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Variation of Agronomic Traits and Production of Germplasm Resources
of Soybean in Different Years and the Relationship Between Them

CI Dun-wei,ZHANG Li-feng, WANG Bao-qing, WANG Cai-jie, LI Wei, XU Ran
( Crop Research Institute ,Shandong Academy of Agricultural Science , Jinan 250100)

Abstract ; Agronomic traits and production of 249 soybean germplasms were investigated under field condition
for 2 years,and multi-statistics analysis was then applied to analysis the results. The results showed that the coeffi-
cient of variation ( CV) of germplasm of soybean based on agronomic characters and production were 6.2% -
78.0% and 6.3% - 48. 5% , respectively. CV for growth period was small because of the similar ecotype of the
germplasm resources in the area of Huang-Huai-Hai plain. CV for stem nodes number was also small. CVs for plant
height, effective branch number, bottom pods height,the pods number per plant,grain number of single plant, num-
ber of seeds per pod, grain weight per plant, 100-seed weight and yield per unit area were large. Agronomic traits
and production were significantly different between cultivars. Effects of ecological factors (including temperature,
precipitation and sunshine hours) of different years on agronomic characters and production of soybean were large.
Agronomic traits between different years were also significantly different. Agronomic traits could be simplified for 4
independent indexes correlating with production by using principal component analysis in 2 years. Furthermore, it
could be quantified the relationship between agronomic characters and production according to establish set of equa-
tion Y =17.5 - 1. 76x, +1.32x, +0. 30x; +2. 50x, and Y =198. 8 - 3. 12x, +7. T1x, +0. 08x, +2. 71x, in 2 years
between them. The characters of all type cultivars in 2 years were analyzed by using the method of cluster analysis
for 5 types,respectively, to provide theoretical basis for breeding new soybean cultivars of high and stable yield and

regulation of cultivation measures for high yield.
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Table 1 Names of 249 soybean germplasms

WE B—%55 E2 WY B—HRS &% w®E G—%HS E47
Number Given Code Name Number Given Code Name Number Given Code Name

1 WDDO01559 HP202 25 WDD00232 L72 - 1078 49 ZDD01612 LR
2 WDD00207 162 - 880 26 ZDD18402 g8 50 WDD01842 184 -307
3 ZDD01629 AFABE || 27 ZDD23873 10 51 WDD00341 L81 - 4590
4 WDD00238 L66 - 721 28 ZDD08251 Xi/hBE 52 WDD01470 Sprite 87
5 WDD00192 L73 -67 29 ZDD23917 ®BE13 53 WDD01522 L78 - 3083
6 WDD01821 L64 - 4103 30 HfE00 -484 | 54 ZDD23892 &1 28
7 WDD00235 167 - 1695 31 97 ~1121 || 55 ZDD02940 REY
8 WDD01915 L67 - 949 32 ZDD18845 Bg 13 56 wWDD01594 GR8836
9 WDD00231 162 -906 33 ZDD23883 & 20 57 WDD01845 L74 -01
10 WDD00169 L70 - 6494 34 ZDD08603 MhET1 58 WDD01528 L74 -221
11 WDD00193 L62 -956 35 ZDD19339 8588 59 ZDD19379 8511
12 AGS292 36 WwDD00227 168 - 582 60 WDD00570 Fayette
13 ZDD18847 BE158 37 ZDD02626 HHM3 5 61 WDD00539 Gnome
14 WDD01583 Newton 38 E00 -683 || 62 #®75

15 ZDD08650 ®T <2> 39 ZDD23890 & 27 63 R KBY
16 ZDD18632 Bg718 40 %31 64 ZDD18835 WIRY
17 15 36 41 wWDD00217 169 - 4267 65 ZDD1008S M 135
18 WDD00218 L73 -54 42 ZDD23040 Kgneg 66 WDD00569 Elf

19 YDD0OO0722 A gEA 43 ZDD08633 ERES 67 WDD01945 Hobbit87
20 ZDD24064 #5108 44 WDD01572 Amcor89 68 ZDD02802 S A 7
21 WDD00625 PI159764 45 H{E 96 -954 || 69 ZDD02990 CRET
22 ZDD9884 #5458 46 ZDD18529 R 70 WDDO01598 2

23 WDD01849 L77 -1727 47 WDD01580 Kenwood 71 WDD01592 Dunbar
24 ZDD08028 Hoe 8 48 ZDD23891 g 27 72 ZDD19105 W38
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Number Given Code Name Number Given Code Name Number Given Code Name
73 WDD00467 Peking 118 WDD00633 L81 - 4871 163 ZDD23893 5, 661
74 WDD01599 Kunitz 119 WDD00001 Clark 164 WDD01857 187 — 0482
75 475 120 ZDD08238 KRBEEE 165 WDD01530 177 - 5632
76 ZDD03106 *9 121 WDD01992 Mustang 166 WDD01503 L83 - 4744
77 ZDD19963 BEE 15 122 WDD0G617 Union 167 WDD00649 Gnome85
78 # 84 -5 123 ZDD08024 MEe s 168 WDD00575 Kim
79 ZDD23242 BE25 124 ZDD03570 {5HEHE 169 WDDO01612 Nile
80 ZDD08228 wENEE | 125 ZDD02611 X778 170 WDD01490 188 - 8739
81 FE33 126 ZDD23896 oY) 95 -5383 || 171 ZDD09136 IET
82 ZDD02866 KEK 127 ZDD23879 HE 16 172 ZDD23894 & & 662
83 ZDD01720 WHFET || 128 ZDD02584 FE13 173 WDD01507 182 - 2051
84 ®wg12-2,3 || 129 ZDD19381 13 174 WDD01501 L85 - 2196
85 ZDD03026 RALE 130 ZDD02159 xEg 175 ZDD11453 HFAE
86 ZDD23881 18 131 ZDD02559 BUE 176 ZDD02764 g |
87 ZDD08564 MNEEG 132 WDDO01525 L77 - 1794 177 WDD(0528 Amsoy
88 ZDD08352 A EG || 133 ¥8 97210 -6 178 ZDD08472 =y
89 ZDD24019 899 -1 134 ZDD07987 T 30 179 ZDD03540 HEaEafm
90 ZDD08190 BHNES | 135 #B 195 180 WDD01616 Spry
91 WDD00632 PI486355 136 ZDD19293 =8 ¥4 181 WDDO01526 L76 - 1988
92 95 -5117 || 137 WDD01984 Ina 182 WDD01520 L79 - 1270
93 28 138 ZDD24104 5 21 183 ¥ 9525
94 BT 12-3L || 139 WDD01494 L88 — 8226 184 ZDD02864 THEES
95 ZDD23876 $hE 13 140 ZDD20340 BABEG 185 WDD01491 L88 — 8502
96 ZDD24021 FE 30 141 WDD00626 P1196160 186 ZDD23987 Eg21
97 ZDD23277 ¥ 92116 142 ZDD18524 THFEAT || 187 KDO1
98 ZDD19131 8 143 ZDD03737 BB £ pu o bE 188 ZDD01983 BE®E
99 WDD00643 PI437654 144 WDD00585 Williams 189 WDD00007 L60 - 246
100 BE3 5 145 K52 190 ZDD01683 BAKE -2
101 ZDD23959 HEse 146 415 34 191 FEs3
102 BE3e 147 ZDD23878 15 192 WDD01605 Delsoy4500
103 ZDD10084 BRE18 148 WDD02137 FAK2E 193 ZDD24101 KE 16
104 ZDD02891 AXKYE 149 ZDD23915 KXES 194 WDD01874 185 —2029
105 ®BEF0S 150 ZDD63842 KHEERER || 195 ZDD03804 EHED
106 b2 B 151 WDD01524 L78 -379 196 ¥R 99048
107 ZDD23885 ¥ 22 152 #8 02060 -0 -7 -2|| 197 #1533
108 ZDD23866 B4 153 ZDD19409 BT 18 198 ZDD18771 g
109 ZDD02572 FE1E 154 WDD01493 188 - 8431 199 ZDD19410 By 22
110 ZDD02096 P - T: 155 WDDO01946 Chaleston 200 ZDD02913 S 31
1 WDD01604 Delsoy4210 156 WDD00602 Franklin 201 WDDO01854 184 2235
112 ZDD24113 MN413 157 WDDO01498 L85 -2378 202 ZDD09279 -4
113 ZDD18928 #5831 158 WDD00613 Pixie 203 ZDD10100 ¥ 8516
114 ZDDO1797 7651 -1 159 WDD01510 L82 -2020 204 ZDD01761 EE
115 WDDO01856 186 — 1436 160 ZDD08018 BEZEFR 205 ZDD19406 BT 12
116 ZDDO02883 S 161 WDD01531 L77 - 1863 206 #HT9E -3L-2
117 ZDD24022 899 -7 162 KR xSu || 207 ZDD08728 HET
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Number Given Code Name Number Given Code Name Number Given Code Name
208 ZDD03153 WRMEE | 222 WDD01607 Delsoy4900 236 WDD00627 PI253666 A
209 ZDD18558 ERRE 223 #9793 -1 237 WDD00582 Verde
210 WDDO01606 Delsoy4710 224 ZDD08690 hEE 238 ZDD03260 MBS
211 WDDO01500 L85 —2308 225 ZDD03293 LY 239 ZDD08697 Wik 13 8
212 ZDD19144 A 226 WDD00647 Avery 240 ZDD02149 BHE
213 ZDD08928 AtHEAE || 227 BT 17 241 ZDD20436 hE88
214 ZDD03740 FEWEAH & 228 ZDD02615 Bk 23 242 8 97196
215 ZDD02892 ARIEE 229 ZDD02114 RIEE 243 ZDD02315 KEXET
216 ZDD18870 # 1l 69 230 ZDD02400 HEG 244 ZDDO02551 BES
217 ZDD09832 #9 231 ZDD02921 H68 245 1 39
218 628 232 ZDDO03739 WEKELERE | 246 ZDD08986 MEE
219 WDDO01858 L88 - 5492 233 ZDD02134 MET2 247 ZDD03237 Wi e B
220 2 96150 234 ZDD19027 BE®E 248 ZDD10129 BRS
221 ZDD23269 7 951099 235 hRAE -1 249 ZDD03731 BWEOEM
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X Fi SPSS16. 0 XA B B A7 R g3t
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2.1 XEMRABREUERNERNTEREEH
fa) £ %

435I %F 2008 4EF1 2009 EHE K 249 M RKE &K
MO0 RZERAMZEBHTHASS T 240
(FR2), BRT 2008 FHA BRI EHAMEINT R
2009 4F iy B bk 38 BOR B vk A, B EEE] 10 Ak
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Table 2 Description statistic and variation analysis of agronomic traits and yield of 249 soybean germplasms

R HH EFH K& 0 A% EE OKRHERE BK 0 SRk 5% EKE ERE BUEH
Year Ttom (d) (em) A% FH  (em) K RBEE  BE  H(y) () Rk
Gp PH EBN PNP BPH NSP GNP NSP  GWP  HSW YUA
2008 ¥#{ Mean  103.4  86.9 2.6 16. 1 142 461 9.2 2.1 13.4  18.2 198.8
H{f Median 1040  86.7 2.3 16.0  13.7 417  84.4 2.0 1320 17.9 199.3
A . 6.4  20.8 2.0 2.5 50 159  27.8 0.6 3.5 2.8 28.8
R Skewness  -1.0 0.5 6.9 0.1 0.8 L5 1.1 6.3 0.6 0.4 -0.6
#4 Kurtosis 2.8 2.1 69.9 0.9 0.4 2.9 2.0 48.7 0.7 0.0 1.8
B/ME Min 70.7  29.3 0.5 8.3 4.7 19.5 27.1 1.2 42 1.6 61.6
Bk Max 119.0 186.7  25.5 24.5 3.8 118.7 193.3 2.7 25.4  27.4 263.1
ERERB(%ICY 6.2 239 78.0 156 350 345 305 29.1 26.2  15.6 14.5




B oW o#® ff B R ¥ O#

12 %

876
£
N SiH £HH KR L d EE EERE BHK L% 3 /¥ R ERE AUER
Year Jtem () (em) AEEHE HH  (em) FH  OHK  RE  E(p (s E(ke)
GP PH EBN PNP BPH NSP GNP NSP GWP  HSW YUA
2009 @iyH Mesn 1055  95.2 2.7 162  20.2  48.4  10L.1 2.1 139  18.3  163.0
H{f Median 105.7  98.1 2.5 16.5 19.6  45.4 97.5 2.1 13.9 18.1 166.3
R s 6.6 20.5 1.3 2.4 5.9 14.9 26.6 0.3 3.8 4.5 37.6
W E Skewness -0.4 ~0.4 0.3 -0.9 0.6 2.2 1.6 0.2 0.1 0.7 -0.1
B Kurtosis 2.6 1.7 -0.6 1.6 1.0 8.8 6.7 -0.7 0.2 1.9 -0.6
B/ME Min 72.0 28.7 0.3 1.3 5.9 22.1 38.9 L5 3.1 4.3 58.9
Bk Max’™  122.3  169.7 6.5 21.2 45.4  144.3 262.4 2.7 26.7 35.7 262. 8
TREHCV(%) 6.3 21.6  48.5 14.5 29.1 30.8 26.4 1.9 27.7  24.4 23.0
S Fb Cultivar  48.92* 25.03*° 520" 17.31" 7.03™ 6.93* 4.71* 1.8 3.22* 514 3.70"
Fi;lfue 4} Year  356.94° 273.31** 1.30 3.57  703.29% 11.54* 51.31 0.10 5.5 0.62  401.13*
W x SR 3.31" 1.89* 2.00* 2.48* 2.03* L1.56% 1.53s+ 1.35 LS5l% 1777 1.94%

Cultivar x Year

GP.PH.EBN PNP BPH NSP GNP NSP.GWP.HSW 1 YUA B R A FH HE AR IEH TE VR EXTE S HRER. AEBEY . §X

N EANE TREALNERRNEXES. TH

GP: Growth period,PH: Plant height, EBN : Effective branch number, PNP: Pods number per plant, BPH: Botiom pods height, NSP: Number of seeds per

pod, GNP Grain number of single plant, NSP; Number of seeds per pod, GWP: Grain weight per plant, HSW; 100-seed weight, YUA : Yield per unit are-

a. The same as below
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EARR, AR 2 ,2008 FRpREH BN SET
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2008 fFRABRIER BB B S XN HEBEEM
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BEBEFIEMKL, WESHTERTRRIEH BB
BHSEERE R B ERHX, A F R, 2008 4
ABROBBESRERELSBERAX, BINE A
MEHRFREREREE B FIEMX,2009 FHH
BEHREBEEBEEMAX, MEIWERPBHK
B B ESARENEEEEMEX ONES
BARIERE B FE N %, 2009 £ IER IS Bk
HEREFOMX, REIWERTRRMES Bk
HYERFEHAX, ENESARBERERENM
X, ARER,2008 RN M AU EA=ESE
BRREREBEHHX, HERMER B S8 N
BEBFEME, WTHRENE, BRILFMXHE,
2000 FENEMBAMEHATESEUBEEREE
EMX,
2.3 XEHRABRRZHERDSNMEFRHERS
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KA E R4 67 07 8k X 249 By KGR F i 10
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Table 3 Correlation analysis of agronomic traits and yield of 249 soybean germplasms

4 wEHR EHE 4R ARSEE FEWH RERE SHRER SHEY SEEY HAHERE BRE
Year  Agronomic traits GP PH EBN PNP BPH NSP GNP NSP GWP HSW
2008 %R PH 0.471"
H¥HHPEBN  0.114 0.095
EZXFHPNP  0.490™  0.825" 0.155
JEJERBEBPH  0.375  0.085  -0.200° 0.127
BB 3EM NSP 0.277°  0.426** 0.435"  0.472* -0.212°
BBRM GNP 0.243° 0.461** 0.270™  0.520* -0.223" 0.877*
£5 3R B NSP 0.032  -0.027 0.234*  -0.037 0.242° -0.077 -0.219"°
BERNE GWP  0.330% 0.149 0.054 0.19 0.071  0.310™  0.359* 0.007
BRE HSW 0.05 -0.147 -0.138 -0.193 0.08 -0.263* -0.304™ -0.012  0.17
B EASR YUA 0,032 -0.027 0.234*  -0.037 0.242" -0.077 -0.219* 1.000** 0.007  -0.012
2009 ¥ & PH 0.439*
BERABBEBN  0.329* ~0.09
EEHHPNP 0.337>  0.710** -0.181
E¥®WEBPH  0.320 0.212° -0.209° 0. 406 **
HKREHNSP  0.175 0.116 0.568*  0.093  -0.213°
BEERB GNP 0.072 0. 165 0.359*  0.182  -0.213° 0.924*
BHRRWNSP  -0.242° 0.142 -0.660*  0.233*  0.069 -0.393* -0.033
HBERTE GCWP  0.176 0.037  -0.083 0.245*  0.157 0.232° 0.327*  0.174
HRE HSW 0.189  -0.134  _0.202° -0.037 0.341*-0.503* -0.563* -0.017  0.211°
B EASE YUA 0.01 0.034  -0.498"  0.14 0.19 -0.19 0.028 0.600** 0.474* 0.159
R4 20 KEMFERERZHROEASTSH ‘
Table 4 Principal component analysis of agronomic traits of 249 soybean germplasms
2008 & 2009 4
FEER
Agronomic traits H¥1 HF2 B3 HF4 BHF1 HF2 HF3 BHF4
Facter 1 Facter 2 Facter 3 Facter 4 Facter 1 Facter 2 Facter 3 Facter 4
£HH GP 0.56 0. 60 -0.01 0.09 0.25 0. 56 0. 61 -0.04
% PH 0.76 0.27 -0.07 -0.33 0.16 0.77 -0.06 -0.46
A B4 H ¥ EBN 0.38 -0.31 0.63 0.29 0.71 -0.24 0.51 -0.04
F 29 ¥ PNP 0.81 0.26 -0.04 -0.30 0.07 0.87 -0.12 -0.19
R¥ER B BPH -0.03 0.81 0.14 -0.13 -0.31 0.59 0.33 0.10
¥R W NSP 0.84 -0.34 0.06 0.18 0.96 0.05 -0.07 0.15
BEER3 GNP 0.84 -0.34 -0.14 0.10 0.86 0.16 -0.37 0.21
45 358 3 NSP -0.08 0.30 0.82 0.14 -0.46 0.31 -0.71 0.09
HHNE GWP 0.41 0.22 -0.21 0.69 0.15 0.44 -0.12 0.82
HRE HSW -0.29 0.37 -0.29 0.58 -0.60 0.13 0.53 0.40
M fE# Eigenvalues 3.4 1.7 1.3 1.2 2.9 2.4 1.7 1.2
TR (% ) Variance 33.8 17.5 12.6 1.7 29.3 24.1 16.9 1.7
Rt AME(%) Cumulative 33.8 51.3 63.9 75.6 29.3 53.5 70.4 82.1
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Fig.1 Plot of scores of the top two principal components  Fig.2 Plot of scores of the top two principal components

PC1 and PC2 for 249 soybean germplasms in 2008

PC1 and PC2 for 249 soybean germplasms in 2009

B S -10 PR A FH AR ARAER EE VR RERE RN PR BN BRNE ARE
The number of 1 - 10 in the figures means growth period, plant height, effective branch number, pods number per plant,

bottom pods height, number of seeds per pod, grain number of single plant, number of seeds per pod,

grain weight per plant,100-seed weight and yield per unit area , respectirely
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£, RES, BRERES),
2.5 AEMREECREREHEROXR

fifE 3 A 41,2008 £ R 5 2009 EERE R
EEMHE(R =0.1054) , HRIEX 249 KT M F 4
AEBRSEERBMFEREHEHFRE 2008 £ Y =
17.5 — 1.76x, + 1.32x, +0.30x, +2.50x,,2009 4
Y =198.8 -3. 12x, +7. 71x, +0.08x, +2. 71x, , F £
ZRFEAFBFEATFHRERKRBAR, d, R
RAERS A TER LRGN 4 M EERHR
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Table 5 Cluster analysis of agronomic traits and yield of 249 soybean germplasms
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Fig.3 Correlation analysis for yield between
the year of 2008 and 2009
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