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Identification of Drought-tolerance of Soybean Germplasms from Yangtze and
Huaihe River Valleys at Seedling Stage

WANG Ying-dang, XU Meng-ge, ZHANG Ya-juan, WENG Ye-yang, LI Xiao-yong, KONG Jie-jie, ZHAO Tuan-
jie, HE Xiao-hong
( Soybean Research Institute/National Center for Soybean Improvement/Key Laboratory of Biology and Genetic Improvement/Key Laboratory of Biology and

Genetic Improvement, Ministry of Agriculture/National Key Laboratory for Crop Genetics and Germplasm Enhancement, Nanjing Agricultural University,
Nanjing 210095, China)

Abstract: The Yangtze and Huaihe River Valleys (YHRV) is an important area for soybean production in China. However,
seasonal drought occurs frequently in this region, thus it is very necessary to identify and screen new drought-tolerant germ-
plasms adapting to there. In the present study, 210 accessions of soybean germplasm, including 159 new breeding lines devel-
oped from YHRV and 51 parental lines, were planted in plastic pots under water-stressed and well-watered conditions in rain-
proof greenhouse in both 2015 and 2016. The drought tolerance coefficients of shoot dry weight (SDW) , plant height (PH) ,
tap root length (TRL) , and root dry weight (RDW) at seedling stage were used as drought tolerant indices. Principle compo-
nent analysis, the subordinate function value method and cluster analysis were jointly applied for comprehensive evaluation of
drought tolerance for the tested genotypes. The results showed that the four traits were significantly decreased under the water-
stressed condition compared with those under the well-watered condition. The averages for SDW, RDW, PH and TRL were re-
duced by 54% , 42% , 39% and 15% , respectively. The analysis of variance (ANOVA) showed that there was very signifi-
cant differences between the two water treatments among the tested genotypes for all the traits, moreover, the first and the sec-
ond order interactions of the three factors, i. e. genotype, water treatment and year, for the PH and RDW were very signifi-
cant. There was significant positive correlation relationship for drought-tolerant coefficients between SDW and PH, SDW and
RDW, TRL and RDW, which reflected the inherent relations among the original drought tolerant indicators. The first three in-
dependent principal components extracted from principal component analysis accounted for 83. 61% of the total variability and
could adequately replace the original four indices which had overlapped information. To obtain the drought tolerance compre-
hensive evaluation D-value, the principal component scores for all the genotypes were then standardized through subordinate

function and further average with corresponding eigenvalue as weight. All accessions were divided into five classes, 1. e. high
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drought tolerance, drought tolerance, medium drought tolerance, drought susceptibility and high drought susceptibility, using
cluster analysis based on D-value. Five accessions (T1A2077,YC4H/NN88-31//NN73-935, M8108, NN88-48/NN864 and
NN88-48/D76-1609) were identified as high drought tolerance and 57 was identified as drought tolerance among the total sam-
ples. 27 lines (32.53% out of 83 genotypes in this region) from Southern YHRV and 19 lines (25.00% out of 76 genotypes
in this region) from Northern YHRV were identified as high drought tolerance or drought tolerance. The screened genotypes

could be used for drought tolerance breeding in soybean.

Keywords: Soybean; Seedling stage; Drought tolerance; Comprehensive evaluation
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Table 1 Name, source, drought tolerance, D-value and tolerance grade for the tested genotypes
5 P4 S DfE i A2 %5 2 U DfE fif S
Code Name Source D-value  Tolerance grade || Code Name Source D-value  Tolerance grade
1001 28108 M8108  ¥fidt NHRR 0. 641 B 5 HDT 1007 HD6H/KX3H ife|b NHRR 0.522 i 5 DT
1002 NG94-16/DHP  ifidt NHRR 0. 566 fiit % DT 1008 Y10-05 It NHRR 0.518 i 5 DT
1003 ZC3/NG1182  #fidt NHRR 0. 559 it 5 DT 1009  NG118/0194-57 ]t NHRR 0.515 fif 5 DT
1004 NG94-16/YC4  ¥fidt NHRR 0.552 fiif & DT 1010 #7515 XD15 ifedt NHRR 0.506 i 5 DT
1005 #*G 18 XDI8  jfiJt NHRR 0.535 ffit 5 DT 1011 CD5H/T173 #EJL NHRR 0. 502 fif 5 DT
1006 ZC3/NG118-1 it NHRR 0.531 it 5 DT 1012 SXYSD/AGH eIt NHRR 0.500 it % DT
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%5 B2 P Dfg it 544 ) %5 2 P 3 DfE fit S5
Code Name Source D-value  Tolerance grade || Code Name Source D-value  Tolerance grade
1013 1 520 SD520 it NHRR 0. 498 fiit 5 DT 1055 CD5H/V95-5390 ifidt NHRR 0. 347 TR DS
L014 CD5H/V95-5390 et NHRR  0.497 fiit 5 DT 1056 #1516 XD16 fedt NHRR - 0.341 [ R DS
1015 T821101 #EJL NHRR  0.492 it 5 DT 1057 MSB/TFS #Edb NHRR  0.340 T 24U DS
1016 CD5H/HP202 fidt NHRR - 0.489 fiif & DT 1058 T821096 ifidt NHRR  0.337 TEAHUR DS
L017 YC4H/GYHD et NHRR 0. 486 it 5 DT 1059 NG94-14/1A2032 #fidt NHRR - 0.337 F R DS
1018 118]7/Forrest JEJL NHRR - 0.480 M5 DT 1060 HASHE/44-1 RBQ/44-1 L NHRR  0.333 T2 DS
1019 7807259/HD12 it NHRR - 0.473 fiif & DT 1061 XLQ/CD5H fidt NHRR  0.328 TEHUR DS
1020 120324 #edt NHRR 0468 Wit MDT || 1062 NG94-14//J131/DHP  fidt NHRR  0.327 TR DS
1021 LF/YC4H #EJL NHRR - 0.460 PR MDT || 1063 FY434/CDSH Mt NHRR  0.324 T-E4U% DS
1022 412785/YCAH Medb NHRR - 0.459 il 2 MDT || 1064 AJZ/NG118-2 fidt NHRR  0.320 TR DS
1023 7D20/AGH WL NHRR - 0.455  fUefif i MDT || 1065 SD007 ifid NHRR - 0.316 TR DS
L1024 NG118-1/JD7H Mt NHRR - 0.451  fifEEfif 5 MDT || 1066 FD33/NG94-5 ifidt NHRR - 0.309 TEHU% DS
1025 CD5SH/ZYD4219B2  ifiJt NHRR 0. 451 TS MDT || 1067 YD22/Pella Wb NHRR  0.305 T 2K DS
1026 NG118-1/JD7H HEJL NHRR - 0.444  HEE MDT || 1068 HY5-1 #EJL NHRR - 0.301 T4k DS
L027 AJZ/NG1183 #edt NHRR - 0.443 it MDT || 1069 LU-01 ifedt NHRR  0.297 F R DS
1028 %5 13 XDI13 #EJL NHRR  0.436 PSS MDT || 1070 LF/USP90-2 ML NHRR - 0.268 T FiR4Uk HDS
1029 NN73-935/70102 MJL NHRR - 0.432  fPERIE: MDT || LOT71 T 7 %5 HDTH MeJt NHRR  0.265  TE.8#UK HDS
L030 CD5/AJZ #edt NHRR  0.430 Wi MDT || 1072 CDSH/HF35 M NHRR - 0.252  FHRBEK HDS
1031 NG94-16/J131 Mt NHRR - 0.425 Wit MDT || 1073 T119-1 #edb NHRR - 0.248  TERAEUR HDS
1032 HLO3/NG94-14 Mt NHRR - 0.422 il 2 MDT || 1074 NG118-3/792029-2 #edb NHRR - 0.245  FRMREEUR HDS
1033 LF/USP90-2 #idt NHRR  0.418 Wit MDT || 1075 USP90-2//CD5H/CDIH it NHRR  0.236 T Rafsk HDS
1034 NG94-16/1A2077 #edt NHRR - 0.410  WifEEfif 2 MDT || 1076 NG118-2/0194-47 #edb NHRR - 0.196 T E3REUR HDS
1035 LF/USP90-2 Medt NHRR - 0.409 i 2 MDT || 1077 YC4H/NN88-31//NN73-935 Hfifi SHRR 0. 645 S 5 HDT
1036 USP90-2/NG118-1 34t NHRR ~ 0.398  rfiiFjiif 52 MDT || LO78 NN88-48/NN86-4 #pg SHRR 0. 636 S HDT
1037 NG94-16/TW75 b NHRR - 0.394 TEHURDS || 1079 NN88-48/D76-1609 Mg SHRR 0. 624 S HDT
1038 NG1182/0T94-47  H#:Jt NHRR  0.390 TEEDS || 1080 NN493-1/YC4H #Ef SHRR  0.586 it % DT
1039 Y551 FD51 it NHRR 0. 387 TREERDS || L8l NN864/CD5H G SHRR - 0.583 fit 5 DT
1040 T821060 #iJt NHRR - 0.385 FEGUEDS || L1082 SB/JD74//NN9910 #ipd SHRR - 0.581 i & DT
1041 CD5H/HNSH #JL NHRR  0.384 TEREDS || 1083 NN86-4/Vance #iH SHRR  0.568 fif & DT
1042 NG94-16/N2899 ifidt NHRR - 0.380 TREURDS || Los4 CX//NXHD/YC4H MR SHRR - 0.559 i 5 DT
L043 R34 35 KF35 it NHRR - 0.378 FREURDS || L85 NJ9OL-1 #RG SHRR - 0.548 fiit 5 DT
1044 AJZ/CDSH #JL NHRR - 0.377 TRIEDS || 1086 4 99-10 NN99-10  ifpi SHRR .54 it % DT
1045 #%. 14 XD14 MJL NHRR 0. 366 TRIgEDS || 1087 NN86-4/7424 #ERi SHRR 0.539 it 5 DT
1046 CD5H/HF35 #fidt NHRR  0.365 TREURDS || L0s8 NN87-23/NN86-4 #iRd SHRR  0.537 fiit 5 DT
1047 ZCIH//LE/YC4H  HEJb NHRR  0.365 TEHEDS || 1089  Fife 11382 NN11382  JfRj SHRR  0.532 i % DT
1048 7807301/8N12 #JL NHRR  0.364 TRIBEDS || 1090 NN86-4/NN242 #Ef SHRR - 0.528 fiit 5 DT
1049 110001 fidt NHRR 0. 364 TREERDS || L9l NN86-4/D76-1609B1  ¥fpg SHRR  0.526 it 5 DT
1050 T890790 #idt NHRR  0.363 TREEDS || 1092 NN86-4/NN242 Hipd SHRR - 0.524 i 5 DT
1051 1187/ Forrest #JL NHRR  0.362 TEHEDS || 1093 NN86-4/D76-1609 WER SHRR - 0.521 it % DT
1052 Y10043 #EJL NHRR 0. 360 TEHUEDS || 1094 Rk 88-31 NN88-31 R SHRR - 0.521 fiit 5 DT
1053 V97-6490B/NN95C-13  ifidt NHRR  0.359 FREDS || 1095 NN86-4/NH5 MR SHRR - 0.518 fiit 5 DT
1054 NG118-1/JD7H #JL NHRR  0.358 TEEEDS || 1096 NN73-932/7S18 fwg SHRR  0.508 fif & DT
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%5 B4 kB DH G || H5 P4 F DfE fif P2
Code Name Source  D-value  Tolerance grade || Code Name Source D-value  Tolerance grade
1097 Y(96-4/NN864 R SHRR 0. 507 fiit 5 DT L139  CD5H/NN8848 iferg SHRR 0.386  THHUR DS
1098 NN86-4/NN242 iR SHRR 0. 504 fiif 5 DT L140  NN73-932/7S18 iR SHRR 0.378 F LA DS
1099 NN493-1 R SHRR 0. 491 fiit 5 DT L141  NN8848/N21534 g SHRR 0.375  TEHURDS
L100 NN86-4/RLFI Rd SHRR 0. 490 fiif 5 DT L142  NN86-4/NN242 73 SHRR 0.373  TRHURDS
L101 NL-1//XSD/NN88-48 7R SHRR 0. 485 fiif 5 DT L143  NN493-1/YC4H 7R SHRR 0.372  TEHUE DS
1102 ik 87-17 NN87-17 Rd SHRR 0. 476 it & DT L144  Y96-3//YC4/8831 #Rd SHRR 0.371  TEHURDS
L103 ik 87-23 NN87-23 R SHRR  0.475 fif & DT L145  NN87-23/NN864 R SHRR 0.367  TRHUR DS
L104 YC4H/ Graham g SHRR 0.469  wifEFifif 2 MDT || L146  NG94-16/863070D36 ifeRg SHRR 0.366  THAUR DS
L105 NN88-48/HCBYB Wepd SHRR 0.466 Pt & MDT || L147 CD5H/NT-1 g SHRR 0.353  TEHURDS
L106 NN99-6 MeRd SHRR 0.466  rifEifif 5 MDT || L148 118J4/XY4 feRd SHRR 0.351  TEHURDS
L107  SP//ZGDD/YC4H///SP  Ufid SHRR 0.464 it MDT ||L149  33% 8 % SDSH iR SHRR 0.350  TEHUK DS
L108 YC4H/NG5545 WA SHRR 0.463  WifFfif 2 MDT ||L150 55 8 & TDSH i3 SHRR 0.346  TEHURDS
1109 22369/ NN8848 WG SHRR 0.461 PR MDT ||L151  NN864/N21534 fErg SHRR 0.339  TEHURDS
L110 NN88-48/DHP WER SHRR 0.459 i MDT || L152 NN88-48/AGH 7R SHRR 0.331  TEHUE DS
L111 NN86-4/7424 #eRg SHRR 0.456  fifEfif 2 MDT || L153  NN88-48/NG4690 g SHRR 0.315 [ Uk DS
L112 NN86-4/NN242 e SHRR 0.456  PEEfif R MDT ||L154  NN88-48/YC4H iR SHRR 0.309  TEHURDS
L113 Y96-3/Vance Wi SHRR 0.456 i 2 MDT || L155 NN86-4 MR SHRR 0.303  TEHUs DS
L114 NN88-48/T173 Wepd SHRR 0.449 Pt 2 MDT || L156 JhfE 21 SX21 g SHRR 0.297  FEAEURDS
L115 YC4H/NG5545 Mg SHRR 0.445  rufEfif 2 MDT || L157 Tk 39 NN39 #Rd SHRR 0.291  TEHURDS
L116 NN86-4/NN242 Mg SHRR 0.443  fuffif 5 MDT || L158 TEPZ-G R SHRR 0.230 THEi#REUR HDS
L117 NN88-48/RLFI g SHRR 0.440  wifrfif 2 MDT ||L159  NN86-4/NN242 g SHRR 0.229 FRiRMUR HDS
L118 W75 TDTH 7R SHRR 0.438 it 2 MDT || L160 1A2077 [ USA 0.660 i HDT
L119 NN86-4/XSD//NN87-23  ifigg SHRR 0.435  thEEfit 2 MDT || L161 K DHP 5 Henan 0. 564 fiit 5 DT
L120 USP90-2 #iRg SHRR 0.428 i 52 MDT || L162 119 ZD19 4L Hubei 0.559 fiit 5 DT
Li121 NN86-4/D76-1609 Wi SHRR 0.426 P MDT || L163 Beeson 27 USA 0.539 i 5 DT
L122 NN73-932/7S18 WERG SHRR 0.422 TS MDT || Li64 NG94-156 Y135 Jiangsu 0.534 it % DT
L123 BG/SB//XY4 WER SHRR 0.422 i MDT || L165 5% 8206 M8206 Y Anhui 0.533 fiit 5 DT
L124 22369/NN88-48 Wepd SHRR 0.417 Pt MDT || L166 11 96-3 Y96-3 W1t Hubei 0.528 i & DT
L125 JD74/NN99-10 MRS SHRR 0.417 i MDT || L167 #4145 KFIH JL5 Beijing 0.524 fif & DT
L126 NN864/RLFI iR SHRR 0.416 TR MDT || L168 bk 31 J131 K Jilin 0.523 fif 5 DT
L127 NN73-932//90L-2/YSD  fpg SHRR 0.415  ffififif & MDT || L169 NG4690 2[5 USA 0.515 fiit 5 DT
L128 YC4H/NGS545 MR SHRR 0.414 S MDT || L170 PI416937 3 USA 0.507 i % DT
L129  NN88-31/YC4H//NN73-935 Ifpg SHRR 0.410 it MDT || L171 W23 JD23 11175 Shanxi 0.503 i 5 DT
L130 NN493-1/YC4H WERG SHRR 0.408  rhprfit s MDT ||L172  ZE245 TXHD VL9 Jiangsu 0.497 fiif 5 DT
L131 NN73-935/NG6255 MRS SHRR 0.407 et R MDT ||L173 gl NXHD % Guangdong 0.484 fif 5 DT
L132 NG118-3/TLYSDBI Mipg SHRR 0.405 M5 MDT || L174 BIE75 W75 JE AT China Taiwan  0.482 fiit 5 DT
L133 SDIH/AGH #iRg SHRR 0.401  fuifif 5 MDT || L175 % CX L7 Jiangsu 0.479 fiit 5 DT
L134 YC4H/SP #fidg SHRR 0.399  WifiEfif = MDT || L176 Graham 3:[H USA 0.465  hEETE MDT
1135 YC4H/NN88-31 MR SHRR 0.392  FREUEDS ||L177 %5 8% XDSH JLJ7 Jiangsu 0.461  HUETE MDT
L136 NN86-4/XSD MRI SHRR 0.391 TR DS || L178  J 92029-2 7920292 Ji[% Henan 0.443  hEFTE MDT
L137 3.6 5 CD6H Mg SHRR 0.390  TREHUEDS ||L179 #5145 CDIH Z#Y Anhui 0.441  EFfTE MDT
L138 YC4H/SB #idg SHRR 0.387 T R4U8 DS || L180 T XLQ 8 Anhui 0.440  EFTE: MDT
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Code Name Source D-value  Tolerance grade || Code Name Source D-value  Tolerance grade
LI81 5 7% JDTH 4t Hebei 0.431 A & MDT || 1196 019447 F [ USA 0.377  TEHUS DS
L182 fif¥B 4P HDLWQ it Hebei 0.428 T MDT || L197 Wit 3 5 ZC3H WiIL Zhejiang ~ 0.367 [k DS
1183 Vance % USA 0.426  ThpEETifE MDT || L198 NG6255 % USA 0.361  TEHURDS
LI84  ifEkb 45 YC4 L5 Beijing 0.422 Tt R MDT || 1199 TI73 A7 Japan 0.355  THHUK DS
L185 NG5545 E[E USA 0.419 T & MDT | 1200 T821058 JLHR Jiangsu 0.354  FTREUKXDS
L186 165-3366-C %5 USA 0.410  WEFTE MDT || 1201 435 HF3S HJpIT Heilongjiang  0.336 TS50 DS
LIS7  M4c26 HN26 MBIl Heilongjiang 0.408  HTREfif5: MDT || 1202 IR AJZ 1t Hubei 0.326  TRHURDS
1188 D76-1609 E[E USA 0.401  FHEETi & MDT || 1203 J/INE ZXD JLH5 Jiangsu 0.306  THHUK DS
L189 EFFEE AGH ) Anhui 0.400  PEFHTE MDT || 1204 N7241 ) Anhui 0.292 T2 AU DS
L190 HLO5 S5 USA 0.392  THEUZDS || 1205 B295 S5 USA 0.288  THAUK DS
L191 ZW-1 YL Jiangsu 0.392  THHUZDS [[1206 W1\ I HCBYB 1t Hubei 0.246 T R#RHUK HDS
L192  IEJH 148 ZY148 TR Henan 0.392  FREUXDS ||1207 @14 % 5 H TSBPHD] L Hubei 0.241 TRIRHUK HDS
L193 IGA#HE T LHFQD L5 Jiangsu 0.385  TEMU&DS ||1208 W21 Jp21 117G Shanxi 0.231 TE#HUR HDS
L194 964 Y964 Bt Hubei 0.381  THEUZDS [[1209 1/ 00683 ZZ00683 L5 Beijing 0.230 TR HDS
L195 NH5 208 USA 0.381 FEAUK DS || 1210 i1l #E S TSHD 1t Hubei 0.223  FRERMER HDS

NHRR = it ; SHRR = jf i ; HDT = 327 52.(0. 586 < D <0. 660) ; DT = fif 52(0. 469 < D<0. 586 ) ; MDT = i ETif 52 (0. 394 < D<0.469) ; DS = - 524/ (0. 268

<D<0.394) ;HDS = T 558 s ( D<0.268) ,

NHRR = Northern Huaihe river region; SHRR = Southern Huaihe river region; HDT = High drought tolerance (0.586 < D) ; DT = Drought tolerance (0.469 <D<
0.586) ; MDT = Medium drought tolerance (0.394 <D <0.469) ; DS = Drought susceptibility (0.268 <D <0.394); HDS = High drought susceptibility (0.196 <D<

0.268).
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1.3 MEmMBEAE

B (plant height, PH, em) « F BRI 50
2 A AR 00 2 K R K R MR K (tap root
length, TRL, em ) : 15 R 52 D\ it 2] 32 AR 2 i 119

K #h | T 5 (shoot dry weight, SDW,¢g) (M T
T (root dry weight, RDW, g):105C &4 F R &
30 min, f£F 80°C & T oL T R HE, L+ KPR
o WE Ty 122 RECCOR Gl B T 15 4 3 R A A
priE)
1.4 HUESH

FIF SAS 9.2 HifFf) MEANS i #2015 454
R B TR R B A GE T B GLM i AR ik AT
PAE T 5L 0 iR 0 A J7 224 BT \CORR 1 72>
THA. Pearson A ¢ R %L, T 22 43 B e I 9 e P 5
Ry

Y =+ & +8; 1, + (gs)ij +(gt), + (St)jk +
(gSt)ijk +rign teiu

Horbr o O A58 g, Siali i s TR U 2
Ni(i=1,2,---,210) 55 KK BRRON (j =1,2) 51,
ARG RN (k =1,2) 5 (gs) . (gt) M (st) y, R FE A
B K53 b BRFNAE Ay = K 7 (6] — S B AR 5 (gst)
h bR = T 8] R B AR 5 7y AR X KO3
UEFRERER AN (1 =1.,2.3) se, BEHLIRE
L5 MRHEE

SR P A 0 BT P25 A VP D fE Yk
Xof Pt A 2 ) it 52 1 AT M RO IH A, F
SR AL
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(1) 358 4% A~ 35 PR U A & A PR R T 52 P )
J&—ifit 5 &2 80 ( drought tolerance coefficient, DTC) ;

DTC,, = y,yws)/ Y igoww) X 100%

HA 5 ows) T Y iyowwy 23900 0 5Bk 38 F0GE 5
PO PR AL @ (1=1,2,--,210)7E ¢ (¢ =1,
2, 4) PR WA - 248

(2) XA [ R e T 5% 2R A7 32 L0 20
A I A1 it 57 2 5100 AT BB A7 7 B R DG 1T 3 1 1Y
F RSSO E S, ] I 30 RE XS 78 1 AT PR 4 . AR
FBTTIRA KT 80% HUHEIISZIBET P A~ Wi,
DIEAUCA By i 5 2R 00 T B, THR A
SRR 2 i AR v, (p=1,2,--,P)

(3) | SF T o 50K 2% 5 PR B A il 42 BB %1
Fsr B R E AT R HE AL (BR BE S X[ [0,
1]):

x;p =u(x,) =[x, —min(x,) |/[ max(x,) — min
(x,)]

Hor s max (o, ) T min (v, ) 53531 S i A7 ik R R 7
5 p AT AR R A B/ ML

(4) A A A A S 25 5 PR D E (1%
FEPI AT BT 42 O 25 > L B AR HEAR TS 4 1
INECF150) -

D, = Zle (wpx;p)

Hobiw, =,/ S0 (A,) W p A LRSI
A, SERIMSIBTA p A TR IORFIE(E.

(5) LU HEIR BT LS A P4 D 1l b
HEFT RIS H ORI TS 5 2% B 5
SR S 53 S M X1 DR R 2 5
A4,

TRAT T R TR R e 225 BT
SAS 9.2 # {4 v i) PRINCOMP HI CLUSTER i
T2

2 HR5SH

2.1 EHHTFEMNLEXEE MRS EREXHE
N kA

H e 2 AlA, TR0 T 4 A SR A SR
YA R T [, Mo 3BT 8 RT3 ks
FARK I BIEAR 54% 42% 39% F 15% , #5+4E
AR 2 RBO A REAN T 8.75% (b)) ~
24.19% (M ¥ , BT A5 i S PEAR G MR 11
FEAEANTRIRE B A B R AR 2 5 | DRI IO 1 A FH 22 A PRt
K I S LA . ANATER R, AR
KEA KT 5 5 40(0.85) , A2l K 0. 61 ~
113, UERA TS50 N AR R AT Rl A e e (L 2
PEaE) EARAE R LU T REGRAFEXT K 2 IR

R2 XEHHMEEEXMEREEZMANTREBEEZG THRRSEITER

Table 2 Summary statistics of all traits related to drought tolerance at seedling stage

in soybean under water-stressed and well-watered conditions

ERUN ab B SR + b AR R LS iii$ 5 2 4 DTC
Trait Treatment Mean + SD Range CV/ % Mean + SD Range CV/%
o TR WS 4.39 +1.04 2.11 ~7.97 23.60 0.46 =0. 11 0.20 ~0.79 24.19
SDW/g ww 9.63 £1.43 6.78 ~15.59 14. 83
7 = WS 37.58 £4.21 23.07 ~48. 60 11.21 0.61 £0. 05 0.45 ~0.76 8.75
PH/cm A 61.67 +7.30 40. 41 ~98.99 11. 84
FRE WS 29.62 £2.47 20. 50 ~38. 00 8.33 0.85 +0.09 0.61 ~1.13 10. 45
TRL/cm ww 35.18 £3.23 27.50 ~46. 60 9.17
RTHE WS 0.75 +0. 12 0.50 ~1.32 15.95 0.58 0. 10 0.26 ~0.92 17.24
RDW/g ww 1.34 £0.27 0.71 ~2.54 20. 02

SD = B2 ; CV = LR R H DTC = it 5 280 WS = T R0, WW = IEF K

SD = Standard deviation; CV = Coefficient of variation; DTC = Drought tolerance coefficient; WS = Water-stressed; WW = Well-watered.

X 25 T 57 PR SR AR A A 1 5 il i 3 B 2 2R
PEATHRG T 220007 (32 3) , B R R WA MR A 2 [
U] 7K S Ak 3 8] A4 5 [8] 3 77 70 A% 2 35 A9 22 5%,
DB 22 57 500 25 PR ™ A 4 a4 FH AR
SRS G R MR AR T E PR
S EIRIN 73 B E 8 i o S S B ] Bt L 4
VEZBON P4 DA A S 25, U I LI A PR S i It

5 DR RN = 52 30 VPR 58 A8 A A7 A 22 S R O,
LA FE DR R0 - 5 13 300 1) 2 5 0 o7 38 2 PR A 05 748
AT A4, PRI — 75 T 7 2 £ %ok = 5 AT AN [ o i
4R 3 DN B A7 (i i A% B IR IR A Y, 55 — T
TS 5P P S 0 R 3 23 S BRI R W), 22 1o 1 AR S
R 5% O 2 e DR R 7 kA 22 A4 Bl 22 1 2 B B

JENL 8
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Table 3 Analysis of variance for the four traits related to drought tolerance at seedling stage in soybean

5 S Y A My b E SDW B PH FARK TRL R TH RDW
Source of variation DF MS F MS F MS F MS F
X ZH (4RO x Ab 3 .
Block within year x trestment 8 3469  7.08** 1100.75 24.06**  603.59 18.84** 3.16 29.69* *
FEHM G 209 8.03  1.64** 333.66  7.29°* 60. 01 1.87%* 0.36 3.41%*
AbERT 1 4842.84 989.21** 361849.87 7909.07 * * 18880.47 589.46** 211.12 1982.49* *
ARG Y 1 11350.22 2318.42* * 776.11  16.96* * 86382.37 2696.90** 136.50 1281.75**
FEAE x Zh 3 G x T 209 3.90  0.80 85.20 1.86** 37.95 1.03 0. 14 1.38%*
B x AF 4y G x Y 209 7.46  1.52%* 83.68 1.83** 37.95  1.18* 0.15 1.37"*
AR ) AR T x Y 209 90.39  18.46 8685.09 189.83** 4.18  0.13 7.63 71.66 " *
FEPF# x QbR x 4EfY G xTx Y 209 3.80  0.78 52.49  1.15 38.06 1.19° 0.10 0.98
%% Error 1672 4.90 45.75 32.03 0.11

G =JENTLT = ALY = 4R003; MS =377 F = F{8; " M1 " 230UAE 0. 05 H10. 01 KPIAFN R

G = Genotype; T = Treatment; Y = Year; MS = Mean square; F = F value; *and

respectively.
2.2 HBiSEMEAXMEREBEKXES

4 BT AT SR AE SRR ) B8 AH OC R 8K
TET 50 24T, B bk i 9 BRI AR T A A
KA ZES, Feox PR ) 32 77 76 A 35 T AH 56 5 i
AR Sk v 1] AR OC B B (r = 0..465) , K
UOEH AT E SR EBE] (r=0.347) , X LEPEIR
(TS 57 2 KSR RH O 2 B0 — P O i 2 3% TE ARG (&L
Eii: O w7 T 1N 1w R ST 23 e N 11
FERKERFEW) o X SEAH M R 1 PR ]
A NTERR AR IR 1 B B AT 4 T R S i A
PN IR BRI XM E S

F4 KREEHTEMEHEXMIKE R Pearson 16X R

Table 4 Pearson’s correlation coefficients
among the four traits related to drought tolerance

at seedling stage in soybean

(EN B R i e ERK Rt
Trait SDW PH TRL RDW
SDW 1..000 0.465"*  0.137"*  0.347""
PH 0.288**  1.000 0. 042 0. 069
TRL 0. 107 0. 046 1. 000 0.233""
RDW 0.191"* 0.033 0.271"*  1.000

s b R R SRR A5 IR TR] AR DG R B 22X T F R
AR 5 2 HR] AR DG A EG - AT 3 AR AE 0. 05 F10. 01 7K
Pk 5 B E AR

Above diagonal, the correlation coefficients among the traits under
water-stressed condition; Under diagonal, the correlation coefficients a-
** represent significant at the

mong drought tolerance coefficient; * and

levels of P <0.05 and P <0. 01, respectively.
2.3 WMERBHERS ST
(2.2 795 B e B A R SR AR SR ]

* " represent significant at the levels of P <0.05 and P <0.01,

FAAEAR B IS SO S, PR Z5 5 E A IR BB ] £
AR . 32 A3 0 At Al LRSI 26 S PR H 5B
A P — 2T R B ST ) £ 4R AR R AR
Ko RS ATHL AT 3 A T R TTERR A
83.61% , REAARIEAT 4 PRI 52 2 Ko 4 i o
R B FAT PR AT T 3 A 32 A3 X R B
W PAEFATLE SV . B 1 ERMES IR b
AT R BT, JEH IR A T8 (0. 571 2) A0
MRATE(0.523 3) b, i ABEMAYEN T, 2 £
JEA e BRI R SR B B AT R AT, AT
VI AR 53 T EhR N o 26 3 e AR
KR A i R B # AT (0.661 6), 7] LLFE 1 F R
SIS
xRS BFUERTHEBERBNERMFERNERTEHE

Table 5 Eigenvectors and contribution rates of the major
principal components derived from the drought tolerance

coefficients for the four traits

FFE W] Eigenvector

i 3 1 a2 st 3
Trait
Component 1 Component 2 Component 3
b - FB+H SDW 0.5712 0.3676 0.3841
R PH 0. 4269 0. 6274 0. 4049
FMREK TRL 0. 4666 -0.5146 0. 6616
AR TH RDW 0.5233 -0.4543 —-0. 5009
FHE{E Eigenvalue 3.0167 1. 1266 0. 8855
Ttk Z Contribution rate/%  36. 92 27. 66 19.03
LA es
36.92 64.58 83.61

Cumulative contribution/ %
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2.4 STEAT MRS EH 2SS N6
245154

452, 3 A PRI RT3 A S
B P 0 AT 25 5 5 0, 28
o S R B 4 5 4 A A4 S A
BV 30H7 , FH H 45 DRR f T  25 4 3F
fr D (R ). LA D W RIT R SR K 4
PR BRI A 5 26 B 5 BT S bE 14 4B
(F6)  f5 20 5 4% {3k 4 PR 70 S5 901 41 (
D)o MR R R MR S B (f3 4R
1A2077 .YCAH/NN88-31//NN73-935 5% 8108 . NN88-
48/NN86-4 f1 NN88-48/D76-1609) Tt 448} 57 1
(3515 2. 52% ) , F- 53U 2% - UK 86 £
(1 40.96% ) . e FIYEILHLIK Y 76 13 S ( )
i, JEBUBR S AT 19 65 (5 25.00% ) , %
BT SRR AR o T USRI 40 13 (15 52. 63% ) ;
SFe [ R ML I B 83 BT R () o, 2 B SR
it F A 27 G (1 32, 53% ) , BT T3 U

TEURAA 25 £ (30, 12% ) 551 1 S5 AR B
rh, SRPL R it 5 Bt 5 16y (5 31.37% ) , %
A R R T R R A 21 (5 41.17% )
VAL b X Y s 52 B AR ER A (R ) A 5
8108 (L001) .NG94-16/DHP(1002) #: 5. 18 (1005)
R 15(L010) 45, - S flUsk sl T F U 3R i
(&) A T119-1 (1073) (e T 7 5 (LO71) FI
NG118-2/0T94-47 (1076 ) 55 ; T R My X 58 1 5 5 1
BALE A (FR) A NN8848/NN86-4(1078) .NN86-
4/CD5H ( 1081 ) ., NN8848/D76-1609 ( LO79 ) I
NN86-4/Vance (L083 ) 45 , T~ -5 fUR T US4
FanFh(FR) A IR fE 21 (L156) 4R 39 (L157) Al
TEPZ-G(L158 ) 55 ; s A A Ak b i 5 it 54 R
(&) A 1A2077 (L160) , Beeson ( L163) . 5% 8206
(L165) PI1416937 (L170) F13% & 23 (L171) % ; T £
SRR BT P U R R (FR) A AE 00683
(1209) @ 1B (1210) A &L 21 (1208) 45,

F6 WHXEMBEBMIEUERINSEREFRS S

Table 6 Grouping and frequency distribution of drought tolerance grades at seedling stage in soybean

(e e &l D fHYE SEEA (L) WAL (A ) R (A L) FAGHI)
Drought tolerance grade D-value range Whole sample/% NHRR/% SHRR/% PL/%
37t 5 HDT (0.586, 0.660] 5(2.38) 1(1.32) 3(3.61) 1(1.96)
fiit 5 DT (0.469, 0.586] 57(27.14) 18(23.68) 24(28.92) 15(29.41)
Hh T 5 MDT (0.394, 0.469] 62(29.52) 17(22.37) 31(37.35) 14(27. 45)
TRty DS (0.268, 0.394] 72(34.29) 33(43.42) 23(27.71) 16(31.37)
F Al SR AU HDS (0. 196, 0.268] 14(6. 67) 7(9.21) 2(2.41) 5(9.80)
21} Total 210(100) 76(100) 83(100) 51(100)

NHRR = 1t s SHRR = e s PL = 454 DT = 3875 5% DT = it 5 s MDT = Hoiit i ;DS = TS HDS = T 5438 e
NHRR = Northern Huaihe river region; SHRR = Southern Huaihe river region; PL = Parental lines; HDT = High drought tolerance; DT = Drought

tolerance; MDT = Medium drought tolerance; DS = Drought susceptibility; HDS = High drought susceptibility.

3 Fig5itie

KGR AR S 2R i B R, Bl it — &R 5
A AR AR S A R B R, BAT BRI 5T
() SR B N 25 A B g 0 2 At AR R 2 0 77
Ty ZR AL K BN B LAAR RS K 28 2R O 48 kA7 2 40
i SR, o T S WL A £ 245 1 ) BRI 45 A
ABE AR . BT 12 ok E AR
R SRR sREGE AT Z I8 AR W R LR 5 M
{ELEA ) SR R K0 2 18 bR 2 5 VR S RE TR BR I
A TP AR 8] A7 76 A [] i B2 9 AH 5 P T 3 il 15 8.
LG EE, MTZEFE o — LR 8] A7 764 25 A
Ko ARICVAREH 4 AT FPEAH SRR B i 5 2
SO D AR S AR b, B R0 1R 255 A D
PR R0 % K W I S AT 2R A A

58 9% BRI 5 ZR 6] A 56 2R K BOM B i 3 I AH
DL S T 48 AR A WFEER R, B BT
T RN IS A7 7R 5 B e X AE S,
RIS 3 B 17 A AN [ T R S 1 TR R
BN AT ST Y 25 A 38 AR 5 R PR B0 DA 4%
BRI AR AL [0, 1] X ]
AT R A M 2 R PR 2R (] R ) L
DAAS F2 A AT A8 9 AR B A2 D AR BE
HRET 4 R BB 2L R, SR A UE A E
(T 5 LA D B A5 AR IEAT 2R 8 R, il o Tt
PRI 43 28 b U, TR)RE T DL s 2 A g 43 2 B W
PEO NI SR ARL PI416937 A 5 23 45 1F
I EGTE 7L BN T R AT S

ANHIFE 3 e i ) O i M DX R R R 6 R
27 3 ( iZHB XA R B 32, 53% ) WAL HLIX B
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PI416937" % F13 5. 23"y Bip ABIF 5 41 2 F) T 57
PR E 21(1208) Y AR ABESE L S 5
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B A O, AT e T AR 6 PR 1 2% 1
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Ancestors Tracking and Genetic Dissection for Released Soybean Cultivar Hei-

nong 48

LIU Xiu-lin'*, ZHANG Bi-xian’, LIU Xin-lei’, LUAN Xiao-yan’, WANG Guang-jin°, WU Jun-jiang’"’
(1. Post-doctoral Research Center, Heilongjiang Academy of Agricultural Sciences, Harbin 150086, China; 2. Soybean Research Institute of Heilongjiang
Academy of Agricultural Sciences, Harbin 150086, China; 3. Key Laboratory of Soybean Cultivation, Ministry of Agriculture, Harbin 150086, China)

Abstract: Heinong 48 bred by Soybean Research Institute of Heilongjiang Academy of Agricultural Sciences in 2004, it is a
high protein and high yield soybean cultivar. Based on ancestors tracking and pedigree tree building, we analyzed parent geo-
graphical origin and nuclear genetic contribution of Heinong 48 , and reveal its genetic basis to provide a reference for soybean
breeding parent selection and use. The result showed that Heinong 48 belongs to Silihuang cytoplasm family, transfer process
was: Silihuang—Huangbaozhu—Mancangjin—Suinong 3—Suinong 4—Heinong 40— Heinong 48. Nuclear genes were provid-
ed by the 15 ancestors, including Jinyuan, Silihuang, Baimei, Pingdihuang, Keshansilijia, Shishengchangye, Yongfengdou,
Jiamusitujiazi, Xiongyuexiaohuangdou, Tongzhouxiaohuangdou, Xiaolihuang, Amsoy, Anoka, Liuyeqi and Dongnong20. Nu-
clear genetic contribution rate was 7.04% , 7.04% , 5.08% , 7.03% , 5.47% , 12.50% , 7.04% ,1.95% , 2.34% ,
3.13%, 1.56% , 6.25% , 6.25% ,1.56% and 0.78% , respectively. In the parent selection process, the local cultivars
with a wide adaptation were often selected as the female, and the bridge parents with the geographical and ecological distant

gene were used as the male.

Keywords: Soybean; Heinong 48 ; Ancestor; Genetic contribution rate
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