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Root and Aboveground Characteristics at Seedling and Their Relationship with

Drought Tolerance in Soybean
WANG Min, YANG Wan-ming, DU Wei-jun

(College of Agriculture ,Shanxi Agricultural University , Taigu 030801 , Shanxi, China)

Abstract: A BIL population is developed from a crossing between SNWS0048 ,a wild soybean with strong drought tolerance
and Jinda73,a drought-sensitive variety with superior agronomic traits. The phenotypic characteristics of the BIL population
were examined in seedling under drought and well-watered condition as well as the controlled environments for two years, inclu-
ding taproot length , root weight,root shoot ratio and so on. Root and aboveground traits and their relationship with drought-toler-
ance were studied using correlations and path analysis, and discussed the heredity characteristic of these traits. The result
showed that plant height, shoot weight, root length and root weight were decreased and root shoot ratio was increased under
drought condition. The correlative analysis showed that drought tolerant coefficient had significant positive correlation with tap-

root length,root weight and root shoot ratio. Path analysis showed that root dry weight in the well-watered condition and root/

shoot ratio under drought stress were the main factors reflecting drought-tolerance of soybean.
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Table 1 The performances of traits in BIL population and parents in 2008
i BIL FF{& BIL population /K Parents
) wm HEeEE  BW pnen | WE WE sxwsods | AT
Treatment ~ Mean + SD Range CV/% Skewness Kurtosis Jinda73
¥k PH CK 22.02 +5.66 11.18-39.10 25.69 0.04 -0.07 36.47 19.17
DS 19.62 £5.36  7.50-36.58 27.34 0.29 0.27 22.97 11.20
LT FWS CK 2.60+1.01  0.39-5.46 38.83 1.01 0.17 1.55 2.52
DS 1.82+0.87  0.374.38 47.70 0. 64 0.89 0.82 1.86
T8 DWS CK 0.58+0.22 0.16-1.18 37.93 0.88 0.40 0.41 0.70
DS 0.45+0.21  0.08-1.05 46.34 0.85 0.85 0.25 0.49
FHEK LTR CK 35.80 £10.05 14.77-72.73 28.07 -0.02 -0.02 44.50 23.90
DS 34.98 £+10.9  10.50-67.26 31.16 0.42 0.24 40.33 11.93
HEEE FWR CK 1.21+0.54  0.48-3.28 44.65 1.57 1.81 0.92 1.24
DS 0.95+0.52  0.25-3.06 54.38 2.21 0.01 0.50 0.90
T & DWR CK 0.23+0.06  0.10-0.52 28.65 0.56 1.92 0.19 0.24
DS 0.18+0.07  0.07-0.42 37.40 0.71 0.71 0.12 0.19
fif i AR 5 [L RSF CK 0.52+0.21  0.06-1.16 40.89 0.33 1.93 0.59 0.47
DS 0.56 £0.25  0.15-1.33 43.97 0.33 0.09 0.61 0.48
THMIELL RSD CK 0.44 £0.18  0.07-1.12 40.35 1.23 3.54 0.46 0.34
DS 0.46 £0.19  0.19-1.24 41.35 2.40 1.41 0.48 0.45

PH ; Plant height ; FWS; Fresh weight of stem; DWS: Dry weight of stem; LTR ; Length of tap root; FER : Fresh weight of root; DWR : Dry weight of root;

Root shoot ratio of fresh weight; RSD:Root shoot ratio of dry weight.
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Table 2 The performances of traits in BIL population and parents in 2009

BIL #{& BIL population

267K Parents

Trait AP M« bR Gl 25 5 Z R o B 53} 5 SNWS0048 RT3
Treatment ~ Mean + SD Range CV/% Skewness Kurtosis Jinda73
Wk PH CK 16.49 £2.19  11.35-23.90 13.31 0.39 0.23 15.20 18.50
DS 12.36 +1.78  6.95-16.70 14.45 0.40 0.50 13.10 10.50
25T FWS CK 1.89£0.49  0.724.14 25.86 -0.06 -0.44 1.11 2.10
DS 1.13+0.37  0.33-2.50 32.22 0.44 0.63 0.67 1.14
Z T DWS CK 0.38+0.12  0.130.95 30.96 0.29 -0.01 0.15 0.65
DS 0.24+0.10  0.09-0.82 40.95 1.96 1.23 0.10 0.25
FARK LTR CK 22.18 £3.79  10.60-37.20 17.11 0.62 0.38 26.35 20.20
DS 20.52 £3.98  6.90-32.65 19.37 0.45 0.52 23.30 18.55
REEHE FWR CK 1.74£0.43  0.60-3.54 24.40 1.25 1.25 1.14 1.89
DS 1.33+0.31  0.43-2.22 23.44 1.49 1.96 1.10 1.34
T8 DWR CK 0.32+0.11  0.13-0.90 34.38 0.88 1.92 0.27 0.35
DS 0.31£0.09  0.09-0.67 30.24 0.98 1.86 0.14 0.32
fif FARIE L RSF CK 0.95+0.22  0.48-1.79 23.40 0.80 -0.43 1.03 0.90
DS 1.26 +0.39  0.57-3.05 31.00 3.70 1.18 1.64 1.18
FEMEE L RSD CK 0.87 0.3  0.252.16 34.58 1.39 2.95 1.13 0.53
DS 1.43+£0.54  0.32-3.97 37.86 3.74 1.83 1.40 1.28
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Table 3 Analysis of variance of traits measured in 2008 and 2009

PEIR Trait B 5K P Variation H B DF ¥ Jr MS gty F W2 P
B PH KIS ALFR T 1 2071. 8932 146. 1664 0.0001
AEREY 1 7093.3338 500.4152 0. 0001
HHNT G 199 21.0147 1.4825 0.0007
SR # HAERE G xY 199 21.2751 1.5009 0. 0005
%2 Error 399 4.1749
ZfEE FWS KA AL EE T 1 114. 8224 271.8189 0.0001
AEREY 1 90. 4425 214.1044 0.0001
HHM G 199 0.5775 1.3671 0.0052
BB AR G xY 199 0.6927 1.6397 0. 0001
i%2% Error 399 0.4224
25F T DWS KA AEFR T 1 4.0046 150. 2896 0.0001
Y 1 7.2313 271.3874 0. 0001
AN G 199 0.0290 1.0882 0.2454
FEP I HAERE G xY 199 0.0279 1.0477 0.3499
1524 Error 399 0. 0066
FAK LTR KA AL T 1 21.2533 0.2884 0.5916
EG Y 1 29911. 1293 405. 8524 0.0001
HFE® G 199 88.9206 1.2065 0.0625
LR S AERE G xY 199 78.2853 1.0622 0.3087
%% Error 399 7.6995
HfeEE FWR KA AL T 1 24.0648 147.7980 0.0001
AEJEY 1 41.9631 257.7236 0. 0001
FEHT G 199 0.2404 1.4763 0. 0007
FERR SAERE G xY 199 0.2547 1.5642 0.0001
%24 Error 399 0.0628
W& DWR IR AL E T 1 0.1640 19.7680 0.0001
EFY 1 1.8775 226.2968 0.0001
BN G 199 0.0083 1.0020 0.4882
S SAERE G xY 199 0.0095 1.1434 0.1474
%% Error 399 0.0003
fif ARG L RSF KPR EE T 1 5.3423 88. 8845 0.0001
AEJE 1 63. 1392 1050. 4958 0.0001
AT G 199 0.0936 1.5581 0.0001
B 5AERE G xY 199 0.1267 2.1077 0.0001
2% Error 399 0.0201
THEMIELL RSD KRBT 1 11.6142 89.5149 0.0001
IERFY 1 70.3746 542.4036 0.0001
FNT G 199 0.1355 1.0441 0.3649
S SAERE G xY 199 0.1518 1.1696 0.1105
%2 Error 399 0.0297

AL WA MRS T PR R E Y. NS KRESFEFMUE AR SR B35, FEE AR a2 A5
PRI A BT 45 R T, B K T B R B, TR 0T, R ERK S RE
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Table 4 Correlations between traits of BIL lines in control

3= BN ETE FAHRK MR i WTE  #ERER TERER
PH FWS DWS LTR FWR DWR RSF RSD

2L fif H FWS 0.472%

25+ DWS 0.577** 0.596 * *

FHREK LTR 0.217** 0.218** 0.211**

Hifif 5 FWR 0.173* 0.449** 0.247%* 0.355"*

R+ DWR 0.416" * 0.485" " 0.404 " * 0.475"* 0.819**

it FEAE L RSF -0.170* -0.574**  -0.303"" 0.075 0.374"* 0.256" *

THEMRE L RSD -0.182" -0.209**  -0.575*" 0.161* 0.355"* 0.400 * * 0.512**

fii 5 2 4 DTI -0.423**  -0.340%* -0.453** -0.484** -0.384** -0.574** -0.055 -0.035

DTTI; Drought tolerance index.

RS TEBEFHTEEKENEXSH

Table 5 Correlations between traits of BIL lines indrought stress

73 EN T E S TR L WTHE  #HEREE TERET
PH FWS DWS LTR FWR DWR RSF RSD

2R FWS 0.585"*

2578 DWS 0.727** 0.421**

FMRE LTR 0.351** 0.349 " * 0.328"*

Hfef F FWR 0.783** 0.709 * * 0.625** 0.362**

WFE DWR 0.914** 0.526** 0.742%* 0.396 " * 0.732%*

fif F AL LE RSF -0.329** 0.479**  -0.306" " 0.031 -0.008 -0.355**

THEARELL RSD -0.436** -0.074 -0.376** -0.131 -0.043 -0.612**  0.477""

fii 5 244 DTI 0.048 0.162* 0.174 " 0.437"* 0.604 " * 0.595**  0.605** 0.537"*

2.4 WMERERHESSHERENERSNT

Skt — A B 4% R ke i S A 4 /N A
YER&AR AT T 30 SRR T 52 2R B0 38 42 0 BT
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Btk ZEBETE T E AR LN, e MR 0 BB
FHERAR AR T3 (- 0.479) |k, T HEil
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A S v B 1 S TS S U SR 3 N OB
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(0. 135) ; T HARGE Mol id 5 AR 6 5 (0. 119) FHfif 5
HRIEE L (0. 106 ) Fr 8] 122 18 42 550 K 5 AR o B 3l o 5 fif
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(0. 167 ) Xt 5+ 28 5™ A= T8l 42 A H 5 25 i o 32 2
i o e AR S A TR A 7 (0. 121) s AR J2 82
el i SHREEHE (0. 149) SEF ARG (0. 148) A1t
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Table 6 Path analysis between drought tolerance index and traits in control
T EHEERRE Tl o3 1 A K
Effect Direct effect Indirect effect coefficient
factor coefficient PH FWS DWS LTR FWR DWR RSF RSD
Fis PH -0.084 -0.029 -0.102 -0.057 0.037 -0.199 0.021  -0.011
ZEfETE FWS -0.062 ~0.040 -0.105 -0.057 0.096 -0.232 0.072  -0.012
2+ DWS -0.176 -0.048 -0.037 -0.056 0.053 -0.194 0.038 -0.033
FAREK LT R -0.264 -0.018 -0.013 -0.037 0.076 -0.228 -0.009 0.009
HREETE FWR -0.214 -0.015 -0.028 -0.043 -0.094 -0.393 -0.047 0.021
T DWR -0.479 -0.035 -0.030 -0.071 -0.125 0.175 -0.032 0.023
i 5 M 5if b RSF -0.125 0.014 0.035 0.053 -0.020 0.080 -0.123 0.030
T H M L RSD -0.058 0.015 0.013 0.101 -0.042 0.076 -0.192 -0.0064
xR7 FTEPEZFHTHERBSSEREWEESH
Table 7 Path analysis between drought tolerance index and traits in drought stress
EHET R R I bt 1 A 5
Effect Direct effect Indirect effect coefficient
factor coefficient PH FWS DWS LTR FWR DWR RSF RSD
e PH 0.041 0.025 0.036 0.077 0.139 0.059 0.133 0.167
X FWS 0.070 0.015 0.028 0.006 0.002 0.021 0.121 0.069
Z£+H DWS 0.059 0.025 -0.034 0.026 0.008 0.028 0.019 0.084
FARK LTR 0. 194 -0.016 -0.002 0.008 0.069 0.023 0.088 0.074
e FWR 0.191 -0.030 0.001 0.003 0.070 0.051 0.179 0. 140
R+ DWR 0.065 -0.038 0.023 0.026 0.068 0. 149 0.148 0. 164
fif TR 56 Lk RSF 0.253 -0.022 -0.034 0.004 0.068 0.135 0.038 0.095
THEMIELL RSD 0.225 -0.031 0.022 0.022 0.064 0.119 0.047 0.106
AT MR 5 X6 R T R A ) S T A 66, IXLLZE IR U] EF A 5 AR A e sg
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RT3 wT 227 e oL —
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