35 4 Vol.35 No.4

2016 7 SOYBEAN SCIENCE Jul. 2016
1 2 2 3 4 5 6 7 8 9
10 2 1 1
(1. / / /
210095; 2. / 157041; 3.
154007, 4. 164009; 5.
161606; 6. 163316; 7. 112616; 8.
130111; 9. 137000; 10. 162650)
: 361
2012 - 2014 9 . (1) 4
. . . 5 9
( ) MG 000 MG 00 ; . . .
4 5 9 ( ) MG 0.MG 1 ;
. . 4 5 9
( ) MG 0.MG I ; 4 5
9 ( ) MGI  MGII . (2) . MG 000 MG
00 . .
. MGO MG
20 ~30 d. 7~104d 10 ~20 d. 3~54d
- MGI MG TI .
. 10 d. 20 d.
1 S565. 1 CA DOI: 10. 11861 /j. issn. 1000-9841.2016. 04. 0541

Ecological Characteristics Analysis of Northeast Soybean Germplasm Growth
Period Traits
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2. Mudanjiang Branch of Heilongjiang Academy of Agricultural Sciences/Mudanjiang Experiment Station of the National Center for Soybean Improvement

Mudanjiang 157041 China; 3. Heilongjiang Academy of Land-reclamation Sciences Jiamusi 154007 China; 4. Beian Branch of Heilongjiang Academy
of Land-reclamation Sciences Beian 164009 China; 5. Keshan Branch of Heilongjiang Academy of Agricultural Sciences Keshan 161606 China,
6. Daqing Branch of Heilongjiang Academy of Agricultural Sciences Daqing 163316 China; 7. Tieling Academy of Agricultural Sciences Tieling
112616 China; 8. Changchun Academy of Agricultural Sciences Changchun 130111 China; 9. Baicheng Academy of Agricultural Sciences Baicheng
137000 China; 10. Hulunbeier Academy of Agricultural Sciences Hulunbeier 162650 China)

Abstract: Growth period traits are the most important ecological traits in soybean production. The soybean collection com—
posed of 361 landraces and released cultivars from Northeast China was tested at 9 locations including Zhalantun in Inner
Mongolia Baian Keshan Jiamusi Mudanjiang and Daqing in Heilongjiang province Changchun and Baicheng in Jilin prov—

ince and Tieling in Liaoning province in 2012 —2014 for revealing the ecological properties of the growth period traits of soy—
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bean varieties. The results obtained were as follows: (1) The Northeast China soybean producing areas were grouped into four
ecological sub—regions according to variety maturities and ecological conditions. The first ecological sub—region located in the
northern region of Heilongjiang and Inner Mongolia represented by Beian and Zhalantun. The soybeans were usually sown in
mid-May and matured in mid-September ( first frost) in this region where the accumulated temperature was relatively low and
fit MG 000 and MG 00. The second ecological sub—region located in the area from the southern of Heilongjiang to Changchun
in northern of Jilin represented by Keshan Jiamusi Mudanjiang and Changchun. The soybeans were usually sown in late A—
pril to mid-May and matured in mid-September ( first frost) in this region where the climate was suitable for MG 0 and MG L

The third ecological sub—region located in the area from southwest of Heilongjiang to northeast of Jilin. The soybeans were usu—
ally sown from mid-or late April to early May and mature from mid-to late September ( first frost) in this region where was
somewhat lack of rainfall and fit mainly MG 0 and MG 1. The fourth ecological sub—region located in the most areas of Liaoning
province. The soybeans were usually sown from late April to early May and matured from mid to late September ( first frost) in
this region where the accumulated temperature was relatively high and fit MG IT MG III. (2) The major ecological properties
of various maturity groups were revealed. MG 000 and MG 00 mainly fit the first ecological sub-region but were not suitable for
other three sub—regions where could not make full use of the natural growth season due to too early maturity. MG 0 and MG [

mainly fit the second and third ecological sub-regions but not suitable for other sub—egions because in the first ecological sub—
region they mature later than the local varieties about 20 — 30 days and 10 — 20 days earlier in the fourth sub—region while
days to flowering were 7 — 10 days later in the first sub—region and 3 —5 days earlier in the fourth sub-region. MG [l and MGl
could only mature naturally in the fourth ecological sub—region and only a part of varieties of these maturity groups could mature
reluctantly in second and third sub-regions while days to flowering was 10 days later in second and third sub—regions and 20
days later in the first sub—region.

Keywords: Northeast spring soybean; Growth period trait; Genetic variation; Ecological characteristic; Ecological sub—region
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Table 1 Joint ANOVA of the growth period traits tested in three years at nine places in Northeast China

Days to flowering ( a)

Days from flowering to maturity

Variation source DF MS F DF MS F
Year 2 229490 1737.48** 2 11303 57.96*
Location 8 91468 1273.95** 8 72708 744.43**
( ) Repeat ( Yea Location) 74 18.77 4.23%* 73 57.28 7.02%*
Genotype 360 3000. 89 21.29%% 360 2164.18 12.37%%
x Year x Genotype 641 113.15 3.65%* 641 173.29 3.24%*
X Location x Genotype 2880 60. 46 1.88%* 2564 56.21 1.04%%
X X Year x Location x Genotype 4636 35.54 7.33%% 3840 55.08 6.75**
Error 23474 4.44 20198 8.155
Days to maturity ( b) Ratio of (a) to (b)
Year 2 95993 371.79** 2 5.36 1665.59* *
Location 8 197501 1792.86* * 8 1.54 744,73 % *
( ) Repeat( Yea Loc) 74 70.46 14.48%% 74 0.0011 4.40%%
Genotype 360 4692.56 19.42%% 360 0.0130 4.46% 7
X Year x Genotype 641 235.30 4.76* 641 0.0028 2.45%%
X Location x Genotype 2563 56. 84 1.13%% 2562 0.0014 1.19%*
X X Year x Location x Genotype 3841 51.18 10.52%% 3840 0.0012 4.58% %
Error 20294 4.86 20282 0.00026
DF = T MS = i (a) (b) . T 0.05 0.01 . .
DF = Degrees of freedom; MS = Mean square; (a) and (b) represent days to flowering and days to maturity respectively; * and ** represent sig—

nificance at 0. 05 and 0.01 probability level

respectively. The same below.
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Table 2 Variation of the growth period traits in different maturity groups

Days to flowering ( a) Days from flowering to maturity
N
Type CVI% CVI%
Mean/d Range/d Mean/d Range/d
MG 000 16 44.48 £ 3.42 41.63 ~46.85 64.76 e 3.26 61.13 ~68.31
MG 00 45 46.29 e 4.13 42.22 ~50.90 70.67 d 3.27 65.89 ~78.06
MG 0 157 49.26 d 4.1 43.79 ~55.57 77.75 ¢ 3.42 70.96 ~84.81
MG 1 79 52.1¢ 6.24 45.90 ~61.10 81.68 b 2.70 76.52 ~86.73
MG 1l 43 59.5b 7.59 52.72 ~78.72 83.77 a 3.53 75.44 ~90.50
MG I 21 70.98 a 11.84 58.63 ~81.27 82.72 b 6.95 72.45 ~93.67
Total 361 51.78 13.44 41.63 ~81.27 78.16 7.08 61.13 ~93.67
Days to maturity( b) Ratio of (1a) to (b)
N
Type CVI% CVi%
Mean/d Range/d Mean/d Range/d
MG 000 16 108.76 f 1.86 105.89 ~113.03 0.41 a 3.28 0.38 ~0.43
MG 00 45 116.2 e 2.82 109.86 ~125.98 0.40 b 2.76 0.37 ~0.42
MG 0 157 125.97 d 2.35 118.94 ~133.63 0.39 ¢ 3.33 0.36 ~0.41
MG 79 131.38 ¢ 1.51 127.37 ~136.88 0.38 ¢ 4.12 0.35~0.41
MG I 43 136.94 b 1.62 132.95 ~145.63 0.39 ¢ 5.80 0.35~0.45
MG I 21 142.97 a 1.97 136.87 ~146.87 0.42 ab 9.73 0.37 ~0.49
Total 361 127.47 6.45 105.89 ~146.87 0.39 5.23 0.35~0.49
N= ; CV= ; ° °

MG = Maturity group; N = Number of varieties; CV = Coefficient of variation; Values in the column of mean followed by different letters are signifi—

cantly different among maturity groups. The same below.

N MG 000 ~ MG 0 o
o MG 000 ~
> MG 00
N 2.2
MG 000 ~ ( A N
MG I MG I \MG N N N )
] o MG 000 ~MG 1 9
MGl ~MG I 4 3 1o

o MG I
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Table 3 The major ecological conditions in Northeast soybean ecological sub - regions

Rainfall Hss
ESR Testing site AT/C Sowing date First frost date MG Range
/mm /h
MG 000 ~ MG 1
1800 ~ 400~ 15.93~ 5 9
| ( MG 000 MG Northern part of INM and
BA ZLT 2300 600 16.92  Mid — May Mid - September
00) HLJ
4 5
" 2300 ~ 500 ~ 15.69 ~ 9 MG 000 ~ MG I
KS/JMS/ 3050 600 15.84 Late April to Mid Mid - September (MG O MG ) From middle and southern
MDJ/CC - May HLJ to Changchun( JL)
4 5 0 N
2800 ~ 350 ~ 15.43 ~ MG 000 ~ MG I
I Mid to late Sep-
BC DQ 3080 500 15.72  Mid or late April b (MGO MG1) Southwest of HLJ and North—
tember
to Early May east of JL. with less rainfall
4 5 0
3050 ~ 500~ 15.19 ~ MG 000 ~ MG Il
I\ Mid to Late Sep—
TL 3300 800 15.43  Late April to Ear- (MGIO MGII)  Most part of LN
tember
ly May
AT/C =10C o

AT/C = Above 10 “C accumulated temperature Hss = Day length hours on summer solstice date.
BA =Beian; ZLT = Zhalantun; KS = Keshan; JMS = Jiamusi; MDJ = Mudanjiang; CC = Changchun; DQ = Daqing; BC = Baicheng; TL = Tieling.
INM = Inner Mongolia HLJ = Heilongjiang JL =Jilin LN = Liaoning. The same below.

Within the brackets in the column of Maturity Group are the most suitable maturity groups for the ecological sub — regions

a: 4 y b
a: shows the clustering of the different testing sites. Four ecological sub—regions in Northeast China were grouped at the
dotted line. b: shows the approximate distribution of the four ecological sub-regions and their suitable maturity groups.

1

Fig. 1 Clustering and distribution of Northeast ecological sub-regions

. . 110 ~120 d * .
. 5 MG 000 ~ MG 0 MG T
9 . MG 000 MG 00
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. . . . 10 ~20 d
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=0.36" /0.397) o
4 5 9 MG 1T MG I
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. MG
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( . . ) 2012 -2014
( . )
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. . . ) 0.5 0.5~0.8 oo
0.05 0.01 .
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Table 4 The growth period performance of maturity groups in different ecological sub - regions( d)

(

)

v
Trait MG
BA ZLT KS JMS MDJ CC DQ BC TL
MG 000 120 +4 119 +3 111 =4 109 +3 106 +4 112 3 102 +4 104 +3 100 +3
Days to MG 00 132 +£5 127 4 121 =4 116 +4 113 =4 119 =3 111 =4 110 +4 105 =3
maturity( b) MG 0 145 +£5 139 =5 131 £3 126 +4 122 +4 128 £3 121 £3 120 +4 113 +4
MG 1 151 +3 144 +2 138 +4 135 +4 129 +3 134 +3 127 +3 127 +4 120 5
MG 1T Im Im 150 5 141 +5 135 2 142 +3 132 2 136 =3 130 +4
MG I Im Im Im Im 141 =4 147 3 Im 141 =4 141 +6
MG 000 50 £3 52 +2 45 £3 41 £2 45 £2 44 £2 39 £3 47 +3 40 +2
Days to MG 00 54 +4 54 £2 48 +3 42 2 46 2 45 +1 41 2 48 +3 41 +1
flowering ( a) MG 0 59 +4 59 +£3 52 +£3 45 +2 49 +2 46 £2 45 3 50 +3 42 +1
MG 1 63 £5 63 +4 56 +4 49 +6 51+3 48 £3 48 +4 52 +4 43 +2
MG 1T 75 +4 70 +6 64 +6 60 +8 58 £5 52 +£5 57 +6 58 £5 47 +4
MG I 77 +6 87 £13 77 £10 74 10 68 +9 67 £12 71 11 70 =11 58 +8
MG 000 70 +4 67 +3 66 +4 68 +3 61 +3 69 +3 63 +3 60 +£3 60 +3
Days from MG 00 78 +4 73 +4 73 £3 74 +3 67 £3 74 +3 70 £3 64 £4 64 +3
flowering to MG 0 86 £5 81 +4 79 £3 82 +4 73 +£3 82 +3 76 3 72 +4 71 4
maturity MG 1 88 +5 83 +4 83 +4 88 +3 78 +3 86 +3 79 +4 78 £3 77 +4
MG 1 Im Im 86 6 87 £4 80 £3 91 +4 75 5 81 +4 83 £3
MG I Im Im Im Im 79 +4 89 £10 Im 79 +7 83 £7
MG 000 0.42 +0.04 0.44 £0.02 0.41 £0.03 0.38 £0.03 0.42 +0.04 0.39+0.04 0.3 +0.03 0.45+0.05 0.37 +0.06
Ratio of MG OO0 0.41 +£0.04 0.43+£0.02 0.4+0.02 0.36+0.03 0.41 £0.03 0.37 £0.04 0.3 +0.03 0.43+0.06 0.39 £0.06
(a) to(bh) MGO 0.41 £0.04 0.42+0.02 0.4+0.02 0.35+0.02 0.4+0.04 0.36+0.04 0.3+0.04 0.42+0.06 0.4+x0.07
MG I 0.41+0.05 0.42+0.02 0.4+0.03 0.35%0.03 0.39+0.03 0.36 £0.04 0.3+0.04 0.41+0.06 0.36 +0.06
MG I Im Im 0.42+0.03 0.37 £0.04 0.41 £0.03 0.36 £0.04 0.4 +0.04 0.42+0.06 0.36+0.06
MG I Im Im Im Im 0.42+£0.03 0.38 £0.07 Im 0.45+0.08 0.41+0.07
+ s Im = o o
The data are shown in Mean + Standard Deviation; Im = immature; The same below.
5 (
Table 5 The range of growth period to maturity group in different ecological zones ( day)
I I v
Trait MG
BA ZLT KS IMS MDJ CC DQ BC TL
MG 000 114 ~126  115~123 106 ~116 107 ~113 104 ~110 99 ~ 107 103 ~111 101 ~107 97 ~102
Days to MG 00 127 ~138 124 ~133 117 ~126 114 ~121 111 ~117 108 ~116 112 ~120 108 ~115 103 ~109
maturity( b) MG 0 139 ~ 147 134 ~ 141 127 ~ 134 122 ~130 118 ~125 117 ~124 121 ~128 116 ~123 110 ~116
MG 1 148 ~ 155 142 ~ 147 135 ~142 131 ~137 126 ~132 125 ~129 129 ~136 124 ~131 117 ~125
MG II Im Im 143 ~152 138 ~143 133 ~137 130 ~133 137 ~142 132 ~138 126 ~135
MG I Im Im Im Im 138 ~143 Im 143 ~ 146 139 ~ 144 136 ~ 147
MG 000 48 ~52 51~53 44 ~47 <44 <48 <40 <47 <50 <44
Days to MG 00 53 ~56 54 ~56 48 ~50 <44 <48 41 ~43 <47 <50 <44
flowering ( a) MG 0 57 ~61 57 ~61 51 ~54 45 ~47 49 ~50 44 ~47 <47 <50 <44
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5
1 11l 1\%
Trait MG
BA ZLT KS JMS MDJ CC DQ BC TL
MG | 62 ~69 62 ~66 55 ~60 48 ~54 51 ~54 48 ~52 48 ~50 51 ~55 <44
MG I =70 67 ~78 61 ~69 55 ~67 55 ~63 53 ~64 51 ~59 56 ~64 45 ~52
MG I =70 79 ~96 70 ~83 68 ~81 64 ~73 65 ~78 60 ~75 65 ~76 53 ~64
MG 000 66 ~74 64 ~70 62 ~69 65 ~72 58 ~64 59 ~66 66 ~71 <62 <62
Days from MG 00 75 ~82 71 ~75 70 ~76 73 ~78 65 ~70 67 ~73 72 ~78 63 ~68 63 ~67
flowering to MG 0 =82 76 ~82 77 ~81 79 ~85 71 ~75 74 ~78 79 ~84 69 ~76 68 ~74
maturity MG 1 =82 =82 82 ~85 =86 76 ~79 79 ~81 85 ~ 88 77 ~80 75 ~80
MG 1T Im Im =86 =86 =79 73 ~77 89 ~95 =81 81 ~86
MG I Im Im Im Im =79 Im 89 ~95 =81 81 ~86
3
3.1
. 3.2
17
MG 000 ~MG T 6
: . MG 000 MG 00.MG 0
MGT.MGI MGTI
19 )
( 2 700C
1 900°C o
200°C) . 5
1) 9 18 130 d
S MG 0
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