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Effects of different intercropping methods on photosynthetic performance, yield, and soil microecological
characteristics of maize and soybean
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Technology of Grain Crops, Yangzhou University, Yangzhou 225009, China)

Abstract: To study the effects of different intercropping methods on soil microecology, photosynthesis, yield, and the economic benefits of
maize and soybean crops. Soybean (Green Collar No.9) and corn(Dongbang golden small corn) were used as the experimental plants. Four
treatments, each with three replicates, were set up: maize monocropping, soybean monocropping, corn—soybean 2:2 intercropping, and corn—
soybean 2: 4 intercropping. The variations in soil nutrients, chlorophyll content, and land equivalent ratio (LER) of the two crops under
different treatments were investigated using a completely random block design. The findings demonstrated that different intercropping
treatments increased the rhizosphere soil nutrients and soil enzyme content of maize and soybean plants in comparison to monocropping,
with the content of catalase in maize significantly increasing by 36.96% under 2: 2 intercropping and the content of urease in soybean

increasing by 44.24% under 2:2 intercropping. For maize, soil water use efficiency under 2:2 and 2:4 intercropping increased by 21.9 and
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30.6 percent points, respectively. The chlorophyll content of corn and soybean increased at different stages. The yield and financial gains of

the two crop groups were significantly increased; the LER under 2:2 intercropping and 2:4 intercropping were 1.40+0.21 and 1.44+0.14,

respectively. This study has shown that maize—soybean intercropping can activate the soil nutrient pool, improve soil enzyme activity,

increase the chlorophyll content of crops, and improve the photosynthesis capacity of the system, thereby improving the output and

economic benefits of the intercropping system.

Keywords : intercropping; rhizosphere soil; chlorophyll; land equivalent ratio; economic benefit
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Table 1 Physical and chemical properties of the tested soils

e AL i
LR 25 . A . LRy . B .
pH Orsanic matter/(g-ke™) Total nitrogen/(z-ke) Alkaline hydrolyzable Available phosphorus/ Available potassium/
E Bl Eh nitrogen/(mg-kg™") (mg-kg™) (mg-kg™)
7.35 25.49 1.49 94.68 7.85 84.63
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Figure 1 Climate change from June to October 2022
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Table 2 Effects of different treatments on contents of N, P, and K in rhizosphere soils of maize and soybean

AbH ) X A HA S A
Treatment Total N/(g-kg™")  Total P/(g-kg")  Total K/(g-kg")  Available N/(mg-kg') Available P/(mg-kg™") Available K/(mg-kg™")

T1 2.93+0.02b 0.61+0.04a 0.37+0.07a 130.21+3.22b 67.75+1.42a 14.18+1.42¢

T2 3.28+0.07A 0.38+0.02A 0.42+0.13A 36.46+2.32B 43.35+2.72B 14.43+0.88B

T3 +ok 3.08+0.05a 0.61£0.01a 0.28+0.02b 149.85+1.06a 68.28+1.42a 22.17+2.33a
K 2.82+0.11B 0.27+0.15B 0.44+0.23A 55.23+2.02A 57.68+3.72A 21.80+1.47A

T4 EP/N 2.98+0.03b 0.47+0.22b 0.33+0.15a 131.80+4.02b 61.09+4.64b 18.14+1.85h
K 2.91+0.13AB 0.25+0.21B 0.31+0.02B 29.18+1.04C 39.36+2.22C 13.40+1.49B

T T1.T2 . T3 T4 43 B FoR TR BME R AR FOK-KG 2:2[E  FKR-KE 2: 4 [E, [RIZIASIR 1/NE FRE R 1K TE P<0.05 7K V- 22 5

B3 SRR KRS FEERR K EAEP<0.05 K25 R T,

Note: T1,T2,T3, and T4 indicate corn monocropping , soybean monocropping , corn—soybean 2 : 2 intercropping , corn-soybean 2 : 4 intercropping ,

respectively. Different lowercase letters in the same column indicate a significant difference at the level of P<0.05 between maize treatment. Different capital

letters in the same column indicate a significant difference at the level of P<0.05 between soybean treatment. The same below.
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Table 3 Effects of different treatments on enzyme aclivities in

maize and soybean rhizosphere soils

AR FRYEDERRBREE  IRAE HEBE A
Qb F .

Cataslase/  Acid phosphatase/  Urease/ Sucrase/

Treatment i 1 4 1
(mg-g™) (mg-g™) (mg-g™) (mg-g")
T1 4.14+1.13b 5.03+0.76b 7.03+2.03b  3.24+1.66a
T2 5.21+1.36B 4.61£1.21B 7.12£2.21C  2.21+0.42B
T3 £K 5.67+1.42a 5.85+0.42a 7.85+1.42a 2.26+0.65ab
K 6.43+1.05A  5.01+1.69AB  10.27+1.35A 3.12+1.42A
T4 FK 5.63+1.24a 4.27+1.42¢  7.31+1.11ab 1.88+1.13b
K& 535+1.03B 5.23+1.43A 9.33+1.82B 2.63+1.00AB

F4 TELERKSFIRAKE

Table 4 Water use efficiency of different treatments

£ K Maize K H Soybean
Ak FeRE KAFEREE FkE KRR
Treatment  Water use/ Water use Water use/ Water use

(kg+hm™) efficiency/% (kg+hm™) efficiency/%
T1 355.3+58.65a 31.5+2.65b
T2 356.3+46.65a  6.86+4.56ab
T3 367.4+62.45a 53.4+2.76a 358.8+75.36a  5.99+6.62h
T4 366.4+54.57a 62.1+8.15a 343.4+44.45a  7.89+4.33a

T A R/NG 5 B2 on b B 22 57 .25 (P<0.05) o Il
Note: The different lowercase letters indicate significant differences
among treatments(P<0.05). The same below.
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The different lowercase letters indicate significant differences among
treatments (<0.05). The same below.
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Figure 2 Effects of different treatments on SPAD value of maize

leaves at different growth stage
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Figure 3 Effects of different treatments on SPAD value of soybean

leaves at different growth stage
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Table 5 Effects of different treatments on dry matter accumulation of maize and soybean at each growth stage (g+plant™)

Lib + K Maize K7 Soybean
Treatment P11 Jointing stage  JlIAEN] Tasseling stage 3K Filling stage /0K Branch stage  fE3E1 Pod stage S8 Drum stage
T1 26.4+3.88a 159.7+25.65b 293.7+57.65b
T2 7.22+0.99a 11.78+2.31a 21.31+5.65a
T3 26.8+4.25a 177.4+19.65a 320.3+48.33a 7.08+1.65a 10.25£3.32b 17.13£3.45b
T4 27.4%5.12a 163.5+20.34b 288.4+£39.51b 6.87+2.58a 11.1420.85a 18.22+3.69b

U P RPN 8 N VI - ¥ A i a1 N
W EYES TRER SRERAGRE 2SS R
i FF PR T4>ST3>TL, T4, T3 8 T1 48 M3 fn 1
28.17% H123.00% ; 4 KB Hy T3>T4>T1, T4 T3
T1 40 53T 10.26% A1 14.74% ; FEHL 3 81 Ky T4>
T3>T1, T4 . T34 T1 /3 5IHEHN T 8.52% F16.11% ; F AL
J i Bl TAST3>TL, T4, T3 48 T1 4y S84 fn 1
28.48% F121.85%, H.T4 FI T3 Kb FE 2 (Al A7 AE B % 2
St LR IR T4>T3>T1, T4 T3 &8 T1 A4y B3 hn 1
14.18% 1 10.64% ; %l 5 & 38 L Ky T4>T3>T1, T4 . T3
T4 B3N T 39.46% Fi125.85%, H. T4 Fl T3 4k ¥
Z AP AE 2 25 5 (MIVEAE BRI A T4 A TR ECRN TS
REGSPETLTREER.

P 2% 7 R AT, AS TR) TR A OGR4 A 5
e ()R AT 32 2545 A B Bk €8 AR A L
LRI BRLRR ORI B R R T e R LA B 2
So TR EE RN T2>T3>T4, T4 T3 458 T2 43
FIFEAK T 8.59% Fil 6.81% ; BBk & 45 % Bl T4>T3>

T2, T4 T3 % T2 40 54N T 34.16% F116.25% ; H.¥k
B ROR B IR TAST3>T2, T4 T3 8 T2 43 Bl fin 1
13.23% F1 10.45% ; Hkk SR BRI R T4>T3>T2, T4 |
T34 T2 43 I3 AN T 31.94% F117.08%, H T3 5 T4 b
P2 B AFAE SB35 22 5 5 BRI i R I T4>T3>T2,
T4 T34 T4 W I T 33.74% 1 25.77%., i 1E45
JERJE | FE 2RO, RS AR Z MR TE B
5.

WM 8 PN, TEMMESAF T, KR FIR G A R
o R AR 7 A SRR AR LU . T3 T4 4b B
AT AL B K YR BT 5 A3 ) IR S N 14.16%
12.41%. K& AR R RN T4>T3>T2, H T4 403
T2 AN PRI 13.73% . FEAT Ry 2 J5 18, T3 . T4 7]
VAL R /Y T OKFFRL ™ 5 R T1 AT Ak 1Y) 85% F11
91% , 15 B 7 A [R] A= H T AR (B oK A 7 f i 1
1, B B iy 7 A3 REOFFRL™ 5 T3 T4 8] /E
Ab 3Ry T2 BAAE AL PR 55% F1 65% , i B 764 [7] 4
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Table 6 Effects of different intercropping methods on maize yield composition

B j - SR = P - ez
wm o mER RE whtl | G | et R | T S
. Ear diameter/ Grain weight Ear row Grain number Cob diameter/ . Barren tip
Treatment  Ear weight/g  Ear length/cm Cob weight/g
cm per ear/g number per row cm length/cm
T1 213+58.65¢  15.6£2.03b  4.58+0.14b  151+44.23¢ 16.4+1.21a 36.8+8.15a  2.82+0.12b  147+18.65¢  0.30+0.01a
T3 262+32.42b  17.9+1.75a 4.86+0.74a  184+63.21b  16.6+2.08a 39.4+7.46a 3.12+0.30a  185+21.53b  0.38+0.01a
T4 273+42.15a  17.2+3.20a 497+1.21a  194+53.18a  16.3+2.65a 37.3+5.69a 3.22+0.45a  205+£30.54a 0.35+<0.0la
R7T AEIEMERFXX KEFEM MM
Table 7 Effects of different intercropping methods on soybean yield composition
! (AN FEE R FEE o B BRI FARR SR BT
4k . FLBRIERL g . .
Length of Internode length/  Nodes on main Effective grain Grain number Grain mass per
Treatment i Pods per plant
podding/cm cm stem number per plant per plant plant/g
T2 54.6+8.95a 67.5+10.21a 15.8+1.13a 36.3+4.21c 75.6+11.75b 72.0+2.30c 16.3+0.12b
T3 55.3+6.46a 62.9+6.35b 15.5+0.95a 42.2+4.11b 83.5+9.85a 84.3+5.75b 20.5+0.35a
T4 52.8+9.97b 61.7+4.55h 15.3+£2.08a 48.7+3.26a 85.6+8.13a 95.0+5.65a 21.8+0.85a
http://'www.aed.org.cn — 615 —
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Table 8 Effects of different treatments on 100—grain weight, grain yield and land equivalent ratio(LER) of intercropping maize and soybean

Jb3 TRLJT i 100-grain mass/g FFRE 5 Grain yield/(kg+hm™) b 2 L
Treatment T K Maize K. Soybean T K Maize K Soybean LER
T1 29.73+13.65b 2023.85+58.45a
T2 15.80+2.22b 637.88+41.15a
T3 33.94+5.88a 16.58+4.10ab 1720.27+78.93b 350.83+35.65¢ 1.40£0.21
T4 33.42+8.64a 17.97+1.58a 1 849.49+57.77h 414.62+40.33h 1.44+0.14

R FEFEFAIER KEFEMEF R AR

Table 9 Effects of different planting methods on the yield and economic benefits of maize and soybean

i A/ GE ™) B/ GEhar) PR
Lb3g Yield/(kg-hm™) Income/(yuan-hm™) Invest/(yuan+hm™) LA (G hm™)
- — - - - — N - N Economic benefit/
Treament o xe e T . R S L s
Maize Soybean Population yield ~ Maize  Soybean = Total = Materials Employment Total
Tl 8213+157.65a 8213+157.65b 49 278 49278 4400 5000 9400 39 878+297.65b
T2 3468+158.65a 3 468+158.65¢ 17340 17 340 2 600 3000 5600 11 740+308.95¢
T3 6981+144.35b  1907+138.35b 8 888+358.65a 41 886 9535 51421 3 600 7 400 11000 40421+558.15a
T4 6 488+258.65b  2254+105.64b 8 742+448.65a 38928 11270 50198 3400 7 400 10800 39 398+764.13b

TE 8 A /N FORAAE I BN 6 TC kg™, KIS TG -ke™, BEARNOG NS I T S48 AR TR )

Note: The average purchase price of golden small corn this year is 6 yuan - kg™, and soybean is 5 yuan - kg™, and the annual purchase price varies

according to market changes.
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