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Genetic Variation of Root Traits at Seedling Stage and Their
Relationship with Stress Tolerances in Soybean

LIU Ying" % GAI Jun-yi, LU Hui-neng”
(1.Hebei University of Engineering, Handan 056038, China; 2. Soybean Research Institute of Nanjing
Agricultural University, National Center for Soybean Improvement, National Key Laboratory
for Crop Geretics and Gemplasm Enhancement, Nanjing 210095, China)

Abstract: Thirty two accessions of soybean ( Glycine max (L. )Merr. ) selected from 83 representative entries from
Huang-huai-hai Region 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. Diy toot weight, total wot
length and root volume of accessions from Middle-Lower Chang-jiang Valleys with later maturity developed more quickly
than those from Huang-huai-hai Valleys with earlier maturity. The correlations between these oot traits and whole plant
diy weight were preity high, those between the mean membership index of dwought 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 be-
tween mean membership index of aluminum toxin tolerance and the stressed to unstressed welative values of number of lat-
eral wots, tap root length, total root length, root volume and dry root weight. These relative wot traits had wide variation a-
mong accessions and could be used for identification of drought and aluminum tolerance.
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Tah 1 Root trait performance of soybeans at three seedling stages
Gy, T e = pe= EHRK am — A% K/ em
stage weight length lateral wots length
2001, V4 y 0.285 639.5 0.677 110 28.7
2 0.067 156. 59 0.228 11.42 7. 66
Min. 0.178 412.3 0. 486 94 16.5
Max. 0.348 915.6 0.914 127 45.0
GCV/ % 23.51 24. 49 33. 68 10. 38 26. 69
F 70.5 " 62.7" 68.9" 2.2" 67.1"
2002, V4 y 0.260 615.2 0. 608
2 0.081 160. 73 0.228
Min. 0.136 385.6 0. 407
Max. 0.322 886. 7 0.85
GCV/ % 31. 15 26. 13 37.50
F 66.8 37.47 52.77
2002 V3 y 0.161 519.5 0.415 9 26.8
% 0.059 110. 61 0. 167 19.31 3.72
Min. 0. 091 339. 4 0.204 77 22.0
Max. 0.338 901. 4 0. 986 167 36.0
GCV/ % 36.65 21.29 40.24 20. 11 13. 88
F 19.6 26.4 " 9.17 6.6 3.4
2002, V2 y 0.077 247.9 0.203 60 15. 4
% 0.031 61.54 0.09 15.96 2. 14
Min. 0. 047 174.3 0. 107 40 11.8
Max. 0.133 358.3 0. 446 88 18.8
GCV/ % 40.26 24. 82 44,33 26. 60 13.90
F 02.7" 54.4 " 32.7" 26.8" 1.7"

VE: TONE0. 01 KT R,

Note: ** means significant at 0. 01 level; y=mean; sg= genotypic standard deviation; GCV=genotypic coeffi cient of variation. The same is true for the later tables.
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Tab.2 Root trait performance under stress conditions and reduction amount from normal conditions %
47 - TR B K T — A K
Treament Indicator Dry wot Total ot Root Number of Tap ot
weight length volune lateral 1oots length
K5y e y 0. 235(17. 54) 514. 4(19. 56) 0.564(16.72) 108 (1. 89) 28.8(—0.35
Drought stress g 0. 041 98. 65 0.119 13. 17 8.38
(2001) Min. 0.153 356. 4 0. 365 33 13.0
Max. 0.327 710. 3 0. 806 119 41.0
GCV/ % 17.45 19. 18 21.10 13.17 8.38
F 46.3 " 23.47 29.27 3.4 4.2
K53 1 ia y 0.202(22.22)  488.3(20.63)  0.519(14. 69
Drought stress B 0. 045 93.73 0.114
(2002) Min. 0.118 309. 6 0.324
Max. 0.328 769. 8 0.917
GCV/ % 22.28 19.20 21.97
F 41.3 7 33.07 30.37
GEE IS y 0. 114(29. 18) 323.8(37. 67) 0.290(30. 13) 74(22. 94) 19.5(27. 08)
Aluminum 2 0.038 104. 63 0. 107 17.95 4.32
toxin stress Min. 0.067 186. 87 0. 108 63.7 15.2
Max. 0.224 622. 45 0. 621 121.0 27.0
GCV/ % 33.33 32.31 36.90 24.26 22. 15
F 22.53" 18.35 16.84 " 7.54" 3.01
(R3S y 0.079(—2.60) 260.6(—5.12)  0.205(— 0.99) 58(3. 28) 14. 6(5. 08)
Low phosphoruss g 0.027 75. 86 0.077 13.17 2.78
tress Min. 0.057 178. 34 0. 103 43 11. 1
Max. 0.177 412.35 0. 422 79 19.3
GCV/ % 34.18 29. 11 37.56 22.71 19. 04
F 57.8 " 17.3" 48.5" 8.8 " 23"

T 55 ORISR TR LIS AR TR D R

Note: In parentheses are the reductions under stress conditions from nomal conditions.
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Tab.3 Correlations among root and shoot traits in soybean

PR 2001 2002
Trait Wp Ws Wr Tir Vr Wp Ws Wr Tlr

Wr 0.88 0.83 0.90 0.82

Tir 0.82 " 075" 0.88"" 083" 0.77" 0.87""

Vr 0.88 " 081" 0.89"" 0.9 " 083" 0.78" 0.8 0.8 "
Lrn 0.50 054" 0.48"" 0.51" 0.57""

Lit 0.26 023" 0.15 0. 17 0. 12

A T RIERIRAE0. 05 0. 01 KSF R R E . Wp= BT i, We= Hh 1 B, W= bR SR Th= BARKS V= RAEFRL Tin= —
HMIREL L= ERRK.

Note: “and " mean significant at 0.05 and 0. 01 level respectively. Wp= Dry plant weight; Ws= Diy shoot weight; Wr= Dry oot weight; Tlr= Total root
Length; V.= Root volume; Lm= Number of lateral wots Lrt= Tap ot length.
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Tab.4 Correlations between root traits and drought tolerance

S RF & REAK AR EEAR T & HAR B AR AR AR
Year D1y wot Total ot Root D1y root weight/ Total wot length/ Root volume/ plant
weight length volume plant diy weight plant dry weight diy weight
2001 —0.21 0.10 —0.05 0.64 " 0.79 " 0.74 "
2002 —0.23 0.17 0.07 0.65" 0.78 0.77 "~

T AR BTR EEARAA AR BRI 20 500 9 F 52 2 AR B IR T i i AR B SR 5 R T 2 2 HUAE.
Note: Dry root weight/ plant dry weight total root length/plant dry weight, oot volume/plant dry weight are dry ot weight per phnt driy weight total root length
per plant dry weight, oot volume per plant dry weight respectively.
RS OMAVER SR 0EE-T 2 5 8 B RS b

Tab.5 Correlations between root traits and aluminum tolerance

] AR % B MERES Y K- BEARK al e L
MR 2 Tk Bk IRk S {1 ’f&i’?‘( kb TR L_\ kb licd L_\ kb Wk *f 54 ﬂ%jFJ{A_% t
Number of Relative Relative Relative Relative Relative
Tap root Total ot Root Dry root
late ral leneth leneth | ioht number of tap root total root oot dry 1oot
roots engt engt voiume weis lateral roots length length volume weight
—011 0.52 031 0.18 0.03 0.66 075 0.8 0.8 0.9

W MARECEE . EARAC L ARG LE AR AR B LG AR B Lo 2y 500 DR B R M 5 AR W A R AR R AR 2 LU B
Note: Relative number of lateral roots, relative tap root length, relative total oot length, relative 1ot volume and dry oot weight are ratio values of the sressed to

undressed ones, respectively.
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Tab. 6 Performance of root traits related to stress tolerance

i 5 Drought tolerance 452 Aluminum tolerance
2001 4 2002 4F 2002 ¢
AR AR HEAR LE AR s AR - AR N "
=y = . gy ” i ; B 2 i
W pme omk om0 FRR mk o ome b gy B BRI
Inlietor L : K E K H B
Dry wot  Total rot Root Dry ot Total root Root . Relative . . .
. . Relative Reltive Relative Relative
weight/ length/ volume/ weight/ length/ volume/ mmber
dry root tap root total root oot
plant dry  plant dy  plant dy  plant dry  phnt diy  plant dry weight of hteral ength length volume
weight weight weight weight weight weight wots
¥ 0.268 572. 507 0. 616 0.253 592. 558 0.623 0. 683 0.761 0. 706 0.674 0.612
sg 0.041 135. 112 0. 125 0. 042 165. 324 0128 0. 088 0. 172 0. 084 0.136 0.165
Min. 0.203 423. 569 0. 438 0. 207 411. 938 0. 445 0.577 0. 403 0. 486 0.347 0.365
Max. 0.330 766. 387 0. 766 0. 368 827. 673 0. 774 0. 884 0. 903 0. 858 0.940 0.917
GCV/ % 15.4 3.6 20.3 16. 5 27.9 20.5 12. 88 2. 60 11. 90 20.18 26.96
F 2154 2514 2.7 16,48 2.85 2234 39.75 25.96 34.77  38.48 3535
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