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Abstract Sixty two accessions of soybean ( Glycine max (L. ) Merr. ) selected from 301 representative
entries from Huanghuaihai and Middle — Lower Changjiang Valleys according to their root performance
were used to study their genetic variation of root traits at seedling stage and their relationship with above
— ground traits and tolerance to abiotic stresses. Dry root weight, total root length and root volume of ac-

cessions from Middle — Lower Changjiang Valleys with later maturity developed more quickly than those
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from Huanghuaihai Valleys with earlier maturity. The correlations between these root traits and whole

plant dry weight were pretty high, those between the mean membership index of drought tolerance and the

relative values of total root length, root volume and dry root weight per plant were all significant at 0. 01

level and so did for the correlations between mean membership index of aluminum toxin tolerance and the

stressed to unstressed relative values of number of lateral roots, tap root length, total root length, root vol-

ume and dry root weight. These relative root traits had wide variation among accessions and could be used

for identification of drought and aluminum tolerance.

Key words

VEWIAR F IR 1 S AL, A R T R R K
SYHIRA R A T WA . (EYR R B
TR TR B TR T A
T3 T SN T A s, 39008 5 2o B LA 22005 3 A T
1 SR B A Mk B AE K R F . L, TR
W R AR B A 15 % 5 30 5 6 PR B 56 2, X H ik
REHGHEEE N, B TRAEKET, X RS
(19 52 Zi e B AR R 5% 1 R T B 1 Jmy B AR AR
ZHER TS o R A G e R SR
PR B R T A

R AKTAR R MR, L3 T 45 A T AR T A )
HEZS LA ROy A2 7 TG A — s B iF s
AELX S [R) A 25 M DX K 7 AR R bR 2 3 S
ST e R BT AR A S . AR
FEAX K E AR RIES LA T, A KRR
BALFRE S AR A P I RS TR, B AE
SR AR 2R B HU A DG AR BRI B B, R e 7 A
T 395 45 A AR LR R

L RER ik

L1 s #aoiE A

AR A X EE 301 b}, TRAEES
o8 A IESORIR HIZAR MR RIEA . MRIEAR
B Z DR NGV NG Sbvd: 1l (57 | B I Sl 73 AR )
TR 62 3 fitiaH
1.2 FEEiln

JrE 2001 46 H 2002 457 H FREZ K EL
RO T S g S o 3 R T o TR IA S LS
MR[14] .

Soybean ( Glycine max(L. ) merr. ) ;Root traits related to stress tolerance ; Genetic variation

1.3 {EEEILRE

2002 4 7 H T 58 A M KA VL S 5 B b k)
NPT RS AR Bt R Y
1.4 {EEEEMEIXLE

2002 4F 7 H T pg 5t AR Mk K A VL S5 4 5 b i
FWNHAT ISR IE R b B m (]
000pM) ARKH#E (0. 2uM) BN AEHE, B SRR BL N
K,S0,0.75 mM; KC1 0.1 mM; Ca(NO,),2 mM; H,
BO,1 pM; MnSO,1 pM; CuS0,0.1 uM; (NH,) Mo,
0,,0.005 pM; ZnS0,10 pM; FeEDTA 10 mM, ¥53%
10 d J5 AR M, >R H,S0, - H,0, il & —HU4H
L A D e AR P 3 i

TR B AL FRFNPE AR A [R] 1. 2, AR 40 A% ik I
Qb PR ik 5 (R Wl A LR 5 1) B ARG T PR 2
1797 % o

2 SRS

2.1 EEZGTARMRAERMRAEANSRS
HETER

R1ER ERRNERKEFT S BI(V2,V3
1 VA) RKYTH T WS A AR T BAR K AR
Yk SR A, T B U VR — R AR X g, Horp
V4 1Y 2 4EEE 5 WA 1 25 SR A ] (2002 4F A E —
RAMAREN EARA) s —FMAR B ERKAER R
AR EE & B To— @ iSRS, K9
FPTEIRR 2R P R AEAS [F) 17 0 HO 340 4 A W e 35 1) st A AR
V2 WA S R N 13. 46% ~45.25% V3 1
N 14.10% ~42. 15% V4 310 11. 13% ~39.98% 1 .
AR LA A& e PR 1.



21 RNEEEE R AR AT IR ZR R A 38 A 70 e B HG 5 T 85 I3 ) 55 2R 129

F 1 ARO[ A I R SR R PR B

Table 1  Root traits performance of soybeans at three seedling stages from two regions
FOY, i JE T A EEID () B (em) AR (em®) i TR (em)
Year,Seedling stage Source Indicator Dry root weight Total root length Root volume Number of lateral roots  Tap root length
2001 V4 i HHH ;1 0.285 639.5 0.677 110 28.7
KALH R LMC ¥ 0.370 802.5 0.927 1122 8.6
421 Whole ; 0.328 721.0 0.802 111 28.7
S, 0.091 196.36 0.295 12.35 8.87
Min. 0.178 412.3 0.486 94 16.5
Max. 0.481 1156.3 1.282 131 49.0
GCV(% ) 27.74 27.23 36.78 11.13 30.91
F 73.6"* 68.0" " 60.3" " 2.0"" 71.4*"
2002 V4 HifE HHH ;1 0.260 615.2 0. 608
KIT R i LMC ¥y 0.352 794. 1 0.882
4= Whole ; 0.306 704.7 0.745
Sy 0.104 197.75 0.298
Min 0.136 385.6 0.407
Max 0.512 1103.2 1.26
GCV(% ) 33.99 28.06 39.98
F 60.5" " 30.9°" 78.1" "
2002 V3 #:if HHH v, 0.161 519.5 0.415 96 26.8
KATH T LMC ¥y 0.226 612.9 0.590 105 26.8
4 Whole ; 0.194 566.2 0.503 100.5 26.8
Sg 0.075 127.48 0.212 18.28 3.78
Min. 0.091 339.4 0.204 71 22.0
Max. 0.338 901.4 0.986 167 36.0
GCV(% ) 38.66 22.52 42.15 18.19 14.10
F 27.7*" 1.0~ 5.7 5.8*" 1.7
2002 V2 i HHH ;] 0.077 247.9 0.203 60 15.4
KA LMC ¥ 0.090 268.0 0.239 61 15.2
4T Whole y 0.084 258.0 0.221 61 15.3
S, 0.036 66.38 0. 100 15.77 2.06
Min. 0.047 174.3 0.107 40 11.8
Max. 0.166 431.4 0.482 88 18.8
GCV(% ) 42.86 25.73 45.25 25.85 13.46
F 67.8"" 29.9** 47.8" " 12.0"" 3.7

W # o+ H7E0.01 K 52, Note: * * means significant at 0.01 level. HHH = Huang — Huai — Hai Region; LMY = Lower and Middle

Changjiang Valleys. ; = mean; s, = genotypic standard deviation; GCV = genotypic coefficient of variation. The same is true for the later tables.
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Table 2 Root traits performance under stress conditions and reduction amount from normal conditions (% )
b3 G Jit 7 Bk T o
S e
(Year) Source Indicator - Dry root weight length oot volume Jateral Toots length
K5y THNiE #ifE HHH ¥ 0.235(17.54) 514.4(19.56)  0.564(16.72) 108(1.89) 28.8( -0.35)
Drought stress & JT.H R i LMC ¥, 0.272(26.49) 576.4(28.17)  0.601(35.20) 108(3.68) 26.2(8.4)
(2001) 4% Whole y 0.254 545.4 0.583 108 27.5
5 0.049 118.75 0.137 13.62 8.75
Min. 0.153 356.4 0.365 83 13.0
Max. 0.346 797.4 0.834 141 44.5
GCV(% ) 19.29 21.77 23.50 12.61 31.82
F 37.5%* 27.0** 38.5%* 4.9 38.6%*
K3 hig # e HHH ¥ 0.202(22.22)  488.3(20.63)  0.519(14.69)
Drought stress 7T H R i LMC ¥ 0.247(29.88) 554.2(30.21)  0.571(35.24)
(2002) 28 Whole y 0.225 521.3 0.545
S, 0. 064 128. 13 0.167
Min. 0.118 309.6 0.324
421 Whole Max. 0.336 769.8 0.917
GCV(% ) 28.44 24.58 30. 64
F 34.4%* 21.9%* 39.5%*
FaTEME #if HHH ¥ 0.114(29.18) 323.8(37.67)  0.290(30.13) 74(22.94) 19.5(27.08)
Aluminum  KYTH 7 LMC ¥, 0.156(30.97)  405.7(33.81)  0.401(32.03) 77(26.32) 19.7(26.38)
toxin stress ¥ 0.135 364. 8 0.346 75.5 19.6
5, 0.048 120.66 0.131 17.68 3.95
4T Whole Min 0.067 186.87 0.105 58. 1 13.6
Max 0.224 657.79 0.621 121.0 27.0
GCV(% ) 35.56 33.08 37.86 23.42 20. 15
F 14.41%* 14.13** 19.55** 4.56%* 1.79**
YigrAsta] #fE HHH ¥ 0.079( -2.60)  260.6( -5.12) 0.205( -0.99) 58(3.28) 14.6(5.08)
Low KT R LMC ¥y 0.091( —1.11)  275.5( -2.80)  0.237(0.84) 58(4.92) 15.1(0.40)
phosphorus y 0.085 268. 1 0.221 58 14.9
stress Sy 0.038 67.52 0.096 14.78 2.05
4% Whole Min. 0.050 167.27 0.103 38 11.1
Max. 0.177 412.35 0.432 85 19.3
GCV(% ) 44.71 25.18 43.44 25.48 13.76
F 72.1%* 23.1%* 422" 13.3* " 3.7%¢
TS A O A T IS B AR T B

Note ; In parentheses are the reductions under stress conditions from normal conditions.
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Table 3  Correlations among root and shoot traits in soybean
Pk 2001 2002
Trait Wp Ws Wr Tlr Vr Wp Ws Wr Tlr
Wr 0.94"* 0.89" " 0.95"* 0.91"*
Tir 0.81"* 0.77** 0.86" " 0.81** 0.78" " 0.85"*
Vr 0.88" " 0.85"" 0.90" " 0.91"" 0.82"* 0.79 0.84" 0.87""
Lrn 0.54"* 0.56" " 0.44"* 0.54"* 0.59"*
Lrt 0.24 = 0.25 = 0.17 0.19 0.1
TEex L x o x PRIFRTEO. 5.0.01 KFEFRE, Wp=8KTHE,Ws=b L3TE, Wr=# FHTE, Tlr = B, Ve = RAF, L = —241

ML, Lt = ERK

Note: * and * * mean significant at 0.5 and 0. 01 level, respectively. Wp = Dry plant weight; Ws =

tal root Length; Vr=
2.4 mHEESRAMIKEEX

F 4 B R E SR AR SR
RO, T UAR T3 L ARG | AR R S - 2y i 5

Dry shoot weight; Wr = Dry root weight; Tlr = To.

Root volume; Lrn = Number of lateral roots; Lrt = Tap root length.
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Table 4  Correlations between root traits and drought tolerance
. . AR T8 ERYSSIS FUARIATR
0y WRTHE [iL¥SSIS HRAAFA )
Dry root weight/ Total root length/ Root volume/
Year Dry root weight Total root length Root volume
plant dry weight plant dry weight plant dry weight
2001 -0.21 0.10 -0.05 0.63" " 0.81"" 0.77* "
2002 -0.23 0.17 0.07 0.66" " 0.79" " 0.81""
T AR LEARR AR L L BR300 T2 45 R T AR T 2 ARIRER L BRI S bk T 2 LU

Note ; Dry root weight/plant dry weight, total root length/plant dry weight, root volume/plant dry weight are dry root weight per plant dry weight, total

root length per plant dry weight, root volume per plant dry weight, respectively.
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Table 5  Correlations between root traits and aluminum tolerance
- . LS e . ik
IEES e FHEK BRI - T E Rela FHREK AR AR T
N elaiive
Number of Tap root Total root Dry root Relativetap Relative Relative Relative
Root volune number of
lateral roots length length weight root length  total root length root volume dry root weight
lateral roots
-0.26" 0.55"" 0.34"* 0.20 -0.01 0.67** 0.74" " 0.81"" 0.81"" 0.93**
TE AUARECHE TR SR H AR b AR e 43530 o SR B8 S R B AR AR R IR Z HE

Note : Relative number of lateral roots, Relative tap root length, Relative total root length, Relative root volume and Dry root weight are ratio values of the

stressed to unstressed ones, respectively.
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Table 6  Performance of root traits related to stress tolerance
Ifif 5 Drought tolerance it45%5; Aluminum tolerance
2001 4 2002 4 2002 4R HUAR
y HAR HAR s HAR y y R o
TR . A y S RE O MR ER o
MK $kT ] e s T R LN . . > A4
Dry root i Total 44 L Kt Kb :
. . g Root Dry root Total Root . . . . pataa
Eco —region  Indicator weight/ root length/ . Relative Relative Relative  Relative .
volume/  weight/ root length/ volume/ Relative
plant dry  plant dry dry root ~ number of  tap root total root
. . plant dry plant dry plant dry plant dry . root volume
weight weight . . . . weight lateral roots  length length
weight weight weight weight
TN HHH ;1 0.26 0597.1 0.626 0.268 649.7 0.661 0.706 0.783 0.739 0.699 0.624
KL H R F LMC ;z 0.243 536.0 0.564 0.255 571.6 0.590 0.695 0.730 0.729 0.682 0.671
4HE Whole ; 0.252 566.6 0.595 0.262 613.7 0.626 0.700 0.757 0.734 0.691 0.648
S, 0.026 129.83 0.136 0.032 125.21 0.113 0.095 0.181 0.089 0.151 0.185
Min. 0.215 415.25 0.431 0.225 445.07 0.45 0.56 0.397 0.486 0.33 0.365
Max. 0.339 739.96 0.797 0.351 905.19 0.84 0.901 0.984 0.897 0.97 0.958
GCV(%) 10.32 22.91 22.86 12.21 20.40 18.05 13.57 23.91 12.13 21.85 28.55
F 17.53** 28.96** 25.16"* 21.33"* 29.68** 22.34** 33.26"* 31.32"* 39.16"* 31.97"* 42.84""
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Table 7  Comparisons of relative root traits between the tolerant and not tolerant
i 5233056 Drought tolerance test Tit458 53 K Aluminum tolerance test
AR HEAR HEAR A . FA SR
it e e W - Bk R
B Dry root B AR Eiyia . Kb Kb .
| FabR Relative Relative
weight/ Total root Root Relative Relative Relative
Tolerance Indicator number of root
plant dry length/plant  volume/ plant dry root tap root total root
scale lateral roots volume
weight dry weight dry weight weight length length
1% ; 0.297 733.19 0.732 0.851 0.86 0.78 0. 806 0.868
S, 0.030 94.47 0.07 0.039 0.095 0.088 0.082 0.087
Min. 0.272 590.44 0.632 0.828 0.81 0.72 0.77 0.733
Max. 0.353 822.57 0.796 0.843 0.92 0.88 0.97 0.976
GCV(% ) 10.10 12.88 9.56 4.58 11.05 11.28 10.17 10. 14
5% y 0.239 506. 18 0.487 0.575 0.565 0.53 0.41 0.399
8, 0.025 57.20 0.050 0.032 0.075 0.061 0.042 0.059
Min. 0.217 415.52 0.433 0.560 0.49 0.49 0.37 0.33
Max. 0.258 559. 66 0.548 0.590 0.65 0.59 0.44 0.47
GCV(% ) 10.46 11.30 10.27 5.57 13.27 11.51 10.24 14.79
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