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Screening for Al-tolerant Rhizobium and Its Effects on Soybean-Rhizobium Sym-
biosis System
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provement, South China Agriculture University, Guangzhou 510642, China)

Abstract: In order to solve the soil acidification problem of soybean planting in south China,the superior aluminum-tolerant
rhizobia strains were screened by inoculation test, and find the special suitable rhizobial strains or Legume-rhizobium symbiotic
nitrogen (N, ) fixation (SNF) for acid soil in south China. The nodules of 20 cultivation soybeans which grew in Zengcheng
and Huizhou of Guangdong province were isolated by using technique of strains activated culture method. The tolerance of alu-
minum was detected by spectrophotometer. The growth characteristics of aluminum-tolerant rhizobium were analyzed by using
the method of inoculation. The effects of acid on growth and nodulation of the cultivated-soybean were explored by inoculating
with aluminum-tolerant strains. The growth of YX30 strain on pH6. O group was faster than the pH4.5 group under the same
Al concentration. Four soybean genotypes inoculated with rhizobium of YX30 were cultured with different Al concentration at
pH6. 0 and pH4. 5, respectively. Results indicated that when the Al concentration reached 200 pmol+L ™", the resistant geno-
type could nodulate while the sensitive genotype failed. As the concentration of Al increased, the number of nodules de-
creased. A concentration of 100 pmol-1.”" Al in the medium led to the negative growth of the dry weight of the plant shoots at
both pH4. 5 and pH6. 0. In the medium with lower Al concentration(25 and 50 umol'Lfl ), nodule numbers were more than
their controls at both pH4. 5 and 6. 0, activity of the N fixation enzyme, dry weight and N content of the shoots were higher
than their corresponding controls. Although Al is an inhibited factor in acid environment, low concentration of Al could en-
hance nodulation, and increase the dry weight and N content of the shoots.
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SIHE) HEE 15 (7P BRI E M) o WHEST
ST 2R () 348 30k 7 114 36 PRI M A B T i 56 F
AR 20 DSRE S B B (R 1) o WG RS
FERH YMA 3553228 AR K 8% 2Kk H Fahraeu JCZ&(HH
YIrEFRUWL
1.2 T ER 4R AR JE B Mk O I ik
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Table 1 Soybean germplasm of nodulation test
B AR ik ST bk
Germplasm in Huizhou Strain No. Germplasm in Zengcheng Strain No.
AT 82 Gengqing 82 1 #. 5 05-3 Yuexia05-3 15.25 34
01144 Gui0l144 2.11 Wi% 3 5 Zhechun 3 17 24
B9 03-3 Yuexia03-3 3.10 A 51 & & Zigongdongdou 18 .20
4% 506 Nannong 506 4 PG 15 Baxi 15 19 21
#: 0112-3Gui0112-3 5.6 (74 2 Baxi 2 14 .16 26 35
4237 1 5 Huaxia 1 6 BE 03 Yuexia 03 23 .29 .30.32 .33 .36
FE 0104-1Gui0104 7 P 13 Baxi 13 22 28
5 05-2 Yuexia05-2 8.9 43 45 £ 5 1 5 Huaxia 1 27 44
= &
FEE 2 5 Guixia 2 42 £ H 3 5 Huaxia 3 37
F£ 0103-1 Gui0103-1 12 #:0103-1 Gui0103-1 38.39
FE 0104-1 Gui0104-1 13 15 H 82 Gengging 82 31 .40 41
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R [ R0 0 P T 5 S, PR TR R R Y 3
8.16 .23 130 Stk — Pk, ik 2 pr
7N, BEAE B R B T, T A AE R R e A
SO AR A B A AR EE ARG (25 pmol - L71) B g
A R PR, 514N 23 FN 30 5 B AR AR FR VR R R
25 pmol - L™ A K B ¥y i T X HR . A6 40 25 i
SR A TR X IR 55 110 T 52 28 32 85 T8 A= AR AT 19 A5
A Bk B. japonicum USDA6", 448 ¥k J& 1k 3] 100
wmol - L™, M A4 A= 4 £ JLF- i 20 31 %6 R (40 vk
J# 0 pmol - L") 19 50% , 453 BE 1451 200 pmol - L~ fif
BRRAG A KLl 20 06 8 (4836 0 pmol - L")
(1 20% , KR A5 H& AR A K i 3R BT 16 30 5 B Ak Ay T
R , 1055 YX30,

Determination of nitrogenase activity of isolated strains

2.4 ERERxT YX30 R E K ERKN G

M 3 e nl LU H v 21 (pH6. 0) R
FRIEL TR 14 ODgoo {H 349 151 T BR M 25 14 (pH4.5) T A,
AT 2 7 BT A 45 2 K 30 2 30 L %o 50 K B A
FUE ) AR i v A 0F T, MR B A 4E ¥
WAL R 18 h FRVESSIE T AR B A A B K 24
36 h, pH6. 0 B, AN[r]¥ B At AR X AR JRd B i HH T L7
AR s pHA. 5 B IR AR (25 TS0 pmol - L") Xif
R PRI E T 09t LT A 52 M o 224 40 e 3 438 o 1)
100 pmol « L ™" Fisf, M3 8 T4 ZE 45 301 46 K % 48 h, R
ST AR AE R S A T A L, Y%
P EcAE K B S RRE B R EIR . 5
pH6. 0 B} AH L, pH4. 5 B YX30 7 # i % £ A= 4 1
M B 18 h, R e 513524 20 h,
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Fig.2 Relative growth quantity of strains under different AI’* concentrations
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Fig.3 Growth curves of YX30 strain under AI'* treatments
2.5 BEmMASHEBREERPZI ZIa), e PR AN g Ab PR 22 ], pHL AL e 2 S [ AL =
2.5.1 memdRELBOYh ZNRITEM R G5 BOE WA B RS EARR],
AIEE R s, MR T YX30 e AU ErE el FAEM I 1359777 ,5.337 77 5,657 (£2),
WERRERRES(F=7.14""), H pH M4t H
R2 ZEARFESHHER

Table 2 Effect ofthree-factor variance analysis

BRVREE x JEPIAL pH x Rk B x LR Y

b3 BRI ALY HERAY Hx AIP* pH x 5
pH - P A} concentration  pH x AI** concentration
Treatment concentration Genotype concentration ~ pH x Genotype
x Genotype x Genotype
9% Nodule number 3.39 ns 0.29 ns 7.14% " 0. 68 ns 13.59 " * * 5.33* %" 5.65%%

*.0.01 <P<0.05;*":P<0.01;"*".P<0.0001;ns: 2F A BE, TH.,
*:0.01 <P<0.05;"":P<0.01; """ .P<0.0001 ;ns:No significant difference. The same below.

3 BRI A Z M RO ICRCOC R, YX30  ARERECH 21 4>, HUCH Young, {HAN[H] pH il
Wk SR 1 Young BYVCRCPERCLS, 50 RE 1ok, AR ALWEXTERBCE A W% o Xt T i AR dh i
EH 1 SIREURZE  pH4. 5 4RVRIE R 25 pumol - LT AREL 1 45 PI416937 SR i, pH4. 5 R 4R Uk JE Sy 200
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Mmol-Lflﬁﬂ'iI‘.ﬁEEg%ﬁg, T 50 J8% i Young i E
1 S 7E 89 B g 200 pmol - L' i 8 28 AN RE 45 77 .
pHA. 5 Z&PFF BV g 25 pumol - L™ N A7 480 4

FEAERAL B2 2, ik — 25 RAE R 1 5 BRI
W o XTI BR S dh R EE R 1 5ok, R — 4
WHET ,pH6. 0 AEHEES T pHA. 5,

R3 ERBLEFEMREEN YX30 HEBH R

Table 3  Effect of rhizobium of YX30 on nodulation under AI’* treatments

FRREE AR A5 1 4 Huaxia 1 H:H 1 % Guixia 1 Young P1416937
concentration/ ( wmol - L=1) pH4. 5 pH6. 0 pH4. 5 pH6. 0 pH4. 5 pH6. 0 pH4.5 pH6. 0
Xt HR CK 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0
0 17 £0.9 19.3+1.9 2.3+0.3 6+1.5 14 £0.6 7.3+1.8 6.7+0.3 5.3+1.2
25 21 +0. 58 18.7 +£2.3 2.7+0.3 4+1 16.7 +1.4 9+1 8.7x1.2 10 £3.2
50 15+2.3 12.7 2.2 3.3+0.3 4 +0 12.7+2.0 9.7+1.9 7.3+0.9 4.5+2.5
100 7+0.6 10.3+£1.9 2.3+0.3 51 9+2.6 9.3+1.4 4.3+0.9 5.7+0.9
200 2+0.6 - - - - - 2.3+0.9 -
2.5.2 AR EBREERGHH GitoE A 18.0 wmol C,H, g™ -h ™! ,32.0 pmol C,H,-g™'+h™";

B pH AL YR J32 K it A o) [e] 280 114 52 W) #3838 2
WERKF(F4), £S5 IR pH6. 0 B TR K 14 [ A
AEJ75R T pHA. 5. fE K 1 S HE pHA. 5 )% 50
;,Lmol-L_l Fsf [ (R Sy e Ry 15,9 wmol C,H, -g_l -h',
7E pH6. 0§V 7 100 pumol - L™ i 78 260 1t I 1
54 26.6 pwmol C,H,-g™'-h™", PI416937 7f pH4. 5
1 pH6. 0 FAVR A 25 pumol - L™ st i 2077 1 i 4 3

x4

Young 7+ pH4. 5 F1 pH6. 0 453k B2k 25 Mmo]-LfleéIE
RIEPERSR 9K 26.7 F147.9 wmol C,H,-g™'+h™',
PR PR AR S AP L 1 5 AN 0 1 R 3% e i o [
RURE T Bt BRI P B 38 g v s, DA [T R
A, YX30 H AR S 1, Young A VT FC M A 4 4598
[ L BE T 5

ZEARFESTHER

Table 4 Effect of three-factor variance analysis

pH x fRHk BV AR pH X RIUREE x FEA A
Jb B R AP B PR Y pH x LK Al e
pH pH x A3+ concentration X pH x AP+
Treatment concentration Genotype pH x Genotype
concentration Genotype concentration x Genotype
4.477%  27.66" " 22.54* " 7.70" " 9.03"** 4.02"" 7.31""

Nitrogenase activity

RS BRIAAETEM YX30 BN X EEREE NN
Table 5 Effect of Rhizobium YX30 on Nitrogenase activity of soybean under Al'* treatments( pmol -g'-h ')

vk AP

' 45 1 % Huaxia 1 FEEL 1% Guixia 1 Young PI416937
concentration
/(pmol-L=") pH4. 5 pH6. 0 pH4. 5 pH6. 0 pH4. 5 pH6. 0 pH4. 5 pH6. 0
0 4.74£1.83  15.4+3.07 29.0+7.15 24.1+4.40 5.03£0.577 19.6+5.60 11.7+3.51  14.8+2.75
25 13.4£0.457 14.3+2.50 26.5+2.78 23.0+2.61 26.7+3.91 47.9+531 18.0x1.81 32.0%2.26
50 15.91.93  7.01+1.35 26.1+8.10 47.8+7.36 3.77+1.00 13.2+2.38 10.2+1.32  22.6+4.27
100 13.4£2.04  26.6+5.86 6.05+2.60 40.3+1.70 11.5+2.04 36.6+7.30 4.13+0.61  12.0£2.05
200 5.4£0.418 - 0+0 - 0+0 - 8.63 +0. 589 -

2.5.3 Btk ex LERTFEGHA  HR YX30
SRS NI pH R Ak PR RO AR R ML
FHEMMEE, %6 E/x pH4. 5 7] pH6. 0 AL, 4E
B 1 SRR K 25 F150 pmol - L™ isf iy b 38T
P& 1w R BE 5 IR T 10. 07 % F0119. 25% |, TEA
TR B IS = IR BE R /D 3. 49% s i 5 1 S 7R 4R
W E R 25 F150 pmol « L™ At iy b 348 7 2 5 ) ik )22

Ay PR T 11, 84% FiI 14. 05% , T AEAS AR (o Bsf 4 2
PEEIIRE 2. 4% ; Young 7EER UM A 25 1150 pmol L
ik by 5 R R e 0 A B R T 21, 71%
13.57% , 1 7 AN 45 () B {32 & T 0.43% 5
PI416937 EGHE Jy 25 F1150 pmol - L™ " ik i |- FBF
H P R IR A3 SN T 2. 23% F1 8. 3% , MAEA N
BRI H g T 0.63%
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Table 6 Effect of rhizobium of YX30 on shoot dry weight of soybean under AI’* treatments( % )

R AL 4637 1 2 Huaxia 1 BEH 1 2 Guixia 1 Young PI416937
concentration/( pmol -L ™) pH4.5 pH6. 0 pH4. 5 pH6. 0 pH4. 5 pH6. 0 pH4. 5 pH6. 0
0 3.36 6.85 9.86 4.45 2.46 4.02 1.11 0.48
25 14.99 25.06 29. 47 41.31 11.05 32.76 26. 88 24.57
50 13.52 32.77 21.90 35.95 14.85 28.42 25.41 16. 84
100 -9.11 10. 74 ~17.81 -8.29 -22.68 -8.98 -12.10 -38.67

F P B AR A CK AR LB 0 2058, T IR

The value in the table was increased rate of inoculated YX30 compared with CK. The same below.

2.5.4 BB KIWMEFRSREGHH KTE
PR YX30 AR B e, AN [] ) R A0 B, AN ) 5 A ox
FERR b b 38 5 R R AR AT A W S, pHA. S W]
pHO. 0 #HL AR5 1 S AEFRH S 25 1 50 pmol - L™
I A A v R R O B T 15, 58% Al
21. 58% , TAEAS JIAE Y A 2 4 w8y 10 Rt B2 A1 1
12.39% ; ¥E 1 SRR 25 150 pmol + L™

I v S 38 J0 T 29. 86 % 1 39. 57% |, M E A
TR g s A T 5 IR JE BN T 58, 94% ; YOUNG
FEAS e BE Ry 25 A1 50 pmol - L' BF M b EE RS T
14.33% F1 1. 64% | TAEASJINER 0 Bt A i v 1 s
IR T 20. 89% ; PI416937 FEARFE 7 25 ' F1 50 pmol - 1™
A4 7 4 i BE I T 58. 35% 1 75. 66% |, T 7E AN
BRI P S IR R N T 27. 72%

R BIEALEFEMREEX YX30 HESENRME

Table 7 Effect of rhizobium on NH4 * — N content of YX30 under Al'* treatments (%)
FRYEHE AP * concentration #2215 Huaxia 1 H:H 1% Guixia 1 Young PI416937
/(pmol L") pH4. 5 pH6. 0 pH4. 5 pH6. 0 pH4. 5 pH6. 0 pH4.5 pH6. 0
0 8.48 20. 87 92.69 33.75 17.43 38.32 43.09 15.37
25 54. 60 39.02 97.37 67.51 14.33 60. 89 97.55 39.2
50 56. 64 35. 06 109. 64 70.07 21.58 23.22 87.76 12. 1
100 20. 04 72.24 26. 56 14.96 -3.72 2.98 19.70 -0.48

3 Zit5itie

ASBIFSE (4 TR 23 ) 384 308 9 R A A ik
56 TR A= R A R 2t b b 20 B DR 2 4 T R AT
BEFE O ~200 pmol - L™" 338 F A= &, I HLBE % 4
WL TH e, B AR A S B, 38 0 A T A
[ S6URE T 04 LA, O 0 HH EL A T B e ) O R TR R
YX30, BREGHMET , ms i A A A R G RIE BHKH
T ERHE Y5 AR A L R 3R R T A TR
Y K rh R T 4 3 A B AR AL T — N B
K-, 3 I PRI T B R K i T R Rk &
JEEEHE " . BRAIEAIE 25 pmol - L7 (14 fig
PEFEERAY A, O AR I A B R, 2440
e BEREINE 50 pmol - L1 Bk, B Rk 19 A K 46 22 5
o FATIN A R 2 1) 55 RE i E AR TR A A= 1
AHESRE A O B R P ) BR B TR  — R R T R
B BCRR L S T B BRI R

SUE [ SRR 28 0 R 0 ) TR 52 RE A7 15 s o T 7R
FRBE S VI G , AR SRS T L ) YX30 B PR A TR
PEZEAE N IR G, 45 9 At 5 o e 38 %) 1 v Dk
Do TR R 1 5 A1 PIA16937 75§ vk JE 4

JnE] 200 pumol - L~ BHARELSIE , A R AR i AhEE
1 51 Young 7548 ¥ BEHE /i3] 200 pumol - L' E 48
ANBRZEIRL , AT RE SR (0 Ve B 1) 0 410 1) 45 9 5 DR R 4 9
1554 oL 9 3k AT/ T 4598 %0, #F pH4. 5 Fil
pH6. 0 24 F , 4R He BE 1L %] 100 wmol - L' LA A, JL
AR AR B E S A R R
G, 33X AT RE SR R R VR BE AR AR T L X
I AT ) A T35 FIR R 25 2 A R i, AR o AR g T 45 o
I/ DT A5 G 58 et AT 52 i) 45 8 503 fet At 25 AL ) 1Y
RSB | T T 52 Mo AR AR 79 1 220 i 305 1, 2B

ABIFGERT 42 B 22 H 1) K SRR TR AT R AR Al
FRORJG PR, Z BT 50 pmol - L™ (4R Fil kb B
) 24 e A A S 2 U S8 BRI L 45 98 e, S R
T ] B A TR M P v 2 A R R T A B 1) AR IR TR RE
TIERARL R BRTXT R P53 1 3 07 o R 920 B4 ) 7R
PR PR I Y8BT A e 2 [ R 3R A R T . &5
BIREEL R AR R E A AR X 3 SRR PR,
JHIE 2 B B0 T Ak 2R R TR IS 42 R B A S AR Y
KGRI, 6B 42 UF 3 A [ AR R B9 I8 BLfn &
B, EERENAEY RS R E, Wi, AF5E 5



14

2R 7545 < T R BR AR 1 040 5 1 N R — AR T S A AR R 111

2 R A B bR YX30 H A B A9 [ %URE T, mT LS
MRS RAE , T LA 46 1 Ml DX TR 1 4 8 A 7T 570, LA
PeRER A R A

S 3k

(1]

(3]

[4]

BAM . i KA ()] L, 2000(3) : 111-
113. (Zeng X B. Acidification of red soils and control methods
[J]. Chinese Journal of Soil Science,2000(3): 111-113.)
RN, BhT, £, 5. RIS b RS
B R AR R R B LT ] Rl 4, 2008,53 (23)
2903-2910. (Cheng F X,Cao G Q, Wang X Y, et al. The discov-
ery and application of the efficient strains of soybean rhizobia in the
acid low phosphorus soil in south China [ J]. Chinese Science
Bulletin, 2008, 53(23) : 2903-2910. )

B, XNTLL, P4 F . BRI R T R 45 AL 5T
PERELT]. Affle, 2011,23(4) : 414419. (Luo Y Y, Liu W
H, Yan J P. Research advances on aluminum toxicity and tolerant
mechanism of microorganisms [ J]. Chinese Bulletin of Life Sci-
ences, 2011,23(4) : 414419. )

Keyser H H, Munns D N. Effects of calcium, manganese and alu-
mininm on growth of rhizobia in acid media[ J]. Soil Science Soci-
ety of America Journal 1979, 43, 500-503.

Cackmak I, Horst W J. Effect of Aluminum on lipid peroxidation,
superoxideper, dismutase, catalase and preoxidase activities in
root tips of soybean ( Glycine max) [ J]. Physiologia Plantarum,
1991,83 :463-468.

XUMG, A lahs, AR, 4. KRR R WYX 15 5E
AR L], WrLImyE K272 4k, 2008,31(4) : 445451,
(Liu P, JinTT, Xu G D, et al. The effect of soybean’s root exu-
dates on the forms of aluminum of rhizosphere soil [ J]. Journal of
Zhejiang Normal University, 2008,31(4) : 445451. )

Wulff C, Hesse H, Fisahn J. Sulphate fertilization a meliorates
long-term aluminum toxicity symptom in perennial ryegrass [ J].
Plant Physiology and Biochemistry, 2014 ,83 :88-99.

B, VIR . ERER S YA TS PR R A A K R R
[J]. Rl A2, 2015,2(4) ¢ 14-20. (Pei X M,Xu Z
J. Effect of acid aluminum and lead compound pollution on growth
of soybean seedling [ J]. Journal of Hunan Ecological Science,
2015,2(4): 14-20. )

Lazof D B, Rincon M, Rufty ] W, et al. Aluminum accumulation
and associated effects on NO5-influx in roots of two soybean geno-
types differing in Al tolerance [ J]. Plant and Soil, 1994, 164
(2):291-294.

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

daAml . BTSRRI REEEYERE, 1992, 20
(2):29-33. (Meng F C. Soil aluminum toxigity and plant growth
[J]. Progress in Soil Science, 1992, 20(2) : 29-33. )

Mg, PRI, RIFAR, 4. RIMRIT SCAUSS i3k
RAEERRGE LB [T]. Ay #EMR, 2016, 43
(8):1708-1714. (Heng N N, Chen Y X, Xu K W, et al. Field
assessment of symbiotic efficiency, growth-promoting ability and
phylogeny of soybean rhizobial strain SCAUs8 [ J]. Microbiology
China, 2016, 43(8): 1708-1714. )

ERG, IMBCHE, Thibnk, 4. KREMRREE HDOOL 173 B %
FENEIERE R[], KERE, 2014,33(3) : 379-384.
(Wang H G, Sun D J, MaZ Q, et al. Isolation and identification
of thizobium HDOO1 and its nodulation capacity test in soybean
germplasm[ J]. Soybean Science, 2014 ,33(3) ; 379-384. )
Richardson A E. Effects of pH, Ca and Al on the exudation from
clover seedlings of compounds that induce the expression of nodu-
lation genes in Rhizobium trifolii [ J]. Plant Physiology, 1988,
109 37.

Shirokikh A A, Shirokikh I G, Ustyuzhanin I A. Reaction of leg-
ume-rhizobial symbiotic systems to stress caused by acidity and a-
luminum toxicity[ J]. Russian Agricultural Sciences, 2005, 8: 9-
12.

LB, RAABIE, w8, . BXEYEF XAYPURE L
FR[J]. EZSEER, 2000, 20(5) : 855-862. (Kong F X, Sang
W L, Jiang X, et al. Aluminum toxicity and tolerance in plants
[J]. Acta Ecologica Sinica, 2000, 20(5) : 855-862. )

Peter M G, Barry G R. Viability of rhizobium bacteroids isolated
from soybean nodule protoplasts [ J]. Planta,1978,142.329-333.
Sasakawa H, Trung B C, Yoshida S. Stem nodulation on Ae-
schynomene indica plants by isolated rhizobia[ J]. Soil Science &
Plant Nutrition, 1986, 32.145-149.

T, EHGMG, ARG, S5 TR ERARIR TR 1 T 1 AT R
PEIBESELT]. BRI =244, 2014, 35(4) : 50-55. (Li
X P, Wang R P, Nian H, et al. Screening for Al-tolerant rhizobi-
um and a study on its characters[ J]. Journal of South China Agri-
cultural University, 2014, 35(4) . 50-55. )

RNNTT . KRG SEEE RS FR A HLBET 5[ D], &5 WL
JiijE K2, 2005. (Ying X F. Studies on nutritional and physio-
logical mechanisms of soybean as affected with aluminum [ D].
Jinhua: Zhejiang Normal University, 2005. )

Chaintreuil C, Arrighi J, Giraud E, et al. Evolution of symbiosis
in the legume genus Aeschynomene [J]. New Phytologist, 2013,
200(4) :1247-1259.



