan 1 (GX) and
Gonggiudou494-1 (GQD) under relay intercropping system (RI)
and monoculture system (M). Error bars show SD, n = 9. Means
of each parameter were analyzed using the Student’s t-test to
compare values between treatments in each variety. The asterisks
* (P<0.05) and ** (P<0.01) denote significant effects by variety,
intercropping treatment (treat), and variety x relay intercropping
treatment interactions (variety x treat); ns — not significant.
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Table 1. The maximum photochemical efficiency of PSII (Fv/Fm) (mean + SD) of Gongxuan 1 (GX) and Gonggiudou494-1 (GQD)
under relay intercropping (RI) and monoculture system (M) on 34 d, 40, and 46 d after soybean emergence. Letters are comparable

within treatments in each species. Values with different letters are significantly different (P<0.05).

Soybean variety =~ Treatment Time after soybean emergence [d]
34 40 46
GX M 0.837+£0.031*  0.831+£0.038*  0.826 +0.030?
RI 0.829+£0.042*  0.820+0.033*  0.816+0.041?
GQD M 0.840 +0.033*  0.835+0.042®  0.831 +£0.036°
RI 0.827 £0.037¢  0.818+0.037*  0.815+0.037°

growth of the relay-sown crop would be negatively
influenced by the tall maize plants.

Results of statistical analysis showed that the biomass
loss positively correlated with the relative loss in LAI (Fig.
6B) but not with that in Py (Fig. 64), which could be easily
understood since the LAI was an important resource of the
biomass. The insignificantly changed root/shoot ratio (Fig.
5E) indicated that maize shading might not result in the
change of biomass partition. The reductions in SDM,
RDM, and total biomass of GX were significantly lower
than those of GQD, implying that GX might be more
tolerant to maize shading than GQD (Wang et al. 1994,
Khan et al. 2000).

Shade can reduce grain yields of the subordinate crop
in the intercropping system or agroforestry intercropping
system (Kuruppuarachchi 1990, Reynolds et al. 2007,
Peng et al. 2009). We found that the final grain yield of
soybean in RI was considerably lower (—32.8%) than in M,
and the reduction exhibited significantly positive
relationships with the relative loss both in LAI and
biomass at the seedling stage (Fig. 6C,D). It indicated that
growth restrictions of the seedlings might have an
important impact on the final yield of soybean under RI.
Yield components showed that the reduction in the final
grain yield caused by maize shading was primarily due to
the significant reductions in the number of seeds per pod
(-43.9%) rather than the number of pods per plant
(-5.2%) at the seedling stage (Table 2). Our results were
consistent with the findings of Yan et a/ (2010). However,
the relatively lower degree of the loss in the final grain
yield (-32.8%) compared with the loss in biomass at
seedling stage (—73.8%) indicated that the plants in RI
might recover or compensate their growth after the maize
harvest (Li ef al. 2001). GX showed the lesser reduction in
the grain yield (-23.2%) than GQD (—42.4%), suggesting
that negative impacts on the seedlings growth caused by
maize shading impacted less the grain yields of the former
cultivar.
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Fig. 4. Leaf area index (LAI) of Gongxuan 1 (GX) and
Gonggiudoud494-1 (GQD) under relay intercropping system (RI)
and monoculture system (M) on 34, 40, and 46 d after soybean
emergence. Error bars show SD, n = 9. Means of each parameter
were analyzed using the Student’s t-test to compare values
between treatments in each variety. * (P<0.05) and ** (P<0.01)
denote significant effects by variety, intercropping treatment
(treat) and variety X relay intercropping treatment interactions
(variety X treat); ns — not significant.

337



B.Y.SU et al.

100 -
Variety: ** . M-GX
Treat: ** — RI-GX
80 - Varietyx Treat: ** mm M-GQD
« RI-GQD
E 60
=2
3 40t
»
20 -
A
0
80 Variety: il
Treat: **
Varietyx Treat: **
G 60
S
=2
s 40
[a}
-
20+
Variety: **
20 I Treat: =
Varietyx Treat: **
' 15
E
=
= 10 |
[a)
x
5 -
Variety: **
| Treat: **
wE‘ 154 Varietyx Treat: **
=
E‘B 100
e
=
(@]
m 50
Variety: ns
0.20 - Treat: ns
'5 Varietyx Treat: ns
9 0.15 7
:
= 0.10 7
g /
Q 7
< é
0.05 %
é
o /

34 40
TIME AFTER EMERGENCE [d]

Fig. 5. (4) Stem dry mass (SDM), (B) leaf dry mass (LDM), (C)
root dry mass (RSD), (D) total biomass, and (£) root/shoot ratio
of Gongxuan 1 (GX) and Gongqiudou494-1 (GQD) under relay
intercropping system (RI) and monoculture system (M). Error
bars show SD, n = 9. Means of each parameter were analyzed
using the Student’s t-test to compare values between treatments
in each variety. * (P<0.05) and ** (P<0.01) denote significant
effects by variety, intercropping treatment (treat), and variety x
relay intercropping treatment interactions (variety X treat) ; ns —

not significant.
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Table 2. Grain yields and yield components of Gongxuan 1 (GX) and Gongqiudoud94-1 (GQD) under relay intercropping (RI) and monoculture system (M). [%] — differences

between RI and M, (RI — M)/M x 100%, * P<0.03, ** P<0.01,

Yield [kg ha™']

M

Number of pods [plant™']

Number of seed [pod ']

M

100-seed mass [g]

M

Soybean variety

[%]

RI

[“o]

Rl

M

(%]

RI

[%a]

R1

-23.19°

1689.6 £ 53.129 42,42

3002.7+56.161 2305.8 +23.611

2935.2 + 30.161

-25.34"
—62.40™"

82.3+£0.593 71.9+0.700

-3.40"
1.54 40,022 ~7.03"" 85.9+0.584 59.1+0.478

-3.01 1.69+0.010 1.63+0.013
1.66 £ 0.010

19.5+0.173 18.9+0.167

17.4 £0.190

GX
GGD

16.70 £ 0.450 -4.34
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Fig. 6. Relationship between the RI-induced relative
reduction in biomass and the Rl-induced relative
reduction in LAI and in P, and relationship between
the Rl-induced relative reduction in the grain yield
and the RI-induced relative reduction in LAI and in
biomass using values measured on the days of 34, 40,
and 46 d after soybean emergence, n = 18. The
RlI-induced relative reduction was calculated as
(RI-M)/M % 100%.

Conclusion: Maize shading negatively affected physio-
logical and ecological characteristics of soybean seedlings
and, consequently, also its final grain yield in a maize-
soybean relay intercropping system in Southwest China.
Thus, the sensitivity of the relay-sown crop to shade
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