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Effect of strip configuration on canopy characteristics, yield, and the quality of
silage produced from co—cultivated corn and soybean

MAO Hai-long"?, TAI Ji-cheng”*, YANG Heng-shan"*, ZHANG Yu-qin"*, ZHANG Rui-fu"?,
WANG Zhen-zhen'*

1. College of Agriculture, Inner Mongolia Minzu University, Tongliao 028043, China; 2. Inner Mongolia Forage Crop Engineering
Technology Research Center, Tongliao 028043, China; 3. College of Grassland, Inner Mongolia Minzu University, Tongliao
028043, China

Abstract: In this study, we determined the effects of different strip configurations on the canopy characteristics, dry
matter accumulation, and yield of corn (Zea mays) and soybean ( Glycine max) plants, and on the quality of silage
made from these two species co-cultivated under field conditions. The corn cultivar Jinling 17 and the soybean
cultivar Dongdou 9 were used in a field experiment with a two-factor split-zone experimental design. The two factors
were corn-soybean row spacing (three levels: 50, 60, and 70 cm), and row-ratio configuration (four configurations:
2 rows corn: 2 rows soybean, 2:4, 4:4, and 4:6). It was found that the corn-soybean row spacing of 60 cm and the

4:4 row ratio configuration improved the aboveground canopy photosynthetic environment of co-cultivated corn and
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soybean plants. These two factors jointly affected the distribution of light energy, and the optimal spacing and row
configuration promoted the accumulation of photosynthetic products in corn plants in adjacent rows. This was
conducive to the improvement of leaf area index and SPAD value, and led to an increase in the photosynthetic
capacity of canopy leaves, thereby increasing the biological yield of corn. Across all the different strip configurations,
soybean biomass increased with increasing corn-soybean spacing and numbers of adjacent rows. The biological yield
of corn was the highest in the 60 cm corn-soybean spacing and 4: 4 row ratio configuration pattern, although the
biological yield of soybean was slightly lower in this treatment than in the other treatments. The biological yield of
corn—+soybean and crude protein output per unit area were the highest in the 60 ¢cm corn-soybean spacing and 4:4 row
ratio configuration pattern. In summary, 60 cm corn-soybean spacing and a 4: 4 row ratio configuration are
recommended as the best corn-soybean planting pattern for silage production in the irrigated area of the Xiliaohe
Plain.

Key words: silage corn; soybeans; strip configuration; canopy characteristics; yield
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o ) o, B O 0 U ST B )Z (0~20 R1 O REMRERFSKEM
em) SR FE 4 A A HLT 18, 52 g.kg—l 25 Table 1 Meteorological conditions during the growing season in
. the test
1.53 gkg ', B 35 mg ke ', HEALHE 14. 24 mg- ¢ e are
kg ', HAH 58 mg-kg
1.2 K&t :
SEH R Average temper- 10,08 18,18 23.82 25.16 23.44 19.70
KA R RBHX R, FHE N K G ature (°C)
BE L B 50,6070 em AR Bl R ZR O AT L BC E WesK fit Precipitation (mm)  1.81 45.72 10.17 47.29 2.88 8.14
ﬁzzz4¢44%m¢*¥k§mou%wm$
S B N A== s
ﬁ‘{ﬁﬁ‘{% K/NZE (40 em+80 cm) A AE 5 =, P A %5 Table 2 Belt configuration of corn and soybean composite

i H H i Month

Ttem 4 5 6 7 8 9

B9 7.5 T3 Bk -hm?, K 2R Tk ML 0 SF AT I (40 K 5 [ £k K BREF Plant
em) [ Fl A 77 20, FhORE 5 35 18 JT Bk -hm 2. & Ab 3R Corn- Corn Soybean spacing (cm)
FOKR MR 8 (N:P,O. KO —18:46:0) o M ffiRow  fREC fiRov Tk KT

spacing  Number spacing  Number spacing Corn  Soy-

270 kg-hm *, HER 4 (K,0=50%) 150 kg-hm *, F

ofrows  (ecm)  ofrows  (cm) bean

AT R WU 22 4 3061 1B it IR &R 50 em 2 10 2 10 4.8 6.2
(N=46%)225 kg-hm *, K 5 JiK i B 4% FF — U1 e 2 40 4 40 10.3 8.5
FH K &% B (N: P,O,: K,O=12:18:15) 300 kg- 4 40+ 80 4 40 14.0 5.8
m AT RKHH 25 m, 3 ERE . Bk CRE R 4 40+80 6 40 1.6 7.2
N A% 72 5 B/ bk o HAh 48 Bk 7 60 cm 2 40 2 40 13.3 5.6
520 1 1 P ) A5 B OKOF — 2L 2 40 4 40 9.5 7.9
1.3 MzE¥iH5EHE 4 40+80 4 40 13.3 5.5
1.3.1 ok &M 4B 47 5ef J2 i FE oKk 22 4 4080 6 40 1 6.9
(U K O 4 3 B AR 109 7 oK T AR AT CT ), BE AL 70em z 40 z 40 2.1 51
i M0 2 K 8 25— B0 R OK bR 3 bk K S A B 5 ©o ' vooon
Bk H A 9 Bl ik 2 7 4 7 B9 SPAD502Plus 7 % oo oo e
4 40-+80 6 40 10.7 6.7

0 AT T MR K R R A AR = S R SR R Y
= M3 45 158 22 4 B (SPAD f8) W5 45 1 1 14 {E: 4080 78 TR GAAT AR, 94T 80 cm %247 40 cm,
Note: 40+80 indicates that corn is planted in wide and narrow rows, with
ISt 57 85 6 AE i 7 e () 57 5 ol R I B, 2 B 5 1 i wide rows of 80 cm. and narrow rows of 40 cm.
HEAT I A P

TRt 22 3 o B B0 KR TR 9: 00—

11:00, | H 9% [# Delta 23 7 4E 7 19 Delta-T SunScan & 2 40 BT R 48, F SunScan R 48 & T /N XN, 45 4b 3 3% 0L 3 4b
S — 0 M B 28 0 B - 1 R4S BT (leal area index, LAT), il 50 , Be CE 4.

TRk 22 1], 4% Ab BB ML 15 3 — S H B AT AR SRR A KA R 3 Pk S K AR bR 5Bk, 28 HRUG BJE KUK <
{1 3¢ B Li-COR 2% B A4 7 11 Li-6400 18 #5 20O & 2 A, T 1277 8:30— 11: 30 X B I F R AR I BE =it ek
FE AR 19 T0 = iF £ 47456 A 3 % (net photosynthetic rate, P,) 7% # % (transpiration rate, T,) .S fL 5 & (stomatal
conductance, G,) Jfia] CO,#& ¥ (intercellular CO, concentration, C,)%5364 S8 & .

R ARE S =P, X LA
1.3.2 EARKRGHLIT TR T Ak 22 30 (b B R S 42 30 R A 3 ) N L A (ot s R 2 3 3 Bk I )
FEK G AHARAT , #5 Ak P36 K 34— 35 HLHL A A3 M 19 R AL BR 3 Bk B R R AFAR 5 bR, T 25 LR 85 W7, DI Ak 1~2
em/NEE L B MAS, 2 )5 F 105 CHER 2 30 min, 80 “CHET 216 &, i & H T i = & .
1.3.3 AW it H AL TR OKFF R FLE IR B 1/2( K G AL T SOk 1) B 647 AR 9 ™ 1 I, MR 40 457 784 i
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P, e A A B SR MR 1 2 m > 12 m, AR M B 3853, 43 300 D0 oA R 7 i i i, % Ak B 3 9 i A2 O 5
Bofd, W B4 3 i ok KRG K G B SR A i
1.3.4 HMEAFEE WOAR J5 BB 250 g fif A, AR A e Y I R N B OK 5 R AR IO ) L IR & 1A L 1
80 “CHt 2= H Ji5 3 e , 2R FH B IG5 4803 1 %2 ML 25 11 (crude protein, CP) & "™,
1.4 HIELALEL 5

K H Microsoft Excel 2016 #17 $t 4 4 B, i F] DPS 18. 10 #4F #E 47 38 12 43 H7 . 22 5 & 3 1k (least significance
difference, LSD)43#r, 38 H Origin 2021 #1753 Hr £z & .

2 GERESH

2.1 AR ENK AT R R G R

2.1. 1 CHERUECE XK BARARAT EOK K E A SPAD AR K SR AT L B W R R OR R R 2
KM REWSPADH , & BAFZ AR E (K 3) . FEAFKGRET , £ AR - GEAL A AT A9 SPAD
{E X7 % BN 60 em 8] BE % 5 , EL AR A7 i A0 BE A7 F 0 A9 60 em (8] BE 5 50 A1 70 em [] B {9 25 5 35 B 5 3 K F (P<
0.05) ZEANFFTHEE T, B LA SPADEEREM N 4:4>2:2>4:6>2:4 A AFF LI B 2: 4485 7. 98%,
A FIAE AL T i SPAD (R IR 4:47>2:2>2:47>4:6, H 4:4 55 H Al 3417 HUHC S A9 2 53K 3 8 Z kP
(P<<0.05),4:4%854:6 5342 1 7. 352 M1 8. 48% . A& K ELIAIFE A9 M AN, RS0 7 (9 SPAD (H 2 3 iy #a %, A
RFIH N 70 cm™>60 cm>>50 cm, H 70 cm [H] # i SPAD {A 4 50 cm 2 #2517 6. 82% (P<C0.05) . FEARFAT I
BCE R RSN 7 # SPAD A FEAE R GAT R i i, BAA R N 4:6>4:4>2:4>2:2,4:6 5 2: 2 R E
35.87% (P<<0.05).

2.1.2 RO E G OK SARARAT EOK R S T BUE A L ORI B R ) RS [ i 2R R R A I T

K3 HEHREXMNAKEHMBITER.KEHH SPAD EHEE

Table 3 Effect of band configuration on SPAD values of corn and soybean leaves in adjacent rows of corn-soybean

AT HeBe E G F >k Corn KE
Row ratio configuration ~ Corn-soybean spacing AL - On the ear A7 Ear leaf 47T Below the ear Soybean
2:2 50 cm 56.72+3.67hc 55.79+4.53de 54.52+4. 63def 37.72£3.67e
60 cm 58.85+5.78ab 61.71£5. 40ab 60.82+5.53ab 38.43+2.78e
70 cm 50.55+5. 87e 56.03+6.59cde 55.26+4. 94cde 40.1143. 56e
2:4 50 cm 50.7546. 24e 55.67+7.63ef 51.44+5.49f 43.34=£5.18d
60 cm 55.75£6. 57bed 60.99+3. 72ab 57.11+£4. 81cd 44.16£7. 21cd
70 cm 53.30£6. 88de 55.98=£7. Odcde 54.54+6. 20def 46.2641. 32cd
4:4 50 cm 54.85+5.70cd 57.21£5. 58cde 55.87+£4.87cde 44.8142. 13cd
60 cm 60.14£5. 24a 63.03£5.58a 61.53+£5.11a 45.3141. 64cd
70 cm 57.58+6. 74abe 58.97+6. 68bed 57.94+7.39bc 47.28+5. 34c
4:6 50 cm 52.99+4. 74de 52.38+5.43f 53.01+£5. 68ef 50.59+2.17b
60 cm 54.5746.06cd 59.14+£5. 05bc 55.5745. 55cde 52.53£3. 15ab
70 cm 52.67+6.90de 55.42+5. 83ef 53.07+£5. 16ef 54.82£5. 31a
K32 8] # Corn-soybean spacing (C) 7. 605%* 17. 146% 13.373*x* 3.983%
17 e Hid B Row ratio configuration (R) 5.098% 3.690% 6. 883%x* 41. 498
CXR 2.128ns 0.215ns 0.557ns 0. 086ns

B S - A £ b e 22, T8 9 AN () 2 B A 3R 78 R [/ oK 52 8] BE 2 A7 U ic 8 22 5 i % (P<<0. 05) Values are mean=standard deviation, different letters
within the same column represent significant differences in different corn-soybean spacing and row ratio configurations (P<Z0.05) ; *: P<C0. 05; **; P<C

0.01; ns: A & % Non-significant; “F [i] The same below.
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PR B, AT L G 1 5 5 e R OK b 38 R K T FRE B, A BRSO OR [ )2 B R T i RRE G e
RNEE(FL) o FEAFKR G T, F R AR it 2 v 1 AU £ 26 380 60 cm 1] BE A 25 fe &y, ELREA b i Al A7
Iy I T RR A B0 kv At 2 A ) B AR B AR S TR AT EE T BT, R ORAS TR P )2 i T B RO R B AR IR 4
4=>2:2>4:6>>2: 4, {7 EH8 BE = 0 AR R AR A 4: 44T FE D B AR 2: 4 2 B ES T 15.65% .14, 20% Al
13.61% o FEANIRI K G EFE R, K o i I B 45 B 5 oK 2 [a] B 1 386 in i 4 55, 70 em [B) #E 40 3 5 3 (P<<0. 05) & F
FCA 24> [A] B AL 3 5 7R [RIAT UG & R, K 52 b T BR 4 50RO AT B0 18 i 4 L R 617 KB 3 (P<
0.05)F T 417 M 24T KE 44T KRG B (P<0.05) @/ T 247 KE ,4:6 58 2: 24/ T 42.00% .

F4 TEHEENAERASTERXEHEREHHZ M

Table 4 Effect of band configuration on leaf area index of corn and soybean in adjacent rows of corn-soybean

A7 e & P EA LNl F K Corn PN
Row ratio configuration ~ Corn-soybean spacing FL7 - On the ear Hif 1 Ear leaf FE{7 F Below the ear Soybean

2:2 50 cm 1.4740. 15def 1.7040. 26e 2.77+0. 29¢d 4.10£0. 10f

60 cm 1.7040. 17ab 2.10£0. 20ab 3.53£0. 12ab 4.2740.06f

70 cm 1.5040. 20cde 1.8040. 26cde 3.33£0. 84abc 4.57+0.06e

2:4 50 cm 1.3040. 20f 1.67£0. 31e 2.57+0. 64d 5.20£0. 10d

60 cm 1.6340. 15bed 1.8740. 06cde 3.234£0. 50abed 5.33+0.21d

70 cm 1.4740. 21def 1.73+0. 21de 3.03=£0. 46abcd 5.63=£0. 21c

4:4 50 cm 1.7040. 17ab 1.9740. 15bc 2.87+0. 29bed 5.10+£0. 10d

60 cm 1.8340. 06a 2.20£0.20a 3.77+£0.06a 5.23+0.21d

70 cm 1.5740. 15bed 1.87£0. 15cde 3.4040. 61abe 5.63=+0. 06¢

4:6 50 cm 1.3740. 21ef 1.6740. 38e 2.67=+0.06¢cd 5.97+0.15b

60 cm 1.6740. 15abe 1.9340. 15bed 3.27£0. 12abed 6.07=£0. 25ab

70 cm 1.4740. 06def 1.7740. 15cde 3.10=£0. 20abced 6.33+£0.40a
K 3 [E] i Corn-soybean spacing (C) 7.908% 5.302% 9.216% 18. 317%#*
17 HLBC E Row ratio configuration (R) 3.510% 2.339ns 1. 660ns 142, 421%*
CXR 0.817ns 0.226ns 0.079ns 0.127ns

2.1.3 AU B NOR GAHSRAT EOK K E M RO G SR K SRR A W Ok R G ROLS S
A7 LU TE B B KOG G S R S N B3 A % A oK R RO G S BGE Y 3 OK SR BE AT L E
PE S 3 52 0 K SR L] COL MR EE (£ 5) .

TEAN R K SLIR)BE R, 2% () Ak 23 oK i Jr (06 & 308 L5 BE IR COL ik B2 R 78 1 30 R B R Bl 60 cm
Ji1] 145 Ak PGSR i i, 35 50 RN 70 em A3 B8 I T 9. 42% 18, 19% (11, 75% Ai110. 24 % .8.82% M 9.30% .7. 87 % Al

x5 HEHRENREEBITER KXEXGSHNAESN

Table 5 Variance analysis of band configuration on photosynthetic parameters of corn and soybean in adjacent rows of corn-

soybean
T H Tk Corn K & Soybean
Ttem P, G, C T, P, G, C T,
C 7. 004 10. 004 3.973* 28.960%* 19. 197** 251, 434 57. 263%* 188. 700%x*
R 2.024ns 2.707* 4. 539% 80. 007*x* 176. 827*x* 0. 130ns 346. 937** 4.791*
CXR 0. 537ns 0.313ns 0.041ns 1. 046ns 0. 300ns 0. 035ns 3. 881* 0.432ns

C: >k H [l i Corn-soybean spacing; R: 17 LBt # Row ratio configuration; F [i] The same below.



534 B 8 W Fll2F 3 2025 4 35

7.12% (B D) o TEARATICECE T, EOKM 7 66 B8 SAL S BRI R CO, M BE R I 4: 447 HOBC & 5 -

B oK T2 ] R A BE m, R S  dA E R RAL R R R AR G i, 70 em [A] R AL B A HO6 G
RRILFE FEE R 50 A1 60 cm 43 BB T 4.95% 2. 34% .25.47% F116.21% 41.05% MM 25. 71 % (A
2) o MEIA] CO,¥e B 78 4% 2K B IH] 7K F R, 50 om [A] B kb PR & o #E 4547 HU B B K E T, KE I ok & R B &
T Z MG 0, 4: 6 47 LU G B e & BOR fie s 5 AL B 28 1 ORZE 2517 LU G & N AR B BN, AL 5
e i 40 44T OB Y 0. 562 pmol-m *+s™ ' e Il 2: 4 19 0. 559 pmol-m *+s™ ', 78 1 WK 5 = (1 Ry 2: 2 11
7.91 mmol-m *+s ', R ARAY S 4:4 79 7. 35 mmol-m - B R ELATEO N, KM CO, ¥k B 5 5B 4 5 98 /Y
PORRER I N 4:4>4:6>2:4>2:2,

7 35T 150 cmEA60 cmC370 cm
) be a
& b
‘.E a_lif bca _*‘Iiai}c be 20 be bcabc be be cbcc
s
2 "
o~
b
4o
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| I I I | I
~ 3507
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=
o7 2001
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®
3 100}
Q
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Fig.1 Effect of band configuration on photosynthetic parameters of corn in adjacent rows of corn-soybean
AREINE AR 3 76 R R oK 2 ) B R AT LU & 28 5% 3% (P<<0.05) , T [l Different lowercase letters represent the significant differences under

different corn-soybean spacing and row ratio configuration (P<20.05), the same below.

2.1.4 RO E XS OK SAHARAT ok KR EEEOEARE MR KR EEPE AT A E W S ROk R S e
ENARES, S BAER WA B (K 6) ., EAFK G EE R, 60 cm 0] #5431 K 56 26 4 58 1 o, 3 e ik
(4950 cm #2551 34. 28% (1 3) s ZE RFAT HL BB~ , FOKEZ A RE S iRm0 4: 447 Ho e B A e AR i 4 6 32 T
21.14% . K52 64 8 1 B % K 521 BE A AT B0 i 4% K, 70 em [B] B (40 6 47 Ho e 8 A X iR o, B IR
(950 cm A 2: 247 Lo e B RS0 @ 1 101, 31%,
2.2 WARREMNKELSEKABAETTHRARRG Y A

KGR AT LG 5 e oK R A i T R, —H BRI A B (R T,

Bt % A B R, KA T B SR R R S (TR 4) o A ek 22 3 e R 0 T T R R R B R 60
em [A] 5 4b B 6% 55, 50 em K, 20 B4R R T 10.34% F19. 80 % s ARIAT LB B T, K AE it 22 30 K LA (19 1 ) 7
EE LB —F N ENRE R 4:4>2:2>2:4>4:6,4:4 % (P<<0.05) 5 T 4:6,

BB, R TR B 2 b ES (E4) . RIFEDRGIE R T, 768 A6 W R S0R 0 09+ 9 5
TR i I A oK ) B P 3 g £ 0%, 70 em [R]BE 43 504 & 1 13058 % 9. 52 %0 s A IRIAT LB E N L B A K GAT R
B, A R AE I AN ORI T TR B RN, 406 B35 (P<<0.05) | T 2: 2,
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Fig. 2 Effect of band configuration on photosynthetic parameters of soybean in adjacent rows of corn-soybean
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Table 6 Variance analysis of configuration on photosynthetic

capacity of corn and soybean canopies in adjacent rows of

corn-soybean
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Fig.3 Effect of band configuration on photosynthetic capacity of corn and soybean canopies in adjacent rows of corn-soybean
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Table 7 Variance analysis of corn and soybean dry matter

mass in different belt configurations
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Table 8 The effect of belt configuration on the biological yield of corn-soybean complex
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Fig. 5 Crude protein content and yield per unit of corn-soybean complex in different band configurations
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