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Identification of Rhizosphere Abiotic Stress Tolerance and Related Root Traits in
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Abstract: Sixty two accessions of soybean [ Glycine max (L.) Merr. ] selected from 301 representative entries from Huang-
Huai-Hai and Middle-Lower Yangtze Valleys according to their root performance were used to identify their tolerance Lo
rhizosphere-abiotic stresses, including drought, aluminum toxin and low phosphorus. Tolerance to drought at seedling and
reproductive stage was evaluated with mean membership index value averaged over those of plant height, number of leaves
on main stem, dry root weight, and dry stem and leaf weight at seedling stage, as well as plant height, number of nodes on
main stem, number of branches on main stem, number of pods per plant, number of seeds per plant, 100-seed weight, dry
root weight, and dry stem and leaf weight at reproductive stage, respectively. Tolerance to aluminum toxin at seedling stage
was evaluated with the same set of root traits as those for tolerance to drought at seedling stage. Tolerance to low phosphorus
was evaluated through testing the P content in plants. Accessions with Class 1 abiotic stress tolerance were screened out,

1 1 d

including four tolerant to drought at seedling stage, six tolerant to ght at rep ive stage, and among them two

tolerant to drought at both stages; seven tolerant to aluminum toxin at seedling stage, three tolerant to low phosphorus, and

b ht tol was correlated

among them, two tolerant to both stresses at seedling stage. The mean hip index of droug]

with the relative values of total root length, root volume and dry root weight per plant significantly at the 0.01 probability
level, respectively; the mean membership index of tolerance to aluminum toxin was correlated with the stressed to
unstressed relative values of number of lateral roots, main root length, total root length, root volume and dry root weight;
and there was no root trait found to be correlated with tolerance to low phosphorus.
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Table 1  Materials used in tests for tolerance to stresses
FAS HRER RIS TR mE GR| PAT HRERK e TR ®E R
Serial No. Material S D A P | Serial No. Material S D A P
urce e
1 FEVNCE BE 7Y Shaanxi D A P 32 BR—RER ¥t Hubei D A P
2 mEHRTE BK 7 Shaanxi D A 33 W 91-11 it Hubei D A P
3 FTRERK BK7H Shaanxi D A 34 RE 19 Wit Hubei D
4 HENERT BKP§ Shaanxi D 35 h g8 8 it Hubei D A
s REBE 1Ly 7§ Shanxi D A P 36 MK 1138-2x86-53  ILHF Jiangsu D A
6 HKS3 47§ Shanxi D A 37 NG%4-156 L9 Jiangsu A
7 B3 14 111 7§ Shanxi D A P 38 B 1L Jiangsu A
8 BH5 16 1 7§ Shanxi D 39 FEPEFH L3} Jiangsu D A P
9 TE19 1L 7 Shanxi D 40 BBEKREL {L3F Jiangsu D A P
10 HRE 1L 7§ Shanxi D 41 *30p N 8- {L3 Jiangsu D A
11 #HEL1S JL3X Beijing D A P 42 BREK 1L Jiangsu D A
12 3-29 4t Hebei D A 43 R 1138-2 L35 Jiangsu D A P
13 5-5 ¥4t Hebei D A P 4 I 18-6 L35 Jiangsu D A
14 6-13 {7 4t Hebei P 45 RK 864 YL3F Jiangsu D A P
15 p =11 3t Hebei D A P 46 R 88-29 L Jiangsu D A
16 WHRE ¥4t Hebei D A 47 Rk 88-31 LK Jiangsu D A P
17 BERE 4t Hebei D 48 A 96B-2 1L Jiangsu D A P
18 BWNRE %K Shandong D A P 49 BARE L35 Jiangsu D A
19 HERE&H LK Shandong D A P 50 MPARKE 1L Jiangsu D A
20 FH 105 % Shandong D A P 51 K19 L3R Jiangsu D A P
21 FR1E i % Shandong D A P 52 BEEFE L7 Jiangxi D A
22 bedl 9% :3 Wi %K Shandong D A P 53 HRBAE L ¥ Jiangxi D A P
23 KE#HY/RBE  FE Henan D A P 54 HENED JLF Jiangxi D
24 LEFHE { F#d Henan D A P 55 £FRET L7 Jiangxi D A
25 7 /R 7 Henan D A P 56 RUKED ¥ Shanghai D
26 HEAKVPRED ¥R Henan D A P 57 ¥ AKHE(%E) L9 Shanghai D A P
27 BB s AR ¥ Hi Henan D A 58 WHEKRD HFIL Zhejiang D A
28 BERRESL Z W Anhui D A 59 THRRE Wil Zhejiang D A P
29 AE %% Anhui D 60 WEMER I Zhejiang D A P
30 FREFENT %M Anhui D 61 FEAAAE ML Zhejiang D A P
31 RERY LR Anhui D A P 62 P1416937 2B USA A
Note: D, A and P the ls used for evaluation of tol to drought, aluminum toxin and low phosphorus, respectively.
1.2 WEHEERE TRES - EERKE—BO#TFHT
1.2.1 AkiHeFRETAE Ay BI7E 2001 bk, FARBRXIFRM RIT R BEAT KA Ab B, i iE A0 2

6 H.20027 ATHEERLKRELHLEHEH#
HENER, LA IER 25 cmx 528 emo K
AWt (85:15)BAEE,7 kg ER/A. REXE
W ERIAALBGEEKS ST REMH), BIXHN
iR R, SRR 12, BAB 2R 3KER, W

f7K 30 mLepot™ -d™', B E K4 ALEBIK 100 mL-
pot™'+d”',

JK 4y AL BRAT S W B R (AR A — K AL HE 18 d
JEWER, BAFR Y R SR b b AR A (1 AR
E) M T IS (RFRR), SLENERB A FAA [8E
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W, ETE 105SCHART 0.5 h, 0CHEEE, B H
EHE. BRBEOShHERE, UERAES N
ERRHER.

SR EE MR AL E TR M ET
ERTE AAMAEEEARAHTFHMEMILE,
Kb sk 5 4E 10 d FHAE KRBT

B, HTAHEREREEHE,
R
“ 7 X - X
X, 5 BB YRR B 8 X R B8 A9 H
{8, X X F R B R FRK B HAE, F,
A RHEERORBE. BEESHREYE
ROKRET Y, BPYRERRME, FHEH
BT RRE R R R
19 & HREFHRBEE0.8 LI E—3&

[DE%'H

2% BHHRBEPHYRBMEE0.6~0.82
] ——H R R A

3G ZHRELHRBMEE0.4~0.62
B ——rp (a1 2 ;

4% HUHEREFHYREMHEE0.2~0.4 2
B —F R EHURE,;

SG . HHREAFHRBEEO2UT—TF
BEHRE,

1.2.2 2 KkEMHTHER RBR Bt fE
B R L, 32 $obt bt FF Gt e AT K 4 40 B, B B
4d, REGEERHB . EETR . LHOBH. A
IR AR ERERTEETE, £ER
J7 35 R 15 H T B R B R BUE I3 AR AT B
i
1.3 WEHERE

200247 A FRREREK¥FILE LR EME
W, AR, ARABMRRLITRN, &
F: ¥ 800 mL/2%, IS 45 4 d P60 400 mL/& . RA 1/
5 Steteinburg!® Z FE ¥ , B FE V4B WK HE D 0 71 28 pmol/
L,pHEZE 4.1, 2 B WK, Mk BAHERE
ER1.2.1,

DABR B 8% 3t 3T EA T T E WS
HEHRNEELEERE, PRI ER L.
1.4 WHEBBMBERE

200247 AFHERUAFIIHEREME
FRAR, B AR KRBT AREELR

E. #HEBE(1 000 pmol/L) fEB%E(0.2 pmol/L)2 ik
B, B3dR—-KEFB, EFRES K,S0,0.75
mmol/L.KCl 0.1 mmol/L.Ca(NO,), 2 mmol/L.H,BO0, 1
pmol/L, MnSO, 1 pmol/L. CuSO, 0.1
(NH, )sMo,0,, 0.005 pmol/L, ZnSO, 10 pmol/L.
Fe-EDTA 10 mmol/L. 35 3% 8 d J5 Wt RH #, R
H,S0,-H,0, WEMHAER L ERNEHK P IR,
REHAEBRAERIBESRBLERSEN Y
B, G TEBHES R 5 Ko

148 >0.85—THEBERS;

2% {8 0.85 ~ 0. 70— THEBE AL ;

34 fH0.70~0.55——F [ &,

4 %% A8 0.55 ~ 0. 40— B ATEBER;

5% HAE < 0.40—FRHKBERL,
1.5 BREERIE

—HMBREATHEKEXT 1 cm B— &M

pmol/L.

EFRK:.ERWE,

BREBEB.HEMBRERNT, F Epson
BN LB, B A WinRhizo BRSHT G217 H
HWEGREE,

ERTE ERER LERKATERETH
BTEREBR BRKESEHRTYEZILE,

BEL BERL . SRKE . ERKE —R0
BEEIEEHATHRTE RER . ERK . E
BREN—ZMRESIEM MR RERZE,

2 GRE5SH
2.1 WEREEER
2.1.1 #WMaEFHELE ME2TUESE 2 4

WERBH - SHABRMBERE—EN. K&
2EMEEERMENWHERBEEO R XA~
HOHRAIARTS NP AARBE 4.8 £ 1
5,

2.1.2 EMAFHEZ s MERERF KL
RBETHEMMBYIRBEZER, HHEFB VYR
BERBERPEMESHRERN L 2 ML 4, B
MEH1EZHHHIERE . BE 4. 85 16.T1&
EREGBHMRHERE, S 2FNEEERM
HHAEHBRHEE( Z)RA-BMH RN ER
EHEE 14,
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Table 2  Evaluation of indices and classes of tolerance to stresses for the materials tested
2 ¥} Drought tol RE® AL WER LP
BB RIS BEWR B S LETE

y 2001 2002 2 4E 3 Average 2002
Serial
N o ml @3 FHE @ p L, am  PAERE 4y

Class Class Average Class Class Class P Class

1 0.822 1 0.854 1 0.838 1 0.583 3 0.708 2 0.650 3
2 0.865 1 0.629 2 0.747 2 0.789 2 0.478 3

3 0.446 3 0.408 3 0.427 3 0.837 1 0.454 3

4 0.624 2 0.412 3 0.518 3 0.775 2

5 0.809 1 0.642 2 0.726 2 0.696 2 0.744 2 0.620 3
6 0.628 2 0.614 2 0.621 2 0.542 3 0.385 4

7 0.955 1 0.906 1 0.931 1 0.846 1 0.679 2 0.836 2
8 0.674 2 0.443 3 0.559 3 0.882 1

9 0.841 1 0.495 3

10 0.875 1 0.807 1 0.841 1 0.820 1

11 0.872 1 0.891 1 0.882 1 0.787 2 0.555 3 0.825 2
12 0.434 3 0.638 2 0.536 3 0.735 2 0.575 3

13 0.570 3 0.251 4 0.411 3 0.750 2 0.167 5 0.347 5
14 0.603 2 0.792 2 0.698 2 0.880 1

15 0.633 2 0.507 3 0.570 3 0.543 3 0.0% 5 0.511 4
16 0.830 1 0.630 2 0.730 2 0.746 2 0.362 4

17 0.796 2 0.904 1 0.850 1 0.517 3

18 0.874 1 0.610 2 0.742 2 0.745 2 0.703 2 0.814 1
19 0.652 2 0.467 3 0.560 3 0.541 3 0.875 1 0.896 1
20 0.405 4 0.341 4 0.373 4 0.528 3 0.351 4 0.497 4
21 0.760 2 0.727 2 0.744 2 0.587 3 0.873 1 0.973 1
22 0.480 3 0.468 3 0.474 3 0.686 2 0.723 2 0.598 3
23 0.690 2 0.908 1 0.799 2 0.484 3 0.907 1 0.826 2
24 0.244 4 0.405 3 0.325 4 0.276 4 0.921 1 0.673 3
25 0.579 3 0.774 2 0.677 2 0.329 4 0.207 4 0.346 5
26 0.431 3 0.628 2 0.530 3 0.715 2 0.461 3 0.671 3
27 0.480 3 0.614 2 0.547 3 0.743 2 0.621 2

28 0.417 3 0.61 2 0.514 3 0.656 2 0.555 3

29 0.417 3 0.439 3 0.428 3 0.194 5

30 0.540 3 0.565 3 0.553 3 0.273 4

31 0.787 2 0.446 3 0.617 2 0.917 1 0.798 2 0.836 2
32 0.474 3 0.362 4 0.418 3 0.289 4 0.497 3 0.555 3
33 0.325 4 0.338 4 0.332 4 0.569 3 0.851 1 0.571 3
34 0.533 3 0.435 3 0.484 3 0.511 3

35 0.423 3 0.442 3 0.433 3 0.236 4 0.456 3

36 0.108 5 0.235 4 0.172 5 0.335 4 0.185 5

37 0.767 2

38 0.314 4

39 0.725 2 0.823 1 0.774 2 0.583 3 0.573 3 0.531 4
40 0.357 4 0.399 4 0.378 4 0.181 5 0.346 4 0.332 5
41 0.153 5 0.171 5 0.162 5 0.470 3 0.292 4 .
42 0.507 3 0.260 4 0.384 4 0.128 5 0.222 4

43 0.248 4 0.282 4 0.265 4 0.318 4 0.461 3 0.810 2
44 0.485 3 0.416 3 0.451 3 0.353 4 0.464 3

45 0.441 3 0.481 3 0.461 3 0.442 3 0.725 2 0.835 2
46 0.315 4 0.434 3 0.375 4 0.447 3 0.379 4

47 0.434 3 0.406 3 0.420 3 0.506 3 0.423 3 0.630 3
48 0.242 4 0.326 4 0.284 4 0.551 3 0.554 3 0.675 3
49 0.34 4 0.403 3 0.364 4 0.585 3 0.477 3

50 0.450 3 0.507 3 0.479 3 0.153 5 0.212 4

51 0.342 4 0.188 5 0.265 4 0.483 3 0.379 4 0.509 4
52 0.289 4 0.153 5 0.221 4 0.150 5 0.753 2

53 0.415 3 0.360 4 0.388 4 0.483 3 0.669 2 0.666 3
54 0.233 4 0.238 4 0.236 4 0.450 3

55 0.241 4 0.404 3 0.323 4 0.541 3 0.689 2

56 0.665 2 0.647 2 0.656 2 0.362 3

57 0.183 5 0.306 4 0.245 4 0.484 3 0.927 1 0.937 1
58 0.438 3 0.225 4 0.332 4 0.099 5 0.598 3

59 0.112 S 0.178 5 0.145 5 0.268 4 0.274 4 0.459 4
60 0.650 2 0.829 1 0.74 2 0.695 2 0.681 2 0.721 2
61 0.194 5 0.295 4 0.245 4 0.469 3 0.922 1 0.727 2
62 0.677 2

Note: AL= toxin tol ; LP = low phospl it S = seedling stage; R = reproductive stage.
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i 48 B 2 A B 2.4.2 ki d KAMBEERABKRGLR

2.3 AEWEHEEHEX
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BEA—-EHESHR. BEMRYSHELST TR

6 X MMEB ERK BRK RERBTE
B 53 HR2Z B 45 78 T 3 SRR R B A 6
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Table 3

Correlation among different tolerances

BR BRI 5 BEHWE LiE LRk
Trait Drought tolerance Drought tol Alumi toxin
rail at seedling stage at reproductive stage tolerance at seedling stage
J5 37t B Drought tolerance at reproductive stage 0.52"*
B3 if 48 # Aluminum toxin tolerance at seedling stage 0.23° 0.20

B3 W /£ B% Low pk 0.29° 0.36" " 0.74" "
LU RARE0.SMO0.01 KFTFREF. TR

» " " represent significant at 0.05 and 0.01 probability levels, respectively. The same below.

tolerance at seedling stage

Note: *

x4 WEHIEHOAEHE

Table 4  Selected accessions with class 1 stress tolerance

HHEAK R KBS0 5 55 % B Stress tol Bpg
Materia Code Source SD RD A P Maturity group
HED 10 WL 7 Shanxi 1 1 it
BEd 14 7 W7 Shanxi 1 1 2 2 m
EE 16 8 (L 7§ Shanxi 3 1 jiif
WHENANAR 1 BR 76 Shaanxi 1 3 2 3 v
#HE15 11 Jt3X Beijing 1 2 3 2 il
TRERK 3 B 7§ Shaanxi 3 1 3 N
6-13 14 4t Hebei 2 1 il
WHRT 31 W Anhui 2 1 2 2 A
HEAAL 61 L7 Jiangx 4 3 1 2 v
W 91-11 33 ¥4t Hubei 4 3 1 3 v
KEBENRBME 23 %W Anhui 2 3 1 2 \
YHETFHE 24 B Henan 4 4 1 3 v
BRE&MF 19 LK Shandong 3 3 1 1 I
FE1E5 21 113K Shandong 2 3 1 1 v
LEXEIT® 57 I ¥ Shanghai 4 3 1 1 ' |

¥:SD, RD, A, PAFIRBRAHIR R G PRI 8 BT B ER.
Note: SD, RD, A and P represent drought tolerance at seedling stage, drought tol at reproductive stage, alumi toxin tol

b oanh,

and low

P
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Table 5  Correlations between root traits and drought tolerance
i RTE HEK kR WHRTE HRBK HARER
Year Dry root weight Total root length  Root volume Dry root weight/plant dry weight Total root length/plant dry weight Root volume/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" "
6 ATHRRERSEHWARRMEMMN B XD
Table 6  Correlations between root traits and aluminum toxin tolerance
wRy  ERk gEK O RER mFR SOME EREE BRKE ppy  RTEE
Number of Tap root Total root Root Dry root b of oot totd] rot Relative dy "f
lateral roots length length volume weight lal:nl oots ';:!Bdl lonatt root volume “ix
-0.26" 0.55" " 0.34" " 0.20 -0.01 0.67" " 0.74" " 0.81" " 0.81°° 0.93" "
3 R A FEHFIRET ERNEYRAGHGF 3

3.1 KEMRRAESELHHA

A BRIT M BER A2 k) A S 3% 43 B R A W R
B HEB SR R I E WA RN 15 1
MHmREEERRA —ERNESHI WEHRE
BEofmEL T TRIBRK, W% KB 8 E 2k
R R B AR B At X, X — T T U A E B K
HTFRPNEFBN=ETHRUER.B5—FE
B £ 58 3 R A 3 — S e i ) . ERSMK
MROEEBAEEAR EAXFHLAERL
#ho

RERE—H A KN REL M, BRAEBE
REFERWAEHRR, NRA R, |2 K5
RESBE AW EHMERNTREREN Lt
@290 FERATFF I, HHHMRRF RS HLBEZ,
RERRFRE AERREAFE, ARITLR
BEMEBET AR R IT X 4 BB
HEREEE)  FEREN.
3.2 WEMHERAMRMHXER

FHAEXABRTFERER ERRKERAE
RE 4 3FHE ST B4 (LT 2T 5 SRR o S8 o 3
PR B R & BUA HK, T LR T L AR AR EAR
KEMMENY S22 RBERX SMEREERR
BERBEMAHBEL RERL . BRKK. E
BRE W —RAAB BB E, XTRET
HERPARR BRRFBERR, T LB R
R RRE T ARAS XA Z E R J R RN
RATHBRREREZROHEXMENGE, BNE
i WERAE R, BRBRERPHEMELRE
E

BAMRBRE . SRK ERK BERBRTE

RAZMALHET R, QHEERRRE T BEL
AR K ST R, AXFRERYH, K
SHRAEROENEYSREFIRBEEEHE
ERBEMX, ARAEIWERNOHXRAERE
FRA AT AR
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