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Response of Summer Soybean Yield to Environment and Main Characteristics of
High-yield Varieties
HU Guo-yu', LI Jie-kun', WANG Da-gang' , WU Qian', WANG Wei-hu', YU Guo-yi*, HUANG Zhi-ping'

(1. Crop Institute of Anhui Academy of Agricultural Sciences/ Anhui Key Lab of Crops Quality Improving, Hefei 230031, China; 2. Anhui Longkang
Farm of Land-Reclamation, Bengbu 233426, China)

Abstract: To understand the effects of the growth environment on summer sowing soybean yield, and main characters of high-
yield varieties, the field experiments were conducted in Mengcheng, Funan and Longkang. The yield of summer soybean un-
der different environment, and the agronomic traits, quality and adaptability of high yield soybean varieties were studied. The
results showed that; (1) The difference of yield among the locations, the years and the varieties, reached the extremely signif-
icant level. The variance of locations accounted for 15. 75% of the total variance, the variance of years accounted for 6. 48% ,
and the variance of varieties accounted for 24.90% . The yield of Mengcheng was the highest among the three experimental
locations, but that of Longkang was the lowest, and the difference of yield of two locations was between 343. 63 —1 133.28 kg+ha ™",
reached the extremely significant level every year. (2)There were 14 cultivars with average yield of more than 2 700. 00 kg-ha ™'
at each year. Eleven of which were semideterminate growth habit, three were determinate growth habit, and the yield of the
first four were all semideterminate growth habit. In the high-yielding varieties, the mean value of the reproductive period and
the number of seeds per plant of the semideterminate growth habit varieties were higher than those of the determinate growth
habit varieties, but the pod height and 100-seed weight were less than that of the determinate growth habit varieties. Compared
with the common varieties: the average reproductive stage, node numbers of main stem, seed weight per plant and seed fat
content of high-yield soybean varieties were all higher than those of common varieties (1 =2.94" " ; +=3.23""; +=2.87"";
t=2.89"") , and the seed protein content was lower than that of common varieties (1 =2.98""). (3) Fourteen high-yield-
ing soybean varieties were screened out. Among them, Gaofeng 1, GR8836, Tiegan 1 and Zhongpin 661 with yield top four,
all had wide adaptability. And the high yield varieties had better yield and adaptability in Mengcheng . Unfavorable growth en-
vironment was one of the main limiting factors of soybean yield in Huanghuaihai summer sowing ecological area. Optimization
of cultivation techniques and with high-yielding varieties, can play a role in stable production. High yield soybean varieties

generally have the characteristics of longer reproductive period, more main stem nodes, larger grain weight per plant and high-
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er fat content. Semideterminate growth habit varieties in the experiment showed better yield potential and wide adaptability,

and should be given more attention.

Keywords: Summer Soybean; Yield; Environment; High-yield varieties; Characteristics
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Table 1 Basic situation of each experimental location
I 2N i +- 1ty FE R Sowing time (month — day)
Location Longitude Latitude Soil type 2012 2013 2014
ELE Funan 115.6 32.6 [F 3 06 -21 06 —20 06 -29
67T Longkang 116. 6 33.3 LBt 06 -27 06 - 19 06 -26
223k Mengcheng 116.9 33.1 WEEL 06 - 13 06 -11 06 -11
1.3 HEHH K&,

iZ ] DPS 14.5 K SPSS 17. 0 853t %44 ge47 ik
L% G OES WA R T

2 #ER5HH

2.1 ARMETXKERMN~E

ZHR N 50 7y K S A AE 3 4F 3 AN s i P
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XT3 AE 3 i e E A T 22 00 (3R 2) iR
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Table 2 Variance analysis of soybean varieties yield under different growth environment

K2 ARERRMETAERMHTEFESH

75 53R Variation source SS df MS F Prob.

AEf Year 9.61 2 4.80 130. 65 0.00

Hi & Location 23.34 2 11. 67 317.38 0.00

b5 x 405 Location X Year 9.15 4 2.29 62.24 0.00

SRl Variety 36.90 49 0.75 20. 48 0.00

S Bl x AE4y Variety x Year 9.54 98 0.10 2.65 0.00

Hb 5 x i Fh Location x Variety 9.81 98 0.10 2.72 0.00

Hi 5 x A x 4E 5 Location x Variety X Year 12.24 196 0.06 1.70 0.00

AR RN AT R AE 0 1) 7= F e 2 SR R 0 . g
19,50 1 KOG S AP S 2472 5, 2012 12013 4R T
2014 4, =50 W 3% . e Tt A ,2012 F12013 409

AT R RS SR TT A, R 2012 AR PR R R,
2014 AFE =BG, SRR AY 3 A3 e AR 4y R] 22
SARE(FRA), B SFEHME 3 AR E

SRR W T 2014 AF SN, 2012 4R KPR R IR
RAR,2014 S fe i AR E) P R 2 R ARE . 3
*3 AREMRREHFELLER
Table 3 Yield comparison of different years between experimental locations
AE0Y 12 ] ¥ i {H wEM
Year Location Difference/ (kg+hm ~2) t value Significance
2012 ELF§ - J8 7T Funan-Longkang 289.36 " * 3.57 0. 00
R - 223 Funan-Mengcheng -154.27* -1.83 0.02
JETT — 329K Longkang-Mengcheng —443.63* " -4.57 0. 00
2013 B.5§ - 7T Funan-Longkang 6. 30 0.07 0.94
B - 223 Funan-Mengcheng -337.18** -3.38 0. 00
JETT - 529k Longkang-Mengcheng ~343.63* " -3.24 0. 00
2014 B — J57C Funan-Longkang 145.28 1.71 0. 09
B - 525, Funan-Mengcheng -988.16** -10.48 0. 00
JETT - 529k Longkang-Mengcheng ~1133.28** -10.04 0. 00
x4 AEXSEMRERHFTELER
Table 4 Comparison of yield of locations between years
Y A0y 1) ¥l BEE
Location Year Difference/ (kg+hm ~2 t value Significance
ELF Funan 2012 -2013 135.23 1. 86 0.07
2012 -2014 688.31" " 11. 14 0.00
2013 -2014 552.92** 7.94 0. 00
7T Longkang 2012 -2013 —-147. 68 -1.57 0.12
2012 -2014 544.08 " * 5.46 0. 00
2013 -2014 691.90 " * 6.93 0. 00
5%, Mengcheng 2012 -2013 -47. 68 -0.44 0. 66
2012 -2014 —-145.43 -1.32 0.19
2013 -2014 -97.90 -0.83 0.41
2.2 BRI R L BT S T 4 320 4 P T AT B T P

34F 3 AR N XT3 PR 130 ke,
Pra e a2 700. 00 kg - hm 2 f K &AL FlA 14
By Ho P 1T R AT R K I3 G A B K

F(ES) .

14 3=

FER G R A I AE 98.5 ~
104.7 d, £ B (A B K 300) 76 62.7 ~72.8 d;11
1 A FRAE R 2T PR i A A fe 1 67. 0 d L,
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Table 5 The main characteristics of 14 high-yield soybean varieties
- HIR A i 53 EZE AR R R BE Fuk mk X P Bl HEiR EK
1 M TR kD R0 R R RiE F UE S S B
Variety VP/d RP/d PH/cm HFP/em NNMS  EB ppP SP  SPP SWP/g SW/g PY/kg PC/% ¥FC/% TCPF/% GH
E#E 1 5 Gaofeng 1 31.2 71.5 101.0 9.6 20.0 1.4 43.5 103.6 2.3 16.0 16.6 1.56 40.6 22.6 63.2 NI
GR8836 GR8836 29.7 71.7 74.5 11.2 17.2 0.7 38.7 78.4 2.1 13.3 14.9 1.54 39.5 22.6 62.1 0|2
#FF 1 5 Teigan 1 31.3 70.2 86.3 10.4 17.4 0.6 29.9 654 2.3 10.8 15.8 1.48 40.3 22.7 63.0 D14
H1 i 661 Zhongpin 661  32.0 69.5  97.1 10.0 19.5 0.8 41.5 90.6 2.3 153 16.3 1.46 40.0 22.8 62.8 pIA
1L & 14 Liaodou 14 30.3 67.7 73.2 7.9 16.1 1.1 38.1 91.6 2.4 13.3 151 1.44 39.0 22.6 61.6 DI
% 31 Tiefeng 31 31.3 68.8 67.1 8.2 15.5 0.5 32.3 68.5 2.2 10.6 16.6 1.44 40.1 22.2 62.3 DI
¥ 5 28 Jindou 28 31.7 70.3 100.8 7.5 197 0.9 44.4 97.8 2.2 13.5 14.0 1.42 38.5 23.4 61.9 A
B K 74 Jinda 74 34.0 70.7 98.6 13.8 19.2 0.6 32.4 73.2 2.3 12.6 17.9 1.41 40.4 22.5 62.9 DI
#: 5 8 5 Xudou 8 31.8 72.8 87.7 9.0 17.7 1.0 37.8 84.8 2.3 14.4 17.5 1.37 41.1 21.6 62.7 N2
H1# 13 Zhonghuang 13 34.5 64.5 50.5 12.2 14.7 0.5 22.1 451 2.2 11.5 23.5 1.37 42.1 21.5 63.6 el
#£ 90007 Zheng 90007 37.7 62.7 76.5 15.9 17.7 1.6 51.7 113.3 2.2 19.0 17.3 1.36 41.2 21.8 62.9 A
15t 30 Jinyi 30 32.2 68.7 69.7 9.4 16.4 1.2 34.9 70.5 2.1 13.0 19.1 1.36 40.1 23.3 63.4 N2
522 Jindou 22 32.3 68.5 98.8 10.5 20.1 1.7 41.8 91.1 2.2 151 16.4 1.35 40.3 23.1 63.4 N4
i & 13 Hedou 13 36.3 65.5 48.7 1.6 145 0.3 22.7 480 2.1 9.8 21.5 1.30 42.3 21.3 63.6 A

VP Vegetative period; RP: Reproductive period; PH: Plant height; HFP . Height of first pod; NNMS: Node numbers of main stem; EB . Effective
branch; PP: Pods per plant;SP: Seeds per plant; SPP: Seeds per pod; GWP: Seed weight per plant; SW: 100-seed weight; PY: Plot yield; PC:Protein

content; FC. Fat content; TCPF; Total content of protein and fat; GH: Growth habit.
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Table 6 Statistical parameters and comparison of main characters of different yield soybean varieties
PER = FHE b2 A8 S 5 5 R {8
Character Type Mean SD Variation range CV/% t value
ERAERY #i 7= High yield 32.60 2.26 29.67 ~37.67 0.07
Vegetative period/d 3@ Common 33.82 2.83 30. 17 ~40. 17 0. 08 1.45
A hE AR 7 High yield 68.79 2.89 62.67 ~72.83 0.04
Reproductive period/d 3@ Common 65.70 3.47 60. 00 ~71. 00 0. 06 2.94"*
= =77 High yield 80.75 17.91 48.72 ~101. 02 0.22
Plant height/cm 3@ Common 70. 09 15.49 43.80 ~118.23 0.22 2.08 "
LY =177 High yield 10. 49 2.32 7.48 ~15.90 0.22
Height of first pod/cm 5@ Common 12.93 3.10 7.66 ~22.18 0.24 2.65"
FZEH =177 High yield 17.55 1.93 14.52 ~20. 13 0.11
Node numbers of main stem 38 Common 15.50 2.03 11.63 ~19.57 0.13 3.23"*
RS 277 High yield 0.91 0.43 0.30 ~1.72 0. 48
Effective branch 3H Common 1.04 0.47 0.32~2.30 0.45 0. 86
PR IR =7 High yield 36. 56 2.20 22.13 ~51.72 0.23
Pods per plant 3@ Common 32.98 6.23 24.67 ~53.78 0.19 1. 66
R 57" High yield 80. 15 19. 81 45.10 ~113.34 0.25
Seeds per plant 5@ Ordinary 66. 34 12.76 48.48 ~99. 82 0.19 2.42°
T ERIEL &7 High yield 2.22 0.10 2.06 ~2.37 0.05
Seeds per pod 238 Common 2.13 0.20 1.74 ~2.53 0. 09 2.10*
JEER 3 VAN =177 High yield 13.45 2.44 9.83 ~19.05 0.18
Seed weight per plant/g 358 Common 11. 54 1.96 7.43 ~15.35 0.17 2.87*%*
AR E 7 High yield 17.33 2.58 13.98 ~23.53 0.15
100-seed weight/g 3@ Common 18. 50 3.03 12.47 ~24. 87 0.16 1.27
EH 7 High yield 40. 40 1. 05 38.53 ~42.28 0.03
Protein content/ % 3@ Common 41.57 1.36 37.30 ~45.05 0.03 2.88" "
i5iA =77 High yield 22.42 0. 66 21.33 ~23.38 0.03
Fat content/ % 3@ Common 21.74 0.74 20. 00 ~23. 02 0.03 2.98" "
2.3 BEASSMERARE TERERIEMME  B/NK=EN 172 ke, 1475543 583.33 ke+hm
7 A it Bl B 72 S RAECH 4. 247 ~17. 600, 725 5 52 4L
XPIREH 14 Gy @ 2= S AR EEAT RS P AGE B /NS R L 6615 R 1 S AT 1 S R i 661 K
O (ERT) o 14 i RELA RN 2012 4 /N X k3 31,4 AR AE 3 A1 d X SR BB 1) 1 =

PRl 1. 44 ke, ra 7 HEE3 000. 00 kg hm =2, pR 4
EAEFE 1S, FH/NX =5 1,60 kg, Iré ™
183 333.33 kg-hm ;14 {3 5 Rl = R A2 5 R BN
3.197 ~19. 197 , A5 R R EE /N S Fh % 5 22 75
351 S AT 1S o 661 45 9 AN RS B4R 3

TR, R TR 7 N E N R . 2013 4R,
144 Al 3 AR SE N X R 151 ke, A
PR3 145,83 kg-hm PR E N EFE 15, F

FIAE B M5 GR8836 119 3 mi ¥ /NX ik &) T
1. 69 kg, 7E S8 A R I A IE R P . 2014 4F 14 4y
a3 A iﬁ,mEl’J/J\I_BFﬁJFﬁEﬁI 30 kg, Ir 5™
12 708.33 kg - D RRENET R T4, N
1.43 kg, %ﬁAFﬁEZ 979.17 kg+hm 2514 3 5 /N
X i 1 A8 S R AL 5. 535 ~26. 675,748 7 R A
ISR 225 R Y 661 . GR8836 5 & 28 | Bk AT
1 S48 AN Fh R BE B 3 ik 4, Hoh GR8836
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Table 7 Yield and adaptability of high yield soybean varieties in different years at each experimental location
fn A FLFg Funan J&JC Longkang S0 Mengcheng (7% BRFAR EEXE ZETH

Variety R1 R2 R3 R1 R2 R3 R1 R2 R3 M \Y CV/ % SR CA
2012 AT 1 5 Tiegan 1 .69 1.63 1.71 1.35 1.75 1.30 1.45 1.35 2.05 1.59 0.005 4.261 El1 ~E3 R4t
i 661 Zhongpin 661 1.64 1.06 1.48 1.35 1.65 1.35 1.50 1.75 1.55 1.48 0.010 6.683 El ~E3 I
5 22 Jindou 22 .51 1.23 1.59 1.45 1.35 1.35 1.70 1.55 1.55 1.48 0.002 3.197 El ~E3 bt
5 28 Jindou 28 1.62 1.35 1.06 1.45 1.40 1.10 1.60 1.55 1.45 1.40 0.004 4.628 ~E3 uf
15t 30 Jinyi 30 1.74 1.36 0.87 1.50 1.35 1.50 1.65 1.60 1.65 1.47 0.021 9.919 El ~E3 4t
K 74 Jinda 74 1.50 1.38 1.01 1.45 1.60 1.35 1.45 1.50 1.40 1.40 0.026 11.476 E2 —
L5 14 Liaodou 14 1.91 1.45 1.26 1.35 1.35 1.10 1.50 1.20 1.25 1.37 0.022 10.791 El — %
23 31 Tiefeng 31 1.71 1.66 1.39 1.35 1.30 1.15 1.55 1.40 1.15 1.41 0.022 10.538 EI ~E3 I
GR8836 GR8836 1.80 1.24 1.39 1.55 1.40 1.10 1.75 1.90 1.55 1.52 0.010 6.742 ~E3 R
A1 13 Zhonghuang 13 1.77 1.40 1.30 1.05 1.10 1.10 1.20 1.55 1.50 1.33 0.018 10.161 El —
8 &2 13 Hedoul3 1.50 1.45 1.21 1.10 1.10 1.25 1.15 1.40 1.40 1.28 0.005 5.650 El ~E3 B
EFE 15 Gaofeng 1 1.45 1.83 1.26 1.55 1.65 1.35 1.70 1.85 1.80 1.60 0.010 6.337 ~E3 Ry
#£ 90007 Zheng 9007 1.04 1.54 1.06 1.00 1.40 1.40 2.05 1.95 1.50 1.44 0.076 19.197 E3 B
#: % 8 5 Xudou 8 1.15 1.72 0.75 1.50 1.40 1.30 1.65 1.35 1.55 1.37 0.030 12.571 E2 —
2013 BRAT 1 5 Tiegan 1 1.48 1.75 1.60 1.30 1.75 1.30 1.55 1.60 1.65 1.55 0.009 5.989 El ~E3 Jiae
Hr il 661 Zhongpin 661 1.72 1.42 1.15 1.65 1.65 1.10 1.40 1.85 1.9 1.54 0.004 4.260 ~E3 Ut
& 22 Jindou 22 1.65 1.14 1.33 1.30 1.15 1.00 1.50 1.90 1.95 1.43 0.055 16.343 E3 —
¥ 5 28 Jindou 28 1.86 1.66 1.56 1.50 1.35 1.35 1.15 1.25 1.60 1.47 0.067 17.600 El — %
35t 30 Jinyi 30 1.30 1.14 1.14 1.05 1.25 1.55 1.40 1.95 1.90 1.41 0.043 14.772 E3 —
K 74 Jinda 74 1.40 1.08 1.26 1.40 1.25 1.10 1.35 1.95 1.85 1.40 0.031 12.632 E3 — 8
L5 14 Liaodou 14 1.76 1.99 1.42 1.45 1.65 1.55 1.25 1.90 1.20 1.57 0.047 13.827 El W
23 31 Tiefeng 31 1.71 1.37 1.47 1.60 1.40 1.00 1.30 1.95 1.80 1.51 0.011 6.914 El ~E3 4t
GR8836 GR8836 1.73 1.61 1.15 1.80 1.65 1.45 1.65 2.30 1.85 1.69 0.019 8.264 E3 W
1 13 Zhonghuang 13 1.69 1.47 1.30 1.15 1.40 1.55 1.50 1.35 1.50 1.43 0.010 6.820 El —
5. 13 Hedou 13 1.19 1.20 1.26 1.40 1.20 1.40 1.50 1.45 1.85 1.38 0.013 8.167 E3 — 8
EFE 15 Gaofeng 1 1.58 1.64 1.53 1.80 1.70 1.55 1.65 1.80 2.20 1.72 0.005 4.247 El ~E3 REF
# 90007 Zheng 90007 1.58 1.14 1.51 1.80 1.55 1.20 1.65 1.90 1.85 1.57 0.013 7.370 E3 Bl
#: 5 8 5 Xudou 8 1.31 1.44 1.20 1.60 1.65 1.65 1.55 1.15 1.95 1.50 0.029 11.302 E2 W
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gR7
i F.H Funan JEJC Longkang SOk Mengcheng  IfH U5 EHRFRE EEHNXE ZEITH
Variety R1 R2 R3 R1 R2 R3 R1 R2 R3 M v CV/% SR CA
2014 ZkFF 1 5 Tiegan 1 1.19 1.07 0.96 0.72 1.38 1.26 2.00 1.50 1.65 1.30 0.007 6.630 EI ~E3 s
ffh 661 Zhongpin 661 1.08 1.03 1.00 1.02 1.44 1.44 1.80 1.55 1.85 1.36 0.029 12.459 EI ~E3 Ry
.22 Jindou 22 0.94 1.17 0.78 0.96 0.72 1.02 1.60 1.30 1.75 1.14 0.004 5.535 El ~E3 b
¥ 1728 Jindou 28 1.24 1.03 1.30 1.20 1.14 1.20 1.80 1.90 1.80 1.40 0.007 6.110 EI ~E3 Ry
1% 30 Jinyin 30 0.92 1.09 1.10 1.14 1.14 0.96 1.05 1.50 1.80 1.19 0.008 7.437 El1~E3 b
H K 74 Jinda 74 1.05 1.15 1.17 1.14 1.50 1.08 1.90 2.05 1.80 1.43 0.026 11.227 E3 b
I 5 14 Liaodou 14  1.28 0.90 1.08 1.50 1.50 0.48 1.95 1.95 1.75 1.38 0.026 11.725 E3 By
=E 31 Tiefeng 31 1.06 1.05 0.93 1.50 1.26 1.14 2.05 1.8 1.70 1.39 0.045 15.254 E2,E3 b
GR8836 GR8836 1.30 0.98 1.10 1.38 1.56 1.26 1.90 1.70 1.60 1.42 0.030 12.186 E1~E3 Ry
H1$% 13 Zhonghuang 13 0.89 1.00 1.21 0.78 1.26 1.20 1.75 2.15 1.75 1.33 0.037 14.427 E3 By
8 2 13 Hedou 13 0.96 0.97 1.13 0.78 1.02 1.44 1.60 1.55 1.75 1.24 0.006 6.241 El ~E3 b
HF 15 Gaofeng 1  1.08 1.14 1.10 1.08 1.08 0.96 1.80 2.10 1.80 1.35 0.034 13.581 E3 Bty
#8 90007 Zheng 90007 1.08 0.90 1.12 1.08 1.02 1.20 0.85 1.15 1.30 1.08 0.080 26.275 E2 — %
x5, 8 %5 Xudou 8 1.48 1.02 1.00 1.02 1.26 1.08 1.70 1.40 1.25 1.25 0.014 9.442 El1~E3 b

El 2R BRI A B2 R BTk IR A B3 2R SRt I mi

El :Nanfu; E2:Longkang; E3: Mengcheng;R: Repeat; M: Mean; V. Variance; CV: Coefficient of variation; SR; Suitable region; CA; Compre-
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