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Fig. 1 Schematic diagram of different planting patterns for maize and soybean in Lishu experimental station during

2017—2018 growing season
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Table 2 Fitted parameter values for organ length/width in different row positions for maize and soybean by using observed data

0f 2017 growing season
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Fig. 3 Visual outputs of simulated plot for each planting pat-

tern in 65 days after emergence

o7 B B G R 2R 0 3% BB RE 015 4 4 L BBE
] 7 5 J2 A [A) 4o7 B 09 A 9 Ot #0438, RMSE 7
0.06~0.10Z[H] (&4),

%3 2017—2018 FEE K . KT LAI itk = ol {E F A& HUE B L 8

Table 3 Comparison of simulation and validation of maize and soybean LAI and plant height in relation to planting pattern us-

ing data from the 2017—2018 experiments

LAI 3z
T Jree 2017 2018 2017 2018
ONSE bR ST mihEEa RMSEm SRR RMSEm —HHEH

SM 0.63 0.968 0.64 0.981 0.08 0.998 0.16 0.988
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3:6 MS 0.26 0.960 0.27 0.975 0.13 0.994 0.14 0.991

SS 0.69 0.977 0.61 0.937 0.09 0.984 0.07 0.988
KE 2:2 MS 0.32 0.970 0.48 0.940 0.06 0.996 0.07 0.993

3:6 MS 0.70 0.931 0.57 0.964 0.08 0.991 0.09 0.983
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Fig. 4 Comparison between observed and simulated fraction of light interception for different row positions in 2:2 MS inter-
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MS and 3:6 MS intercropping during the growing season
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Estimating the Differences of Light Capture Between
Rows Based on Functional-Structural Plant Model in
Simultaneous Maize-Soybean Strip Intercropping

LI Shuangwei'*’, ZHU Junqi’, Jochem B. EVERS’, Wopke VAN DER WERF’,
GUO Yan', LI Baoguo', MA Yuntao'"

(1. College of Land Science and Technology, China Agricultural University, Beijing 100193, China; 2. Institute of
Agricultural Equipment, Zhejiang Academy of Agricultural Sciences, Hangzhou 310021, China; 3. Centre for Crop
Systems Analysis, Wageningen University, Wageningen 430-6700 AK, The Netherlands; 4. Marlborough Research
Centre, The New Zealand Institute for Plant and Food Research Limited, Blenheim 7240, New Zealand)

Abstract: Intercropping creates a heterogeneous canopy and triggers plastic responses in plant growth and structural develop-
ment. In order to quantify the effect of planting pattern, strip width and row position on the structural development and light cap-
ture of maize and soybean in simultaneous intercropping, both experimental and modelling approaches were used. Field experi-
ments were conducted in 2017—2018 with two sole crops (maize and soybean) and two intercrops: Two rows of maize alternat-
ing with two rows of soybeans (2:2 MS) and three rows of maize alternating with six rows of soybean (3:6 MS). The morpho-
logical traits of maize and soybean e.g., leaf length and width, internode length and diameter, leaf and petiole declination angle
in different rows and different planting patterns, and photosynthetically active radiation (PAR) above and below the canopy of
2:2 MS were measured throughout the growing season. A functional-structural plant model of maize-soybean intercropping was
developed in the GroIMP platform. The model was parameterized based on the morphological data set of 2017, and was validat-
ed with the leaf area index (LAI), plant height and PAR data set of 2018. The model simulated the morphological development
of individual organs based on growing degree days (thermal time) and calculated the light capture at leaf level. The model well
reproduced the observed dynamics of leaf area index and plant height (RMSE: 0.24—0.70 m*/m’ for LAI and 0.06—0.17 m for
plant height), and the fraction of light capture in the 2:2 MS intercropping (RMSE: 0.06—0.10). Maize internode diameter in in-
tercrops increased, but the internode length did not change. Soybean internodes in intercrops became longer and thinner com-
pared to sole soybean probably caused by the shading imposed by maize, and the 2:2 MS had longer internodes than the 3:6
MS, indicating the effects of strip width. Simulated light capture of maize in 2:2 MS intercropping was 35.6% higher than sole
maize. For maize in 3:6 MS intercropping, the light capture of the border rows and inner row were 27.8% and 20.3% higher
than sole maize, respectively. Compared to sole soybean, the simulated light capture of soybean in border rows was 36.0% low-
er in 2:2 MS intercropping, and was 28.8% lower in 3:6 MS intercropping. For 3:6 MS intercropping, light capture of soybean
in inner rows I and inner rows II were 4.1% and 1.8% lower than sole soybean, respectively. In the future, the model could be
further developed and used to explore and optimize the planting patterns of maize soybean intercropping under different envi-
ronmental conditions using light capture as an indicator.

Key words: maize-soybean intercropping; functional-structural plant model; light capture; three-dimensional structure; pheno-

type plasticity; row difference
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