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Effects of Intermembranous Maize Soybean Intercropping on Photosynthetic

Characteristics,Yield, and Water Use Efficiency of Maize in Loess Plateau Region

HU Jingyi, WANG Jiaxin, WEI Qian, JI Xiaoling,ZHANG Xiong,
WANG Tao, WU Huiping,ZHANG Panpan
(College of Life Sciences, Yulin University, Yulin 719000, China)

Abstract: In order to screen for the optimal intercropping mode of maize soybean intercropping in the Loess Plateau area,
in this study, an accurate and precise seeding technique with 3-5 cm film side was adopted. The experiment was conducted at the
Agricultural Technology Extension Center Experimental Station in Shenmu city, Shaanxi province from 2022 to 2023, with six
treatments including maize monoculture(CJCJ), soybean monoculture(SJSJ), maize soybean intercropping 2C2S(row ratio of
maize and soybean was 2:2), 2C4S(2:4), 4C2S(4: 2), and 4C4S(4:4), to study the effects of intermembranous maize soybean
intercropping on the photosynthetic characteristics, yield, and water use efficiency of maize. The results showed that in 2022 and
2023, the net photosynthetic rate, stomatal conductance, and transpiration rate of the intercropping treatments at heading stage
of maize were higher than those of CJCJ treatment, and there were significant differences in stomatal conductance among the
treatments. From the perspective of the aboveground dry matter mass during the maturity period of maize in 2 years, the value of
the 2C4S treatment increased by 3.27%-81.42% compared to each treatment, indicating that the treatment was beneficial for the
accumulation of aboveground dry matter in intercropped maize. The maize yield of each treatment in the maize soybean
intercropping mode was the highest in the 2C4S treatment, with population yield reaching 8 157.04 kg/ha and 13 506.62 kg/ha in
2 years, respectively, increased by 37.08% and 20.88% compared to the CJCJ treatment. The water use efficiency of 2C4S and
4C2S treatments was 3.04%-12.19% higher than that of CJCJ treatment in 2 years. In summary, the composite planting mode
of maize soybean intercropping with a band pattern of 2: 4 row ratio in each intercropping treatment was the optimal ratio, it

increased the total yield of maize in the planting system and was suitable for promotion and application in northern Shaanxi.
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Fig.1 Average temperature and precipitation during the two—year crop growth period in the experimental site
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Fig.2 Planting map of different maize soybean intercropping modes
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Tab.1 Analysis of photosynthetic parameters of maize leaves under different intercropping modes

Gy ket b5 P/ Gs/ ci/ Tr/ VS A
Year  Growthstage  Treatment  (pmol/(m®:s)) (pmol/(m*+s)) (pmol/(m?*+s)) (mmol/(m*+s)) ’ tive lcor}item ‘
2022 1510 cJcy 40.2540.16¢ 0.297-0.002b 120.12-£0.75¢ 6.3940.06b 61.4842.08a
Jointing stage 2C2S 49.45+0.09a 0.46+0.01a 162.88+4.32a 7.73+0.10a 72.40+1.02a
2048 36.794-0.61d 0.300.01b 148.1240.45b 6.8440.11b 55.02411.54a
4028 43.994-0.73b 0.4540.04a 170.36410.24a 7.71+0.36a 53.524:7.12a
4C48 38.5340.17d 0.33--0.004b 146.56+1.73b 6.33+0.07b 50.98+12.87a
T 70 cJcs 34.3940.02¢ 0.2440.00¢ 109.8740.18d 6.60-£0.001d 62.634-1.86b
Extraction stage  5¢9g 42.26-£0.84b 0.3340.02b 126.07410.33¢ 7.6340.32¢ 69.45+2.33a
2048 43.264-0.08b 0.47-40.001a 212.4940.44a 8.86+0.01b 64.56+2.64ab
4028 44.5840.03a 0.460.00a 201.804-0.02a 10.7440.001a 66.11+1.53ab
4048 42.454-0.06b 0.35240.00b 149.0841.29b 9.414£0.07b 68.5140.83ab
2023 1510 cJcs 19.2340.79b 0.11--0.007b 235.2040.76¢ 3.070.09¢ 65.64-+3.13a
Jointing stage 2C2S 22.1540.73a 0.14-+0.007a 240.26+1.39bc 3.86+0.13a 68.9541.59a
2048 22.2740.43a 0.1440.003a 240.5243.25bc 3.62£0.03ab 67.4341.53a
4028 21.76+0.10a 0.1420.001a 242.92+0.60b 3.45+0.02b 70.6041.75a
4C48 21.6440.77a 0.140.009a 250.1643.09a 3.75+0.15ab 63.69-+3.39%
HREIH cicy 29.814+1.51b 0.14-+0.01d 235.19+0.76¢ 3.074:0.09¢ 83.8140.50a
Extraction stage  5¢2g 34.554-0.04a 0.234-0.00a 240.2641.39bc 3.86-0.13a 81.8341.52a
2048 31.5040.12ab 0.16--0.001c¢ 240.5243.25bc 3.62£0.03ab 83.2940.87a
4C28 31.3541.84ab 0.18220.006b 242.9240.60b 3.4540.02b 82.0241.32a
4048 29.9240.02b 0.21220.002a 250.1643.09a 3.7540.15ab 82.934-0.55a

TE = 3% PR S P B0 e ¢ 5 [ 90 B 5 AN ) /N 5 B 3 7 A B ) 22 57 35 0.05 B8 25 7K F- o

Note: The data in the table were mean =+ standard error, the different lowercase letters following the values in the same column meant sig-

nificant difference at 0.05 level.
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Fig.3 Analysis of maize plant height and stem diameter under different intercropping modes
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Fig.4 Analysis of aboveground dry matter mass of maize under different intercropping modes

24 BEREZFHETABEBEERXXNEXRFTERTE
MR EZERNE N
2 2 A1, 2022 AF [ MR AR 20 5K Y AR 5%

R K 2028 . 4C4S  2C4S AbF A CICT b #4331 55

R 45.49% . 45.06% . 29.79% (P<C0.05) ; 2023

A OK R B R BN R B 4C28>2C4S>
.5.



W PG 4l Bl 2 2024 4R 55 52 445 5 1

2C2S>CICI>4C2S;2C4S (ACAS A3 1 F kLT &

W B EE T CICTAAF(P<<0.05) .,

®2 AEBEEEXTERFEREHBEERDH

Tab.2 Analysis of maize yield and its constituent factors under different intercropping modes

EOY

Year

b B

Treatment

Number of grains
per spike

FORL T /g
100 grain weight

FFRL KA/ 2

Grain moisture con-

tent

EoK 74t/ (kg/hm?)
Maize yield

B 4/ (kg/hm?)
Population yield

2022

2023

AFSSEPR Variation source

T Year
AbFR Treatment

ARy XA Year X Treatment

2C28
2C4S
4C2S
4C4S
CICJ
SJSI
2C28
2C4S
4C28
4C4S
CICJ
SJSI

667.33:£4.67a
595.333.33b
480.67439.54¢
665.33=13.13a
458.67417.29¢

679.00- 23ab
690.25£33.93ab
762.00-£38.94a
641.00=30.77b
652.00-£46.07ab

EES
£33

kok

23.18£1.37ab
22.05£0.26b
22.25+0.17ab
22.81+1.42ab
25.24+0.40a

35.88£0.17ab
36.96£0.44a
33.96£0.44b
36.63x1.27a
35.75:£0.39ab

ok
ok

Kok

7.867+0.35a

8.3310.167a

7.931+0.62a
7.80%0.10a
7.77£0.12a

12.8740.33a
13.1720.75a
13.8040.97a
13.5020.20a
14.6340.20a

ok

ns

ns

7 594.26+150.35a
7901.034238.17a
7543.094276.14a
5917.234290.62b
6791.274166.47ab

9079.29+264.83c

11 529.06+£107.49a
11 239.39+142.38a
10 043.22+211.09b
11 172.67£59.39a

EES
£33

*ok

8098.30469.44a
8157.04+81.113a
8070.27+£276.14a
5950.55437.89b
6791.274166.47ab
1653.87£32.63a
10 430.69+264.83¢
13 506.62+107.49a
12 161.65+142.38b
10 958.71£211.09¢
11 172.67+59.39a
2234.83+124.51a

EES
Hox

*k

T e P RO S B A BRI TR 5RO R AN [N G R Ak JRL ) 22 5336 0.05 B 3E Ko+ AF 0.05 KT 28 5% .3 5+ 18 0.01 K

TR 258 E ns. A,

Note: The data in the table were mean—standard error, the different lowercase letters following the values in the same column meant signifi-
cant difference at 0.05 level. *. Significant difference at the 0.05 level; **. Extremely significant difference at the 0.01 level; ns. No significant dif-

ference.
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Tab.3 Analysis of water use efficiency in different maize soybean intercropping modes
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oM RRCRA

Wi, AT 53 W 7 i D3R

T |- 19 A K /O e 0 4 W
‘ before sowing after harvest pitation ET WUE

2022 CICJ 28.67 26.73+3.80ab 414.5 371.31£9.84b 18.3040.40a
2C28 28.67 22.14+0.98b 414.5 385.98+2.32ab 19.6740.40a

2C48 28.67 9.85+£0.09¢ 414.5 419.00+£1.43a 18.8541.97a

4C28 28.67 22.2842.36b 414.5 369.19+13.40b 20.53+1.41a

4C4S 28.67 32.65+£0.12a 414.5 323.93+23.83¢ 18.4141.26a
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4C28 28.88 15.314+0.13a 415.7 420.06+£12.17a 26.80£0.87a

4C48 28.88 11.97£0.29¢ 415.7 426.45+9.39a 23.58£0.80b
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