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Effects of Different Planting Densities on Agronomic Traits and Yield of Soybean
in Sichuan

LIANG Jian-qiu, AN Jian-gang, WANG Jia, ZENG Zhao-qiong, YANG Wen-ying, WU Hai-ying, ZHANG Ming-
rong, YU Xiao-bo
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637000, China)

Abstract: In order to determine the suitable planting density of different soybean varieties and provide theoretical basis for
high-yield cultivation techniques in Sichuan, four soybean varieties including You 6019, Nanxiadou 35, Nanxiiadou 38 and
Nannong 99-6 were used as experimental materials , three planting densities(200,250,312. 5 thousand plants+ha™") were set
up to study its effects on the main agronomic traits, yield and yield components of soybean varieties. The results showed that
with the increase of planting density,the plant height,bottom pod height,average internode length and lodging rate increased,
the survival plant rate,effective branches, pods number,seeds and seed weight per plant decreased, while the number of main
stem nodes and the 100-seed weight were not changed obviously. With the increase of planting density,the yield change trends
of different varieties was different. The yield of You 6019, Nanxiadou 35, Nannong 99-6 increased firstly and then decreased and
reached the highest yield 3 049,2 754 and 3 182 kg-ha ™' respectively under the planting density of 250 thousand plants+ha™"'.
The yield of Nanxiiadou 38 decreased all the time and reached the highest yield 2 985 kg+ha ™' under the planting density of 200
thousand plants - ha™'. The results indicated that the suitable planting density in Sichuan of You 6019, Nanxiadou 35 and
Nannong 99-6 were all 250 thousand plants « ha™" | and the suitable planting density of Nanxiiadou 38 was 200 thousand
plants-ha ™',
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Table | Soybean varieties( lines) used in this experiment

h () M LI/ L B I N £ B

Variety (line) Plant height/cm Leaf shape Leaf size  Podding habit ~ Branch number Whole growth period/d

IR HEFH e

Origin

i 6019 i %N AR
You 6019 Oval

Determinate

ME 35 g i} N AR
Nanxiadou 35 ’ Oval Big Determinate

M H T 38 % 9 M B N AR
Nanxiadou 38 ’ Oval Big Determinate

R4 99-6 ekt i WA R

90.1

Nannong 99-6 Medium Sub-indeterminate

Lanceolate

Hh Al B2 B SR E M BT 72 B

Oil Crops Research Institute of

3.6 98
Chinese Academy of Agriculture
Science
TR

1.8 110
Nanchong Academy of Agriculture
Science

2.4 126
vl NS

0.9 125

Nanjing Agricultural University

1.2 RIEHbHER

IRIF 2018 1 2019 4FAE 7Y 38 X 5 MK 56 /R
JEHEHb (31°7'54"N, 105°48'47"E ) #E 47, ¥ & 407 m,
HuFAF-AH HERE SR 0, S (B 1, R ), I
FHZ LR AR 1 b A HLFT 16.5 g-kg™' L & &
2.37 g-kg™' AW 0.98 g-kg ' AH25.4 g-kg '
WA, 155.4 mg-kg ™' AR 71. 6 mg-kg " FIH AR
121.34 mg-kg ™' o IRIGHRTHEVEY /N N WOk
J&  MUBCKAE e M FITFA
1.3 Kigit

IR N R X BT, XA (V) , 5
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FIFEAE 99-6 (V4 ) 5 &Il X Ay A 25 BE (D), 430 R A1
W (D) : {7 50 em, Bk B 10 em, % J§ 20
TRk -hm ™% (B B R DU 1] AR 2 X 9% K 5
M) s P B (D2) 478 40 em BEHE 10 em (2%
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Table 2 The effects of different planting densities on each growth stage days of soybean BAr.d
2018 2019
an i W BERARKY A A K 2HEFEH EFRARE A A K 2EFEH
Variety Density Vegetative Reproductive Whole growth Vegetative Reproductive Whole growth
period period period period period period
D1 35 63 98 36 64 100
V1 D2 36 62 98 37 64 101
D3 35 62 97 36 63 99
D1 44 66 111 42 67 109
V2 D2 45 66 111 43 67 110
D3 44 65 109 42 68 110
D1 43 83 126 43 80 123
V3 D2 43 82 125 42 81 123
D3 44 81 125 41 81 122
D1 42 83 125 40 82 122
V4 D2 41 84 125 41 82 123
D3 42 82 124 41 83 124

2.2 AREMEZENKEREEREOZNE
W1 BT, H DS/ DX R A 23R P AT 25
IR, A FhTE DI (fR% B ) T 09 T AE PR
LA iR E] 96.5% ~98.0% , H i Fha 2% 5K
35 A D1 2 D2, i Fl V1 V2 Fl VA B RTE FEAR R
AR RN BRI FRTE 95% L I, 5 D1 257 A
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The treatments followed by different lowcase are significantly different at 0. 05 probability level. The same below.

B 1
Fig. 1
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The effects of different planting densities on survival plant rate of soybean
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Table 3 The effects of different planting densities on agronomic traits of soybean

ARy s Gy P RS FEEE TR ﬁ;ﬁz/n\ﬁ
Year Variety Density Plant height/cm Battom pod Node number tnternode Hfective
height/cm length/cm branch number
D1 48.8+1.7 ¢ 13.8 0.5 i 12.9£0.5 ¢ 3.79£0.03 ¢ 3.5:0.5a
Vi D2 51.3£1.9 ¢ 14.221.0 12.7£0.3 g 4.05£0.06 f 3.4+0.4 a
D3 57.6+1.5f 16.5+1.5 hi 13.2+0.3 g 4.36£0.04 e 2.1£0.3 be
Dl 72.7+1.4e 25.7+1.8 ¢ 15.7+0.3 ¢ 4.63+0.04 cd  2.1+0.1he
V2 D2 73.9%1.8 31.8 1.8 be 15.5+0.4 ef 4.77£0.09 ¢ 2.0£0.3 ¢
D3 86.5+2.1c¢ 37.2+2.0a 14.9+0.4 f 5.8+0.04 a 0.7 0.2 ef
DI 79.4+2.14d 22.6+1.8f 18.1+0.4 cd 4.39+0.14 ¢ 2.4+0.3 he
2018 V3 D2 84.5+1.7 ¢ 27.2+1.5 de 18.4+0.4 ¢ 4.59 £0.05 d 2.6+0.5h
D3 98.7+1.8 b 33.1+2.4 b 17.5£0.5 d 5.65+0.22ab  1.4:0.3d
Dl 85.5+1.3 ¢ 18.7+2.0 gh 20.9+0.2 a 4.09 £0.05 f 1.2£0.2 de
V4 D2 87.3£2.1¢ 21.3£1.6 fg 20.5+0.4 a 4.26 £0.09 e 0.9 £0.2 def
D3 108.8 1.6 a 29.8 £2.5 cd 19.70.3 b 5.53+0.14 b 0.5+0.2f
v 1440.37*" 88.81°" 761.52* 159.53 " * 73.90* *
D 253.82" 114.96 " * 8.06" * 465.49 % * 52.27%*
VxD 11.38% " 7.08%* 3.33" 17.25% ¢ 1.92
Dl 52.9+1.2 h 14.320.9 ¢ 14.00.3 f 3.78 £0.03 g 3.1+0.4a
Vi D2 51.8+1.1h 14.120.8 ¢ 13.80.2 f 3.75£0.02 g 2.9£0.2a
D3 58.8+1.6¢ 17.5+1.4f 14.2+0.4 f 4.14 £0.08 f 2.2+0.3 he
2019
DI 72.0+1.6 f 26.8 +0.9 be 14.7+0.3 ¢ 4.90 £0.03 ¢ 1.920.2 cd
V2 D2 71.8+1.2f 29.1+1.9b 14.9+0.2 ¢ 4.82+0.03 cd  1.5+0.3 de
D3 81.2x1.74d 33.1:2.2a 12.9£0.2 ¢ 6.29+0.21 a 0.4£0.2 ¢
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gR3
gy S B B IR A PRI e
Year Variety Density  Plant height/cm Bottom pod Node number Internode Fifective
height/cm length/cm branch number
D1 75.5+1.2 e 23.5+1.0 de 18.1+0.3 ¢ 4.17 +£0.02 f 2.4+0.4b
V3 D2 80.5+1.4d 24.8 +1.7 ed 17.4£0.3 d 4.63 +0.14 de 2.0+0.2 be
D3 91.1+1.4b 29.5+1.8b 17.5+0.1d 5.21 +0.09 b 1.5+0.2 de
D1 84.5+2.1 be 21.8+2.0 e 19.1+0.4 a 4.42 +0.02 e 1.1 +£0.2 ef
2018 V4 D2 88.6+2.2 b 22.4+1.5 de 18.8 +£0.3 ab 4.71 £0.23 d 0.7+0.2 fg
D3 100.1 +2.1 a 26.8 +1.8 be 18.5+0.4 be 5.41 +£0.23 b 0.7+0.3 fg
A% 762.71 %% 102.88 * * 766.23* * 322.93** 102.53 % *
D 224.58 % * 45.22% % 15.24" % 171.23 % 41.29**
VxD 8.89 "% 11.67** 12.87** 3.14

] —FURCF R AR AR 0.05 /K F- 225 B3, ™7 43 5I3R7E0.05 A1 0. 01 K253 B3, T Il

The values within a column followed by different letters are significantly different at 0. 05 probability level; * and * *

the 0.05 and 0.01 probability levels, respectively. The same below.
2.4 AREIFIEDEX K SRR EHZ0E

W& 2 AR, 20 ) 8] ORI 250 7 4 &6 S 3
A, AN [R] hFpR]EAR Fe 2 7 B 2 (P <0.05)
FIH VI < V2 < V3 < V4 AN [a] % BE ] i B4R 4 22
S (P <0.05) , BEE % BN, £ 5 R E R
BIA AR EE R (B V1 i D2 kb3 | 45 5
FE DL (IR % B ) T f R R BAR, AL 2. 8% ~

2018 ::p1 D2 $$D3

551 i
g 50t
5 45¢ .
:0 40+
R 35¢ +4
o0 L +4
B4 i
~ 20! d 3¢
M 151 $3¢
K 10l $3¢ $3¢
290 e B g

0 Lz [izees

Vi V2
Ay Y

indicate significantly different at

7.5% H. AR 25 5 355 L DL F| D2, V1 1 V2
P EMR RIS /N, 5 DI 2R AR 2,10 V3,
V4 78 D2 TRy ERZ S DI A LA B3 T &, 50 1
IKF 14.9% F119. 8% , )\ D2 F| D3, A5 i Fh (5] £
YT R A AR R R B

B
n Hﬁl o

2019 :: p1 % D2 ¢ D3

g a5t .2
2 s b 13
ap [ Py
£ 30¢
:é’ %g c c 1331
%ﬂ_ 15 44| d 7
> ol 3 e e 7 e/
% 15- £ f £ 7 f’/j 7

0 B D 49 | Y

V1 V2 V3 V4

Sl Variety

A5 A BRI [R) /NG TR R AR AR BR E] £ 0. 05 /K225 3% .

The treatments followed by different lowercase are significantly different at 0. 05 probability level.

B2 AEMEZENKEERENZI
Fig.2 The effects of different planting densities on lodging rate of soybean
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prE A AR A 2R () 22 S AR 3 (P < 0.01) 5

AN [ 5 JEE 1] 1 7 B HC AR ol 1R 3% ] 22 57 Al 38 3 4
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Table 4 The effects of different planting densities on yield and its components of soybean
P . - HBRAT RUEAL BARRRLEL JERTATEE Bk INX R Fr
Vo Variety Densiy Pods number  Seeds number 100-seed Yield per Yield per plot Yield
per plant per plant weight/g plant/g /g /(kg +hm~?%)
D1 30.5+1.6 ¢ 63.7+2.4b 23.7+0.3 ¢ 14.6 0.8 be 4971 £149 ¢ 2825 £85 ¢
V1 D2 27.0+£2.0d 56.5+3.2cd 24.0x0.4 ¢ 13.0£0.9 de 5684 171 b 3230 £97 b
D3 20.4+£2.0e 42.6 £3.2 f 23.6 £0.3 ¢ 9.7+0.7f 4947 £ 149 ¢ 2811 £85 ¢
D1 30.9+1.9¢ 55.7+2.6 cd 25.9+0.5a 13.7£0.6 cd 4633 £139 d 2633 £79 e
V2 D2 28.7+2.1ed 51.6+3.0de 25.0+0.5b 12.4 £0.7 e 5003 +150 ¢ 2843 £85 ¢
D3 21.0x1.6 e 37.8+1.9¢ 25.9+0.4 a 9.3+0.4f 4337 £130 e 2464 £74 e
D1 43.9+1.9 a 72.4 £3.4 a 23.8+0.4 ¢ 16.6£0.6 a 5536 £166 b 3146 £95 b
2018 V3 D2 35.4x1.6b 58.4+1.5¢ 23.5+£0.5 ¢ 13.1 0.6 de 5169 £ 155 ¢ 2937 £88 ¢
D3 28.5+1.7cd 47.1£3.3 ef 22.8£0.4d 10.2£0.7 4229 £127 e 2403 £72 d
D1 30.1£1.1ed 70.2%2.5a 21.8+0.5 e 15.0+0.3 b 5216 £157 ¢ 2964 £89 ¢
V4 D2 29.2+2.1ed 68.1x2.7ab 21.4+0.3 e 14.5+0.7 be 6003 =180 a 3411 £102 a
D3 22.4+1.8 e 52.3+3.44d 19.2+0.4 f 9.6+0.6 f 4659 +140 d 2647 £80 d
v 56.83 " " 48.88 " * 173.84 " * 8.84"" 86.42" " 86.62" "
D 114.71** 166.51* * 17.33** 231.14** 84.88" " 85.01* "
VxD 3.52" 2.71 10.86 " * 4.00 * 11.137* 11.14"~
D1 33.2+1.8b 63.4+2.6cd 22.6+0.4c¢ 13.6 0.8 be 4525 173 ef 2571 £99 ef
Vi1 D2 29.8 1.8 cde 56.9x1.6e 21.9+0.5 ¢ 11.9£0.5 de 5047 £202 ab 2868 £ 115 ab
D3 23.9+1.8gh 45.7x2.2f 22.3+£0.3 ¢ 9.8+0.6 fg 4638 139 de 2635 79 de
D1 31.8+1.7bec 55.7x1.9e 24.1+0.4 b 12.7 0.7 ed 4319 £ 134 fg 2454 £76 fg
V2 D2 26.8 1.2 efg 46.7x1.5f 23.9+0.5b 10.8 +0.4 ef 4691 £ 141 cde 2665 +£81 cde
D3 22.2+2.1h 38.9+3.6¢g 25.5+0.5 a 9.2+0.7 ¢ 4219 +£126 gh 2397 72 gh
D1 38.2+1.7 a 70.3+£2.4 b 22.4+0.7 ¢ 15.1+£0.6 a 4968 +169 abe 2823 +96 abc
2019 V3 D2 31.7+£2.7bec  59.6+6.5de 22.1+0.2¢ 12.5+1.5 cd 4905 +148 bed 2787 +84 bed
D3 25.9+1.7 fg 47.6 £2.5 22.6 0.5 ¢ 10.1 0.7 fg 3962 £ 119 h 2251 £68 h
D1 32.7+1.0be  75.9%3.3 a 19.2+£0.4 ¢ 14.1 0.6 ab 4760 =143 cde 2704 81 cde
\Z D2 28.7+1.0def 66.6+2.0bc 19.3+0.5de 12.4+0.7 cd 5195 +193 a 2952 +110 a
D3 21.7+1.2 h 50.3+£2.9f 20.1+0.6d 9.7+0.7 fg 4527 +134 ef 2573 £76 ef
v 11.65" " 51.30"* 135.18* " 9.39" " 15.30" " 15.28* "
D 132,11~ 140.66 * * 9.48" " 89.80" " 45.20" " 45.08 "
VxD 0.93 1.74 2.17 0.68 7.05%* 7.03% "

2.6 EXMESH

KRG AR #r (e 5) T LA
7R PRI AR 3R | SR JORT B R S A
TEARSE (A 26 R 5043 514 0. 662,0. 678 F1 0. 636;
P <0.01) , FeBAH = B AR R GG 2R | B RRORE 20N R
RRE L PR UL B AR 5 7 S R IR e
SR REIGIRSE 3 & AR P IPSEN i &)
-0.547, 0. 604 Fil - 0. 717; P <0. 01) ; FE WAk

ST B SR AT 15 I 1 K 2 55 7
TE I KT AR e 5 5 R 6 5 B35 61
CHIX R - 0. 843P <0.01) TR 15 b
B R TR K B I (MR
o)k 0. 767 ,0. 647 F10. 853 ;P <0.01) , FHAAH
FLSRBS T b5 B 25 MR P 1 K e
K S ] — 5 B 2 5 88, 291D
K A5 R BRI
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Table 5 The correlation analysis of plant agronomic and yield traits of soybean
pw ff Bk B W EETHR ff; AT mﬁfgﬂ MRS R HR
Trait LR PL BPH NN EB SNP 100-SW SWP
SPR AIL APP
BUYRR LR -0.778* "
P PL -0.575"*  0.767"*
IAYERS BPH  -0.740* " 0.647** 0.697**
FEHHNN -0.09 0.324 0.799** 0.248
SEHASE ATL -0.844 "% 0.853** 0.716** 0.894**  0.162
B EB 0.4367 " -0.694"* —0.799** —0.579"* -0.610"* —0.641"**
HBRARE AP 0.345%  -0.452** -0.021  -0.134 0.291  -0.370* 0.418*
PARRRIELSNP  0.653 %% —0.502** -0.061  —0.486**  0.466** —0.655** 0.265  0.762**
I 100-SW  0.058 0.459** -0.502** 0.131  -0.620** -0.029  0.401* 0.096  -0.309
HBRRITE SWP 0.720%* -0.716** -0.279  —0.484**  0.234  —0.718** 0.453** 0.832** 0.930**  0.057
FEEY 0.662** -0.547** -0.313  -0.604** 0.176 -0.717** 0.275  0.398*  0.678** -0.226 0.636"*

FHORAE 0.05 KPS RE ;T FRE 0.01 AP ZEFBE,

SPR. Survival plant rate ; LR. Lodging rate ; PL. Plant height ; BPH. Bottom pod height; NN. Node number; AIL. Average internode length ; EB. Effective

branch number; APP. Available pods number per plant; SNP. Seeds number per plant; 100-SW. 100-seed weight; SWP. Seeds weight per plant; Y. Yield;

*and * *
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indicate significantly different at 0.05 and 0.01 probability levels,respectively.
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