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Abstract: Kebai Area, located in the west part of Heilongjiang Province, is an important soybean producing region in the
northeast China. Natural disasters especially drought stress and chilling in spring occurred frequently and usually caused late-
or even re-planting in Kebai Area. Therefore, to select varieties with suitable maturity groups and yield is important for
soybean production under delayed planting environments in this area. In the current study, 14 soybean varieties belonged to
MG 000, MG 00 and MG O were evaluated based on the performances in growth periods, agronomic traits and yield
components in the date-of-planting experiments (May 11, May 21, June 2, June 11 and June 22), in order to select soybean
varieties for different sowing dates in this area. The results showed that, along with the delay of sowing dates, the number of
days from sowing to emergence (VE) , days from VE to beginning bloom (R1), days from R1 to full maturity (R8) and days
from VE to R8 were all shortened. The plant height and the number of nodes on main stem of the tested varieties were
increased along with the delay of sowing dates except the normal planting date ( May 11). However, the 100-seed weight of all
tested varieties decreased with the delay of sowing dates. Among the tested varieties, Heihe 35 was more sensitive than others
in 100-seed weight, i. e. , 0. 15 g decrease for each day delay when late-planted. The relationship between yield and planting
dates were complicated. Seven out of 14 varieties yielded highest in the normal planting date, but another 7 including the local
widely-planted variety of Keshan 1 yielded higher in late-planting (early to mid-June) than in early-planting. Huajiang 4
(MG-0.2) and Keshan 1 (MG 0. 3) were high and stable in yield in different sowing dates, so they were recommended as the
ideal varieties for late-planting in this region. Huajiang 2 (MG-0.5) and Heihe 51 (MG-0.5) can be used as alternative
varieties for late-planting because they performed also stably in yield. Heihe 35 (MG-1.1) and Heihe 49 (MG-1.2), two
super-early maturing varieties can be planted as late as in late-June. Rainfall distribution is the major environmental factor
affecting soybean yield in Kebai Area. To efficiently use the natural precipitation in soybean production, it is imperative to
make the rainy season overlap with the flowering period of soybean.
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Table 1 Maturity groups of the tested varieties

g T H AR A A H W AR A W2 0E

Variety Adapted temperature belt Maturity group (MG) Relative MG value
0 49 Heihe 49 SRR MG 000 MG-1. 2
0] 35 Heihe 35 SN BURAY MG 000 MG-1. 1
B 25 Heihe 25 E vV b MG 000 MG-0. 7
JEIAT 33 Heihe 33 SRR MG 000 MG-0.7
4E35 2 % Huajiang 2 S A MG 000 MG-0. 5
JBIAT 51 Heihe 51 AR MG 00 MG-0. 5
H 29 Heihe 29 o FBURA MG 00 MG-0. 4
] 45 Heihe 45 o AR MG 00 MG-0. 3
B3] 50 Heihe 50 5 AR MG 00 MG-0. 2
4E4% 4 5 Huajiang 4 5 AR MG 00 MG-0. 2
SBR[ 53 Heihe 53 2 BRAY MG 00 MG-0. 1
B 43 Heihe 43 2 D BR AT MG 0 MG 0.0
AT 38 Heihe 38 eI A it MG 0 MG 0.2
71| 1 % Keshan 1 o5 DU AR A MG 0 MG 0.3

SR AR R A B I M U g N BB S, TR

The varieties were arranged based on their relative maturity group ( MG ) value!'?! from small ( early-maturing) to large (late-maturing). The same in

the following tables.
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Fig. 1 The rainfall distribution in the experimental site from May to September in 2011
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Table 2 The dates of emergence( VE) , beginning bloom( R1) and full maturity ( R8)

of soybean varieties under different sowing dates

. Y/ (A -H) TS/ (- H) W/ (- H)
i A VE/ ( month-day) R1/( month-day) R8/ ( month-day )
Variety

5-11 5-21 6-2 6-11 6-22 5-11 5-21 6-2 6-11 6-22 5-11 5-21 6-2 6-11 6-22

SB[ 49 Hethe 49 5-25 5-31 6-9 6-15 6-26 6-25 7-1 7-6 7-11 7-22 8-25 8-28 8-30 9-6 9-12
My 35 Heithe 35 5-25 5-31 6-9 6-15 6-26 6-25 7-1 7-7 7-12 7-22 8-27 8-30 9-2 9-6 9-13
BT 25 Heihe 25 5-25 5-31 6-9 6-15 6-26 6-25 7-1 7-7 7-12 7-22 8-28 8-31 9-3 9-7 9-12
PE] 33 Heihe 33 5-25 5-31 6-9 6-15 6-26 6-29 7-3 7-9 7-14 7-24 8-30 9-1 9-4 9-7 9-25
4£5i 2 5 Huajiang2 5-25 5-31 6-9 6-15 6-26 6-25 7-1 7-6 7-11 7-21 9-6 9-8 9-9 9-15 9-24
M) 51 Heihe 51 5-25 5-31 6-9 6-15 6-26 6-28 7-2 7-9 7-14 7-24 9-4 9-6 9-8 9-14 9-26
A 29 Heihe 29 5-25 5-31 6-9 6-15 6-26 6-28 7-2 7-9 7-13 7-23 9-5 9-7 9-11 9-15 9-25
SB[ 45 Hethe 45 5-25 5-31 6-9 6-15 6-26 6-28 7-2 7-9 7-14 7-24 9-6 9-8 9-13 9-18 9-28
9] 50 Heihe 50 5-25 5-31 6-9 6-15 6-26 7-1 7-4 7-11 7-15 7-25 9-6 9-8 9-10 9-16 9-23
1E5% 4 5 Huajiang4 5-25 5-31 6-9 6-15 6-26 6-27 7-2 7-9 7-14 7-23 9-7 9-8 9-10 9-15 9-24
SB[ 53 Hethe 53 5-25 5-31 6-9 6-15 6-26 6-27 7-2 7-10 7-14 7-24 9-5 9-8 9-10 9-16 9-26
M) 43 Heithe 43 5-25 5-31 6-9 6-15 6-26 6-28 7-2 7-9 7-14 7-24 9-8 9-9 9-13 9-18 9-28
LA 38 Heihe 38 5-25 5-31 6-9 6-15 6-26 6-28 7-3 7-10 7-15 7-24 9-5 9-8 9-13 9-20 9-28

Filli 15 Keshan1 5-25 5-31 6-9 6-15 6-26 6-26 7-2 7-10 7-14 7-25 9-9 9-11 9-15 9-21 9-27

R RN R W B B A WA AR

The results in this table was the mode dates (repeated most) for the developmental stages.

®3 REBYSEZELAFMRMKPLERIEATRE

Table 3 Linear regression equations between delayed sowing days and the major developmental periods (d)
h A T 2 ITTE H AL FFAEZ R H L HH R 2R A H B
Variety Day from VE to R1 Day from R1 to RS Day from VE to R8
Y[ 49 Heihe 49 y=-0.14x +31.20 0.85" y = —0.18x +60. 40 0.82" y=-0.31x+91.70 0.93* "
3] 35 Heihe 35 y=-0.13x+31.40 0.94%* y=—-0.23x +62. 60 0.99** y = —0.36x +94.00 0.99"*
Y[ 25 Heihe 25 y=-0.13x +31. 40 0.94" " y=-0.27x +64. 00 0.97"* y=-0.40x +95. 40 0.99" "
HAyn] 33 Heihe 33 y=-0.17x +34. 60 0.96" " y = -0.01x +60. 00 0.02 y= —0.20x +94. 60 0.43
1E55 2 5 Huajiang 2 y=-0.16x +31. 40 0.92" y=-0.18x +71. 40 0.78* y=-0.35x+102.90 0.90
AT 51 Heihe 51 y=-0. 14x +33.60 0.97" " y= -0.12x +66. 70 0. 46 y = —0.26x +100. 30 0.76
3] 29 Heihe 29 y=-0.17x +33.80 0.99** y= —0. 14x +68. 40 0.91*% y = —0.32x +102. 20 0.97**
Y[ 45 Heihe 45 y=-0.14x +33. 60 0.97"" y=-0.10x +69. 20 0.80" y=-0.24x +102. 82 0.92°
3] 50 Heihe 50 y=-0.19x +36. 40 0.97** y = —0. 16x +66. 90 0.81" y=—-0.36x+103. 30 0.95**
1E55 4 5 Huajiang 4 y=-0.14x +33.20 0.99"* y=-0.22x +70. 40 0.81" y=-0.36x+103.70 0.93**
PEYA[ 53 Heihe 53 y=-0.12x +33.20 0.97" " y = -0.16x +68. 90 0.62 y=-0.28x +102. 10 0.87"
i 43 Heihe 43 y=-0.14x +33.60 0.97** y = -0.14x +70. 80 0.80" y=—0.29x +104. 40 0.90"
[ 38 Heihe 38 y=-0.14x +34.20 0.99" " y = -0.06x +68. 00 0.43 y=—0.20x +102. 20 0.90"
el 1 5 Keshan 1 y=—-0.09x +32.40 0.87" y=-0.23x+74.10 0.86" y = —0.32x +106. 40 0.96" "

(B1 =5 R Y 9 A e o S IE IR AR B,y R E BB " G R (P <0.05) 5 " AR B35 (P <0.01) . T,
The x in the regression equations was the delayed planting days, y was the development time. * ;P <0.05; **. P <0.0l. The same in the

following tables.
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Table 4 The analysis of plant height and node number on the main stem of soybean varieties under different sowing dates

i F 7 Plant height/cm

F 29551 Node number on the main stem

Variety 5-11 5-21 6-2 6-11

5-11 5-21 6-2 6-11 6-22

w49
Heihe 49

43.9+44b 43.3x1.3b 48.6+3.8b 60.9:6.2ab 67.3209a

i 35
Heihe 35

50.5+1.6b 43.7+2.9b 46.3+41b 55.5+2.7ab 65.3+3.5a 11.5x0.1ab

w25
Heihe 25

8.7+0.5a 56.8+1.6a 637xlla 60.7+53a

i 33
Heihe 33

525+1.7a 53.7+L5a 557+50a 606.6+2.4a

A2 5
65.7+2.0b 62.2+1.8b TL.2+2.1ab 77.3x1.9a
Huajiang 2
PRI 51
Heihe 51

59.3+£0.5ab 47.5+1.4¢

I 29
Heihe 29

8.7+1.8¢

S 45
Heihe 45

65.3+2.3ab 57.3+#4.0b 60.2x1.7b 75.6%3.8a
R 50
Heihe 50

feilia 5
Huajiang 4

62.2+0.8a 53.4x1.6b 643x04a 67.3x22a

T.1+£3.2a 725+41a 753x41la 84.9x65a

BT 53
Heihe 53

M4.4+1.9a 56.3+1.8a 65.4%24a 67.4x22a

R 43
Heihe 43

68.1+3.9ab 58.3+2.4b 66.3+1.8ab 77.6+29a

FRIA 38
Heihe 38

72.2+1.4ab 63.2+47b 749zxl.6ab 82.34.4a
sl 15
Keshan 1

T

Average

09.1+1.1ab 65.4+3.0b 69.3+L7ab 75.9+0.7a

61.55 56.79 63.19 70. 83

68.6+1.4a 122+0.3ab 10.8+0.4b

62.0+53a 10.9+0.2a

77.7+3.2a 12.7+0.4ab 12.3+0.5b

57.9+3.8b 641+1.3ab 68.4+1.0a 121x0.5bc 11.220.3¢

61.4+£0.2bc 65.6+3.4abc 60.5+1.9ab 72.6x1.5a 123+0.6bc 11.90.3¢

68.8+2.9ab 12.9+0.5ab 11.5+0.6b

68.7+2.3a 12.3+0.4abc 11.5+0.2¢

77.8+1.8a 13.3+0.4a

67.2+3.5a 12.7+0.1ab 12.2+0.3b

787+4.6a 12.7+0.7ab 11.4+0.4b

80.5+3.4a 142+0.1a

76.5+4.0a 13.1+£0.6ab 11.8+0.5b

9.5+0.6b 88x03b 9.6:0.7b 11.9x1.0ab 13.6+0.3a

9.6+0.4b 10.2£0.9b 11.1£0.4ab 13.5+0.5a

125+0.1a 13.0x0.5a 13.4x0.2a

10.5+0.4a 11.0x1.0a 13.1£0.3a 127+0.6a

13.9+0.7ab 14.7+0.4a

14.7+0.1a

120£0.4bc 13.1£0.2ab 141+£0.2a

129+0.5abc 14.1+0.5ab 146+0.1a

125+£0.5ab 14.4+04a

14.3+0.3 a

11.9+0.6 be 13.4+0.3ab 140+0.3a

13.9+0.3 a

13.6+0.7 a

150£0.7a 149+0.1a

127+0.3ab 13.5+0.1a 13.620.2a

121+0.1b 143204a 146+03a

125+0.3b 13.820.4ab 14.9:0.2a 14.7+0.3a

126+0.5ab 141+0.1a 145+0.1a

12.31 11.42 12.13 13.61 14.09

[i)— it RPN [ 301 B AR B 4 JOAR R) 7 B, SRR A R 22 5+ (P <0.05) o Tl

Means of the same variety under different sowing dates were significantly different when not followed by any same lowercase letter. The same in the

following tables.
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Table 5 The analysis of pod and seed numbers per plant of soybean varieties under different sowing dates

PR A RRIERL Pod number per plant FRRRIET Seed number per plant
Trait 5-11 5-21 6-2 6-11 6-22 5-11 5-21 6-2 6-11 6-22
P 49
Heihe 49 187+20b 21.5+1.9ab 19.5+1.4b 26.9+3.5ab 3294 1a 381+3.5b 44.0x41b 388+42b 59.9+9.9ab 75.3+63a
eihe
T 35
Heihe 35 25.7+2.4a 24.5+1.6a 24.7+04a 24.6+1.8a 33.4x40a 56.3+50a 59.6+6.5a ©64.7x1.9a 63.8+x7.0a 840x12.6a
eihe
R 25
_—_ 20.1+£3.0a 26.6+2.5a 27.3+2.9a 30.423.5a 25.7+1.0a 57.4244a 59.0+53a 620x6.2a 720x11.8a 67.5+4.9a
eihe
FRIA 33
19.9+0.9a 223+1.8a 19.8+1.3a 24.2+1.5a 22.3+2.6a 454+25a 56.8+5.5a 49.7+3.2a 62.5+3.3a 6l.4+6.3a
Heihe 33
£ 5
27.9+1.6a 26.1+20a 33.5+#6.1a 322+1.0a 28.1x1.3a 652+46a 63.6+6.9a 820+159a 8.7+40a 76.5+4.3a
Huajiang 2
51
Heihe 51 28.4£20a 33.1+x7.1a 27.5+#25a 31.7+28a 40.9+27a 624+3.6a 75.2+141a 646+7.2a 785+6.7a 101.1£9.5a
eihe
BT 29
260.1+0.6a 28.9+0.4a 30.1+3.1a 30.3+2.8a 30.3+x20a 72.1x6.3a 76.7+3.8a 80.5+7.4a 77.7+55a 8.7+75a
Heihe 29
B 45
28.9+1.2a 2.1+2.8a 262x0.8a 27.2+21a 27.1+25a 68.6+3.4a 63.3+7.8a 656+3.5a 723+53a 7..2+6.4a
Heihe 45
ESTR
Heihe 50 29.1£1.6ab 36.7+2.6a 24.7+29b 33.9x1.8ab 33.7+26ab 66.2+£2.9a 80.6£59a 56.7+6.7a 80.4+3.1a 80.6+6.7a
eihe
845
29.8+2.4a 33.3+1.9a 25.5xl.4a 29.9+22a 32.2+3.1a 73.1xl.lab B.1x46a 60.1+3.9b 75.9+3.9ab 86.5+4.1a
Huajiang 4
TR 53
30.8+1.1a 28.7+#3.9a 285+2.8a 323xl.7a 21.3+26a 73.7+25a 68.7%123a 644+54a 7393 1a 73.6+93a
Heihe 53
T 43
25.8+3.1a 28.6+29a 28.5+3.6a 27.9+1.0a 29.9+27a 67.7+3.5a 69.5+4.8a 68.2+10.1a 75.3+24a 82.0+70a
Heihe 43
FRIA 38
Heihe 38 30.3£0.9a 32.8+6.3a 2823.0a 29.8+3.2a 30.0£3.7a 68.1x53a 76.7%16.9a 683+6.7a 75.1x6.4a 76.3+9.8a
eihe
silli 15
R.6x1.4a 2.7+1.8a 30.5+3.6a 30.1+2.4a 27.9x51a 76.5+44a 723+3.9a 71.0x9.7a 76.2+6.2a 61.3+12.5a
Keshan 1
A
27.36 28.49 26.75 29.39 30. 12 63.63 67.44 64. 04 73.30 71.57
Average
2.3 BHEMAXEENEMSZHF0 e R W S ) A FR T 49 FERRT 35, 5 TR T LL AR —

TEARBIFEBE E B BN, R R 7 A R R EER 6 ¢, 26 57 Ik B B K F 5 R
HI R AR e, Foh, ORL S22 S5Oy FORCE 2 RN R e e /N Rl 55 TR A LU 2R
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Table 6 The analysis of 100-seed weight and plot yield of soybean varieties under different sowing dates

LEXIN EHIE 100-seed weight/g

JNX 725 Plot yield/ (kghm ~%)

Trait 5-11 5-21 6-2 6-11 6-22

5-11 5-21 6-2 6-11 6-22

JRIT 49

2.6+0.3a 198+1.2b 19.4+0.1b 18.9+0.2bc 16.6+0.2 ¢ 1297.4+90.7a 1743.6 £317.3 a 1605.1+33.6 a 1907.7+40.7a 1471.8 +159.0 a

Heihe 49

35

17.9+0.3a 18.8+0.5a 15.4+0.2b 147+0.1b 11.9+0.1¢ 1559.0+147.9 a 1969.2+46.2 a 1687.2 +62.4 a 1805.1+253.9 a 1400.0+75.9 a

Heihe 35

R 25

179+0.2a 16.8+0.2b 153+0.2¢ 147+0.1c¢ 123+0.1d 2087.2+71.8 a 2010.3+31.2a 1769.2+116.5a 1728.2+131.9 a 1225.6+86.3 b

Heihe 25

PRI 33

21.0+0.2a 184+0.6b 18.3+0.1b 185+0.0b 16.0+0.2 ¢ 2117.9+125.7 a 1994.9 +230.3 ab2189.7 +143.6 a 2061.5+94.0 ab 1394.9+120.9 b

Heihe 33

2

19.7+0.1a 17.4+0.4b 17.1+0.1b 17.240.4Db 16.4+0.2b 2559.0£86.3 a 2523.1+111.3 a 2550.0+144.4 a 2641.0+£25.6 a 1907.7 £100.1 b

Huajiang 2

] 51

17320.1a 16.6+0.3a 15.6+0.2b 152+0.2b 13.8+0.2 ¢ 2117.9+240.0 a 2276.9 £30.8 a 2482.1+31.2a 2350.0+27.1a 1830.8+240.3 a

Heihe 51

TR 29

17.0+0.4a 15.9+0.1ab15.8£0.2b 15.7+0.4 be 14.7+0.1 ¢ 2251.3 +57.1 ab 2015.4 £90.2 ab 2251.3 +74.5 ab 2379.5+82.5a 1738.5+247.3 b

Heihe 29

BT 45

17.5+0.1a 15.7+0.1b 157+0.1b 15.8+0.3b 144+0.1¢ 2579.5+59.1a 2343.6+67.3 ab 2051.3 +128.8 b 2297.4 +118.3 ab1594.9 +42.0 ¢

Heihe 45

FRI 50

19.0+0.3a 184+0.52ab17.8+0.2ab17.6+0.2b 17.8 +0.4 ab2600.0+53.3 a 1994.9 +420.6 ah2343.6 +48.9 ab 2271.8 +65.5 ab 1512.8 +191.4 b

Heihe 50

a5

16.4+0.1a 15.6+0.6ab15.0+0.1b 15.2+0.1ab13.3+£0.2 ¢ 2748.7£161.9 a 2553.8 +207.0 a 2497.4 +209.1 a 2559.0+35.9 a 2102.6£138.8 a

Huajiang 4

] 53

17320.1a 16.2+0.2bc 16.2£0.2b 15.5+0.1¢ 147+0.1d 2487.2+80.1a 2102.6+155.5a 2215.4+107.7 a 2276.9+72.7a 1235.9+22.4 Db

Heihe 53

R 43

176 0.8 a 15.7+0.5b 15.5£0.2b 16.0+0.1 ab 14.8+0.1 b 2528.2+77.6 a 2133.3 £205.3 ab2133.3 +62.4 ab 2276.9+96.1 a 1630.8 +109.2 b

Heihe 43

] 38

155+0.2a 15.2+0.5a 13.9+0.1b 141+0.1b 13.8+0.1b 2692.3+44.4a 1948.7+386.4 a 2010.3 £71.2 a 2235.9+82.5a 1902.6+41.0 a

Heihe 38

sl 15

15.8+0.1ab15.5+0.0b 15.4£0.1b 16.0+0.1a 13.6+0.1 ¢ 2384.6+17.8 ab 2538.5+0.0 ab 2338.5+191. 1 ab2953.8 +654.0 a 1143.6+219.4 b

Keshan 1

i
Average

18.0 17.0 16.4 16.3 14.9

2286.4 2153.5 2152.4 2268. 1 1578.0
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Table 7 Regression analysis between sowing dates and agronomic traits

PR LT

Trait Linear regression equation K
k1= Plant height y=0.3210x +58.0 0.7213
251540 Node number on the main stem y=0.0549x +11.7 0. 7562
HREIEEL Pod number per plant y=0.0589x +27.2 0. 4987
HRRKIEL Seed number per plant y=0.3154x +62. 6 0. 7430
TR E 100-seed weight y=-0.0703x +17.7 0.9116 "
7o Yield y = —12.4380x +2348.9 0.5018
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