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Effects of Intercropping Soybean with Hunan Millet on Photosynthetic Charac-
teristics and Production Performance Under Saline and Alkaline Conditions

LIU Pan-ting, ZHANG Chao-hui, ZHANG Bang-yan, WU Jin-min, ZHANG Jia-hao,
LIN Mei-ling, ZHANG Bai-han, WANG Bin’
(College of Agriculture, Ningxia University, Yinchuan, Ningxia 750021, China)

Abstract: This study aimed to explore intercropping of Hunan millet and soybean in saline-alkali soils. By
assessing the photosynthetic characteristics and agronomic performance, the optimal intercropping pattern was
identified, providing new solutions for the development and utilization of saline-alkali land. The study included
six planting patterns: Hunan millet sole crop (HS), soybean sole crop (DS), 2:2 (H,D,), 2:4 (H,D,), 4:2
(H,D,), and 4:4 (H,D,). The photosynthetic characteristics, agronomic performance, and nutritional quality
of Hunan millet were comprehensively evaluated to determine the best intercropping configuration. The results
showed that intercropping significantly promoted the growth of both Hunan millet and soybean. Among the
intercropping patterns, the land equivalent ratios (LER) of H,D,, H,D,, and H,D,were greater than 1, with
H,D, showing the highest LER of 1. 18. Under the H,D, treatment, the net photosynthetic rate (Pn) of Hunan

millet was 45. 6 pumol-m™*+s™', stomatal conductance (Gs) was 0.0518 mol-m™*+s~', and transpiration rate
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(Tr) was 3. 36 mmol-m *+s ', all of which were superior to those of the sole crop. Additionally, Hunan millet
under the H,D, treatment showed optimal nutritional quality, crude protein content reaching 10. 03% , and other
indicators such as crude ash, crude fat, acid detergent fiber, neutral detergent fiber, and relative feed value all
performed well. Principal component analysis further confirmed that the H,D, pattern performed the best over-
all. This intercropping configuration promoted an ideal light environment within the plant canopy, leading to
enhanced both yield and quality of Hunan millet and soybean.

Key words: Hunan millet; Intercropping ; Production performance ; Nutritional quality
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Note: Different lowercase letters in the figure indicate significant differences at the 0. 05 level between different treatments (P<<0. 05). The same as below
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Table 1 Effects of intercropping on photosynthetic characteristics of Hunan Millet

R P Treatment G4 H R P/ (umol-m ™ s~ ) Jifa] CO M Ci/ (umol-mol ") ALFJE Gs/ (mol-m s ") ZEMEH R Tr/ (mmol-m s 1)

HS 35.51+1.10° 174.62+2.83"
H,D, 41.09+2.16™ 193.00426.09°
H,D, 45.60+2.56 190.184 24,24
H,D, 41.3440.83" 233.44440.51"
H,D, 39.5641.42" 226.45412.19°

0.0364" 2.4540.19"
0.0340" 2.284-0.19"
0.0518" 3.3640.14"
0.0421" 2.6940.07"
0.0428" 2.840.36"

o BPARR/NG PR R R R A B 0. 05 7K F 22 5% i 3% (P<<0. 05)

Note: Different lowercase letters in the table indicate significant differences at the 0. 05 level (P<20. 05)

F2 EENKEXAGHLENEN

Table 2 Effects of intercropping on photosynthetic characteristics of Soybean

JEF Treatment HHEE A Pn/ (umol-m ™ %+s™ 1) JIE] CO, ¥ Ci/ (umol-mol ) AT Gs/ (mol-m ™ ?+s ') ZEMEH & Tr/ (mmol-m ™ *-s ')

DS 21.9940.88" 235.31+16.29"
H,D, 18.5340.65" 204.09+22.00"
H,D, 23.74+2.08" 214.6974-32.43"
H,D, 19.3141.09% 210.8545.43"
H,D, 16.96741.93° 170.92+5.53"

0.0353" 2.3940.11%
0.0316" 2.114+0.11°
0.0471* 3.02-£0.30°
0.0315 2.03+0.27"
0.0359" 2.4640.13"

RPN E/NG G B R AR [ AL BAE 0. 05 7K 7 28 5% 1 % (P<<0. 05)
Note: Different lowercase letters in the table indicate significant differences at the 0. 05 level (P<C0.05)
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Fig. 3 Changes in yield, land equivalent ratio, and nutritional quality of Hunan Millet and soybean under different intercrops
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Fig.4 Correlation analysis of Hunan Millet indicators
PR S oo U R B M 0,001 U B HE N 0.01 (0K
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Note: *** in the graph represents significance of 0. 001, ** represents
significance of 0. 01, * represents significance of 0. 05, and the values

represent the correlation between the two indicators
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Table 3 Load matrix corresponding to principal components

5iH o FRsr 1 o F R I o F s
lem Principal component [ Principal component Il Principal component [II

i faf Load i fif Load i ff Load

+H =4t Hay yield —0.074 0.328 0.201

¥k Plant height 0.116 —0.151 —0.175

ZEML Stem diamete 0.124 —0.100 0.090
64 % Net photosynthetic rate 0.124 0.023 —0.014
KALFE Stomatal conductance 0.100 0.132 0.380

M lE] CO, ¥ Intercellular CO, concentration 0.043 —0.359 0.257
FE % 3 2 Transpiration rate 0.096 0.184 0.354
HLJK 53 Crude ash 0.118 —0.096 0.145

# & 11 Crude protein 0.115 —0.069 —0.078
bRV IR T 4E Neutral detergent fiber 0.102 0.175 —0.292
R PR 4T 4 Acidic detergent fiber 0.106 0.233 0.029
AEXF IR AN {E Relative feeding value 0.096 0.132 —0.400
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Table 4 Eigenvectors and principal components of each factor and their cumulative contribution rates
5 H Ttem = 4y Principal component
1 Il 1l

T 7= f Hay yield —0.207 0.496 0.242

¥R Plant height 0.324 —0.228 —0.210

ZEH# Stem diameter 0.345 —0.151 0.109

64 % Net photosynthetic rate 0.346 0.035 —0.020

AL ¥ Stomatal conductance 0.277 0.200 0.458

M 6] CO, #e F Intercellular CO, concentration 0.120 —0.544 0.310

Z&J#% 2R Transpiration rate 0.267 0.278 0.427

# K 53 Crude ash 0.330 —0.145 0.175

HLE M Crude protein 0.320 —0.104 —0.090

PR VE AT 4E Neutral detergent fiber 0.283 0.265 —0.350

R PEVE TR 2T 4k Acidic detergent fiber 0.296 0.352 0.036

AR WA {E Relative feeding value 0.268 0.200 —0.480

FFAE{H Eigenvalue 7.750 2.288 1.452

Jr 22 5iHk{A Variance contribution rate/ % 64.583 19.070 12.102

Z3+ ik Cumulative contribution rate/ % 64.583 83.653 95.755

x5 AAVBEEHERS
Table 5 Comprehensive ranking scores of different treatments
b2 Fudr 1 Bl F s a0 i3s3
Treatment Principal component [ Principal component Principal component [l Comprehensive Ranking

HS —4.28 1.3 —0.39 —3.07 5
H,D, 0.05 —0.58 —1.82 —0.36 4
H,D, 3.52 1.77 0.63 3.23 1
H,D, 0.19 —1.91 1.22 0.11 3
H,D, 0.52 —0.58 0.36 0.32 2
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R T [R] AR X A AR ) 0 S SR o S B Y s
M), K TR AR 45 4 F 5% 28 B A A 0 Y CP % i 2
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