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Abstract: In order to explore the effects of different cropping patterns on soybean growth and development and yield, and to

determine the optimal soybean cropping pattern suitable for Daxijiang Farm in Heilongjiang Province, the Heihe 43 variety was

used as the test material, three consecutive years seven distinct planting patterns were designed at the same density. The

association between the leaf area index, dry matter accumulation, agronomic parameters, and yield during different fertility

periods for each cropping pattern was investigated. The experimental findings revealed that the soil moisture content of the

three cropping patterns differed considerably at different times, the soil moisture content of the monopoly cropping pattern was

greater than the flat crop at different times. During the reproductive phase, dry matter accumulation and leaf area index

increased and then decreased. The plant height of four rows with unequal spacing was the highest as 86. 53 cm. Soybean

plants were the thickest in the huge ridges planting and small ridges management pattern, for 6. 67 cm. The 100-seed weight

of 65 cm conventional ridge tillage was the highest, reaching 20. 69 g. The layout with equal plant spacing in three rows

produced the maximum pod height of 16.97 ¢m. Correlation analysis showed that stem thickness,seeds number per plant, pods

number per plant and seeds weight per plant were highly significantly and positively correlated with yield, with correlation

coefficients of 0.257, 0.578, 0.319 and 0. 651, respectively. The four unequal rows on monopoly model out performed better

than the three-row on monopoly model and the conventional monopoly sowing model in these aspects, with the highest yield of
3364.91 kg-ha™', which was 9% higher than the three-row on monopoly model and 10% higher than the conventional
monopoly sowing model. Finally, the four unequal rows on monopoly model may be chosen as the ideal soybean planting

pattern in Daxijiang Farm of Heilongjiang province, and provides a theoretical foundation for selecting the optimal planting

pattern in other regions of the same cumulative temperature zone.
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ZEST RIS 65 em /NZE FERNIHIAL 1 248 m*; “ 28
L UAFAEELT R AN 65 em /NEA AL 1 A
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Table 1 Row width, number of rows and row spacing of seven planting partterns
JLgL] [UiEL 2 258 174k (hyicl
Treatment Planting pattern Ride width/cm Row number Row spacing/cm
A WL 2E 65 2 12.0
B REL
o V% R 22 65 2 12.0
D KIEEFNNEE 130 4 thE4T 53.0,3047 12.0
E 28 b UATANSAT 130 4 HRE)4T 53.0, 3447 12.0
F 28 L PUATAEATIE 130 4 25.0
G 2 =47 110 3 22.5
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Fig.1 Effects of planting patterns on soil moisture
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Table 2 Dry matter accumulation of soybean at different growing stages under different planting patterns

Hfr.gem™?
2019 2020 2021
Ab o

ewmen NI BN BRI WA JFAEM RN BRI ORIUN RN GEM SN A
Blooming Podding Seed-filling Maturing Blooming Podding Seed-filling Maturing ~ Blooming Podding Seed-filling Maturing

A 3.09a 13.46ab 21.06 ¢ 20.57c¢ 2.96b 15.17a 22.32c¢ 21.41b 3.16 bc 19.38a 21.93 ¢ 21.62 be
B 2.85ab 10.75d 19.35d 18.71d 2.82¢ 9.96c¢ 20.77d 19.51¢ 3.18 be 10.89d 20.95d 19.90d
C 3.13a 10.90d 20.02cd 19.52cd 2.79c¢ 10.25¢ 21.34d 20.05¢ 3.91a 11.18 ¢d 21.87 ¢ 20.84 cd
D 2.89b 14.13a 21.13¢ 20.55c¢ 2.93b 14.69a 24.15ab 22.54ab 3.52 abc 19.47a 24.59a 22.15b
E 3.05a 12.90b 25.90a 25.23a 2.96b 11.35bc 24.78 a 23.58a 3.68ab 12.78 b 24.73a 24.16a
F 2.61ab 12.07¢ 25.39a 24.82a 3.08a 12.11b 24.22.ab 22.41 ab 2.97 ¢ 12.14 be 23.86 ab 23.99 a
G 2.94ab 11.80c¢ 23.47b 22.68b 2.99ab 11.72b 23.67b 22.95a 3.03bc 11.79 bed 23.40 b  23.56 a

2.4 AEMEERIKXEZREMEKRBGZNE

e 3 frs, R 130 em KZEFHER D EF
Qb B o WS AR R AR AR AR i v T LA R AR AR S F
WP R e % P40 3517 #kom 2, 5 B
ALBEAR LIESE 3 IR B D E F G 4b# 3 4F
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kR e T/ N B RPERE R AL Hod B AR
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Table 3 Effects of different planting patterns on agronomic characters and yield of soybean

B, FYh 86.53 em, B ALBHARAK, N78.96 ¢m, F
LhERE B ANEE 3 AR AR B E M E R BT
T, {0 2021 4F F 4bFR S B AbFHIAE) B EM2E 5 HAy
GRAFIUE: PRV N T EPIE 37 N 7 =i R (B
KA B = T F3%, A D EF 40 B 1)K 32 7
B, Hoh P AP R, 16,96 em, B AbEE iR, Ny
15. 12 cm,3 4[] ZBVERE 0 IS IS 1 H P4

ILEIRYZ Z5H s BRI RIER BMRIEEC Bt BRMRRIE ERE -
4Efy AbFE Plants number  Stem Plant Nodes Height of Pods Seeds Seeds 100-seed Vield/
Year Treatment for harvest/ diameter/  height/ number lowest number number  weight per  weight/ .

(Bom™2)  mm em  perplant  pod/em  perplant  perplant  plant/g . (kg-bm™)
2019 A 33.9 ¢ 4.77 ¢ 71.17b  13.36a 15.23 ¢  19.32ab 48.16ab 9.02b  21.59a  3129.77 b

B 34.4bc  4.79 c 70.02b  13.19a 14.61be 18.12c¢  46.35c¢  8.68b  20.07a  3044.63 b
C 34.4bc  4.92bc  71.83b  13.27a 15.27bc 18.89ab 49.29ab 8.81b  20.73a  3101.66 b
D 34.9ab 5.06ab 75.26a 13.30a 16.90a  19.32ab 49.93ab 8.94b  21.19a 3176.93 b
E 35.4a  4.93bec  76.73a 13.46a 16.54ab 19.89a 51.28a  9.6la  21.16a  3486.02 a
F 35.2 a 5.05ab 74.91a 13.87a 15.58 abc 19.47ab 50.23a  9.00b  21.40a  3235.45b
G 34.9ab  5.23a 75.39a  13.99a 1550 bc 19.43 ab 49.26ab 8.93b  20.61a  3185.12 b
2020 A 34.7ab  5.67bc  77.61 be 16.38 ab 16.20ab 20.72ab 51.76 ab  9.84 ab 19.87a  3496.56 ab
B 34.2b  5.52¢ 73.29 ¢  16.20c  14.60 ¢ 19.34¢  47.92c¢  9.03c¢  18.65c¢  3150.00 ¢
C 34.4b  5.68bc  75.89 bc 16.50ab 14.76 ¢  20.24c  50.54c  9.37bc 19.20 ab 3297.82 he
D 35.0ab  6.07 a 81.11ab 16.26ab 15.18 be 21.28 be 52.72ab  9.84ab 19.73a  3508.83 ab
E 35.4 a 5.88ab 85.18a 16.60ab 16.16ab 21.91a 54.96a 10.33a  19.62a 3743.53 a
F 35.4 a 5.79 b 86.25a  16.90a 17.15a  21.47ab 53.37ab  9.72ab  19.27 ab  3514.98 ab
G 34.9ab  5.81b 79.53b  16.82ab 17.17ab 21.68ab 54.11a  9.66 abc 19.30 ab  3442.21 ab
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A4y 4bFR Plants number  Stem Plant Node Height of Pods Seeds Seeds  100-seed Vil
Year Treatment for harvest/  diameter/ height/ number lowest number number  weight per  weight/ .
(Bem~2)  mm em  perplant  pod/em  perplant  perplant  plant/g . (kg"bm ™)
2021 A 34.0 ¢ 7.65d 95.66bc 15.06a  18.18a  18.36ab 43.22d 9.44a  20.61a 3281.83 b
B 33.5¢ 7.82¢d 95.02c¢ 14.82a 16.14c¢ 17.14b  43.08d 9.37a 20.07a 3214.62 b
C 33.9¢ 8.07bed 95.20c  15.24a 17.36ab 17.50 b  43.24d  9.51a  20.28a  3290.22 b
D 35.0ab  8.89a 96.84ab 15.46a  18.54a 18.88ab 46.26 b  9.47a  20.39a  3378.29 b
E 35.4a 8.51ab 97.68a 15.16a 18.12a 20.18a  48.48a 10.14a  20.36a 3675.17a
F 34.9ab  8.62ab 96.74ab 15.42a  18.16a  18.52ab 45.10c  9.46a  20.40a  3369.20 b
G 34.7b 8.43 abc 96.44ab 14.92a  17.94ab 18.28ab 44.l14cd 9.57a  20.50a  3385.26 b
Y A 34.20c  6.03a 81.48a 14.93a  16.54a  19.47abc 47.71bc  9.35b  20.69 ab 3302.72 b
Average B 34.03c  6.04a 79.44a 14.74a 15.12bh 18.20c  45.78c 9.03b  19.60 ¢  3136.42 ¢
of C 34.23¢  6.22a 80.97a 15.00a  15.80 ab 18.88 bc 47.69 bc 9.53b  20.07 ab  3229.90 he
years D 34.97bh  6.67a 84.40a 15.01a 16.87a 19.83ab 49.64ab 9.42b  20.44 ab 3354.68 b
E 35.40a 6.44a 86.53a 15.07a 16.94a 20.66a  51.57a 10.03b  20.38a  3634.91 a
F 35.17ab  6.49a 85.97a 1540a 16.96a 19.82ab 49.57ab 9.67b  20.36 ab 3373.21 b
G 34.83bh  6.49a 83.79a 15.24a 16.97a 19.80ab 49.17ab 9.38b  20.14 ab 3337.53 b

2.5 AEMERXKXEFEREMHEERERSH

2.5.1 ¥m¥EH HE3IAH, D.EF.GAHS3
SRR MRS 2, Horh E Ab B £ R 20. 66, H:
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WEFLE 9 18.20, E 55 B ALFE 3 4R i 8 bk 35 AL
ik 3 vk 25 S, R AR BRI #E 2019 FH 2021 4F
ThEHES

2.5.2 Fhkd MR WM, EF.G AR
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A%, M 45.78 E 55 B ALFHE 3 A ] Bk A b ik 5]
BEVEES
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PARRLEAE AN [F] A AR A BT 1 3R, Horh B Ak
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PR IA ) 25 5 2 2021 4F- 45 Ak B[R] BA BT G
EER,
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A 20.44,20.38,20.36 F120. 14 g, {H¥R 5 A kb3
RE R B AR, M 19.60 ¢, B A
AEBRAR 5% , 2020 4FAL B AbHEE A D E AbHE kL
HIRB 28 7 HAR AR 25 A PR R) TC 1 35 25 5+
2.5.5 % K3 AAL3 4R E A F ARG
P, o E AR R, 3 634.91 kg-hm 2,
A R BRI AR F D A G 7355 8% 8%
9% , 1M B Ab B = Fe K, 3 187. 10 kg-hm >, H.
3 4EM] E 5 HAhAL 3 i A A R
FSNINP  SNE CE LR R W Y 7 0 QL R A
B SR T o A 1 L /N B AR R I 4T
AE A KL 5 AR b — % (22 R R B2
2.6 KXZEMEEXBITEPEHITREERER
2.6.1 % EwWATREATIEAMAEX HFE 4 ATH,
28 LA AN AR AT RO AR A AT 5 T AT R LR
MR DL B 1 22 IR /N, X R TR AT
AT A (R AT B L Ay R 2B B Y o (] A7 B T
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2.6.2 2w FEisEAbAAAEX 4 0,
FPRE ARSI Hh AT bk v RS 3 v L3R AT g, T AE
FRRIERL  FRARRLER L 1T /0, BB TR Kl AT
Horp SOATFN R RIAT 3 A [B) A6 AR = 5 1A 35 B g
PE2E 552019 F1 2020 AF7E % I 5 J7 1 38 B i 2 Pk
Z£ 5152020 Fi 2021 A AE BRR JEROT TG Wl 2 1 2
532019 F1 2020 4FE7E SRR O TH TG 0 2 R

*x4

3 AF[A] SRR EE B A B 2 5

2.6.3 ZE=A7AAEAEX K 4 AT XA
N AT BARAE ZE ML R | 9 BRI IR e 45 5 1
TS MR AT RIS AT SRR IR
BABRRLEC  BARRORE FE R R A T T B 4,
i, BUBRIEEIUAE 2019 AR IR E 35 MR 22 5, bRk
HELE 3 AR R,

BigHEEXTRRITAERZUERE“ENRERESR

Table 4 Difference in soybean agronomic traits and yield components of different planting

rows of new added planting patterns

T 2019 2020 2021
Ak AT AT HEAT AT HEAT 4T
Agronomic
Treatment » Middle ~ Border ! P Middle  Border ‘ P Middle  Border ! P
e Trow row row Trow Trow row
E el 4.96  4.90 0.872  0.432 5.80 5.95  -0.977 0.384  8.52 853 -0.107 0.920
MEs 76.77  76.68 -0.051  0.962  85.08  85.29  -0.085 0.937 97.50 97.86 -0.457 0.672
ik 13.54  13.38  0.164  0.877  16.38 16.82 -1.156 0.312 15.12 1520 -0.128 0.904
¥R 16.54 16.55 -0.016  0.988  16.37  15.95 1.025 0.363 18.13  18.12 0.014  0.990
MBRSER 19.91  19.87 -0.405  0.706  21.91  21.92  -0.020 0.985 20.07 20.29 -0.216 0.839
Bk 51.32 51.25  0.101 0.925 54.77 55.16  -0.686 0.531 48.39 48.58 -0.481 0.656
bR 9.61  9.62 -0.025  0.981  10.32  10.34  -0.152 0.886 10.10  10.19 0.091  0.932
F eyl 5.06  5.04 0.322  0.763 5.74 5.84  -0.650 0.551  8.58  8.30 0.984  0.381
BkEs 75.29  74.53  0.845  0.446  86.48  86.03 -0.231 0.829 97.06 96.42 1.882  0.133
Wk 13.89  13.85 -0.057  0.957  17.02  16.77 0.663 0.543 15.52 15.32 1.155  0.312
JEFER  16.14  15.01 -4.856  0.008** 17.49  16.81  -4.490 0.011* 18.58 17.74 -1.142 0.317
HRRIERC 19.01 19.94 -5.111 0.007** 21.41  21.53  -1.600 0.881 18.14 18.90 -3.516 0.422
HRRRIEL 49.83  50.63 -0.416 0.699  52.50  54.24 -1.920 0.127 44.42 45.78 -2.963 0.025*
MR 8.75 9.37 -3.231  0.032* 9.4l  10.04 -6.284 0.003** 9.13  9.79 -6.900 0.002**
G eVl 5,19  5.26 -0.850  0.443 5.74 5.88  -2.362 0.078 8.5l 8.52  -0.718 0.964
Mg 75.34 75.44 -0.129  0.904  79.56  82.51 0.031 0.977 97.70 97.96 -0.048 0.969
FHC 13.78  14.20 -0.818  0.459  16.90  16.94 1.058 0.350 14.84 14.99 -0.041 0.734
JEIER 15.30  15.70 -0.494  0.647  17.07 17.26  -0.392 0.715 18.45 18.75 1.563  0.193
PRRIER 18.96  19.90 -3.395 0.027* 21.37 21.99 -1.364 0.244 18.02 18.54 -0.448 0.677
MBRRIEC 49.55 50.31 -0.621  0.568  52.58  55.63 —-2.228 0.090 43.87 44.41 -0.659 0.546
bR 8.52 9.34 -7.498  0.002** 9.26 10.07 -1.779 0.015* 8.79 10.35 -9.446 0.001**
TE: T HT T 3 BIZERTE 0. 05 F10. 01 K b 25 5 B Bl W3,
Node: ™ and * * means significant or extremly significant difference at P <0.05 and P <0.01 level, respectively.
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K MR RECN 0218, ZEM 5 IKIER | PR 2
e i 2 ARG AR OC R B30 0. 499 F110.280, 5
PR 0 ARG MG R B 0,207, IR RS

B E S AR I TEAT G A SC R EON 0. 255, 5
MR R A 3 RO AR R MO - 0,278, 77
55 FUBORE H AR SEAE B K, U BB ORI LR
SRR, A5 PR Y 7 8 /NI 5 B RORE HE R/
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R, 2B L DU ST AR Y bR
R AR R IAET , P iR
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Table 5 Correlation analysis among agronomic traits, yield and yield components of soybean
shi eyl P ki R BARRYR  HAbRRIEL HBRRLE AR -
7N =S
8 Stem Plant Nodes Height of  Pods number Seeds number Seeds weight ~ 100-seed
Index Yield
diameter height number lowest pod per plant per plant per plant weight
ZEM
1
Stem diameter
3G
0.207 " 1
Plant height
0.164 -0.006 1
Nodes number
JE I _
0.499 " * 0.315*" 0.054 1
Height of lowest pod
FARRIER , ,
-0.247" 0.139* 0.266* -0.016 1
Pods number per plant
AR _ u .
-0.597" " -0.117 0.208 * -0.278" " 0.647 " 1
Seeds number per plant
LRy SAT _ .
0.280" " 0.085 0.208 * 0.255* 0.447 " 0.212° 1
Seeds weight per plant
kL
-0.045 -0.053 -0.239" 0.007 -0.113 -0.144 -0.081 1
100-seed weight
0.257"* 0.060 0.164 0.218 " 0.578 " * 0.319" " 0.651°* -0.078 1
Yield
TE: RN 433K AE 0,05 50, 01 7KV 1 35 il 1 AR K
Node: * and * " means significant or extremely relation at P <0.05 or P <0.01 level, respectively.
3 Wi 1o LEIATAR, Bk S BRI B eI AT D X S B
Tk

AN T M X 3 T R ) R R R A o 2 1 S
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LR RER R, PRI T K B A X 5 ik
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