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Screening of Superior Soybean Rhizobial Strains and Analyzing of Different In-

oculation Methods in Loess Plateau Region of China

ZHANG Hong-xia, FENG Rui-hua, GUAN Da-wei, LI Jun, CAO Feng-ming

(Institute of Agricultural Resources and Agricultural Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 10081, China)

Abstract : Ten superior rhizobia strains matched well with the soybean ( Glycine max) cultivar Jindou 25 were screened from 20

rhizobia varieties that isolated from Loess Plateau region according to nodule numbers, nodule dry weights, plant dry weights

and total N contents by vermiculite and soil pot experiments. Subsequently, three inoculation methods were adopted in field

experiments and two strains of Bradyrhizobium liaoningense 4345 and Sinorhizobium fredii 4338 were selected by their perform-

ance of nitrogen fixing and competitive nodulation ability from the 10 strains in drought resistant and soil pot experiments.

Spraying showed better effects in plant dry weight, nodulation competitiveness, seed yield and total N content than the other

two treatments for B. liaoningense 4345. Moreover, seed dressing showed the best effects in plant dry weight, nodulation com-

petitiveness, seed yield and total N content for S. fredit 4338 in the field experiment. The results indicated that the inoculation

methods of spraying and seed dressing were Suitable for rhizobium application in Loess Plateau region.
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Table | Strains used in this study

[EE7S 3 P 3 K R Sy e & LS S35 b 5 R U Sy eiE &

Strains Origins or sources Host plant Strains Origins or sources Host plant
S. fredii 4337 1L PG vy BA 25 S. fredii 4392 e PG 8 iz 23
S. fredii 4338 11175 3 BH W E 25 B. japonicum 4361 111 75 ¥ B EH 39
S. fredii 4362 11175 3 B B39 S. fredii 2078 117G P R F A
B. japonicum 03090 1175 R4 K S. fredii 4377 1L PG vy BH B34
S. fredii 4397 o 74 2 s g 25 S. fredii 4394 % VG 5 i g 25
S. fredii 4422 e 74 4E 22 W 79 S. fredii 4330 111 76 % FH T 25
S. fredii J19-6 PN KE S. fredii 4481 L PG vy BA H 1729
S. fredii SR2a 111 74 % FH K B. japonicum 113-2 ikl yNISE
S. fredii 4335 11175 % FH HE 25 S. fredii USDA191 I ¥ N
S. fredii S20-11 11175 75 FH K& B. japonicum 2178 MRV 627
B. liaoningense 4345 14 %5 FH W 34 B. japonicum 005 1 4R o R NG
S. fredii 4429 e PG 4 27 W5 78 S. fredii USDA205 T g A /
S. fredii 71080 e 74 % e b B. japonicum €33 * /

1.1.2 XK e &Ah REMMED2S Hiligs
AR} Bt 22 Br VE P E BT A R RTAR L

113 X3k MLV A KRB U HE TEEY
TF 5 FF 2 2 22 4F K G Fh A IR 56 1 b 3 1, - e
M HAT PR & 2.02% , A 43,15 mg -
kg ™', ML 28. 67 mg - kg, AL 86. 03 myg -
kg ™', pH 8.28,

114 X Rt 8/ X A F 1L vg vy B
SRR REIRBH, ZHEME KRG, £
WU & R 104 ~105 4 - o', REEMEYINE . A
ML 1.67% , #5050 83.7 mg - kg™, AL A 59. 6
mg - kg ™', AL 27.4 mg - kg,

1.2 REAHE

121 &k & b o 4 F A [ A
YMA R _E TGk, SR 5 e 4 7E YMA R B 3R 3k,

28°C,150 r - min ' PR IKIEFE  EHbEIEFE 3 ~4 d,H
W YMA 5555505 2 48— OD {H (X =600 nm) , i
AW A 10° - mL™',

1.2.2 BaafmitAk ®HFEKPHIIZH KD
FfiF , 7 95% WK TR 30 s, FH 0. 1% F+5R K1
5 min, SR 5 FITCH K IEUE 5 ~ 6 W, B Fh7E B84 K T
WE AT IR ZE (17 em x 15 em) B, B 45 6 JoiAP 5,
A3 Al A AR R RO 2 mL, DR O X BE
FRAL P 4 REE, FHLHESI XA, Sk E T
1K 25 ~30C (&[] 15 ~20°C (& KOG 8 h Ay
FhRE. MEEEAEE 3 PR 40 d FIR
Ko

1.2.3 @& FAK-FiXKE R L EE 6000 ( PEG
6000) A TAEHLT 54544, 76 YMA AR 720 o
A PEG 6000 fifi Hyfk B (W/V) 53 51K :15% 25% |
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35% ,SWREER 3 IRHE K,

1.2.4 aFralg Hab ik Pk E 1 Rz
FhE] S mL YMA #4435 55 ,28°C ,150 r - :
PR HR G AR 4 d BBAEFNR, W 0. 1 mL 425 Fif
W ARE B PEG 6000 ¥ B2 YMA R KE 55 5
28°C, 150 r - JEIREE SR T A 8K E TR ST IR,
FEXT it BE KA R RO A IS S B, TUL810 2§ 4b
A3 EHEEE T OD 0 fH , FH 0D, 1 K /N s H7E %
IKOF N AR K BT AR

1.2.5 XEEHRA MRS EBEE A R 7
H R B R K AR T 10 fk AT R EEER R
A, HREH FREMAKA 1.5 kg LA
(17 em x 15 em) o, B Z5Fp 6 Joi 7, 42 b AR 14
W2 mL, LA 3R oA R, AP 4 AR
R G 1.2.27 5557 40 d G liosk .
1.2.6 A5 XNiX¥%  BEH B. liconingense 4345
FS. fredii 4338 2 ANTE bR, #EAT H [H] /N IX 3 42 Fil
JrAl s . g I 7 AL I 2 SRR x 3 R
For 20, CKOANF2 Fpoxt B0 s AN b 9 3 kB &, 4
21 AN /NIK, SR 58 4 B BL X 4L HE B, N X T R
13.3 m*, RIR A 3 Az Fh o 2K 20 000 o I
R N 2 L = 3 = W o LR i > 9 e I
RN 6 mL, BT I i . it J = 12 2
R 5 VA T R S 1 AT RO E 2B B, R N X
6 mL, FRHEATHRE RN ol R e b 75 2O K AR 1R S
BHEST OB L, AR G ¥ ST 2B B, R R RN IX
90 ¢ B2 ~3 em, ARG IR R UA T fEL K
WIRAE S MRR S MR, W e e, W T8 -

min -

oo -1
min

TR T . b FAERR 2 RS, NI =
1.2.7 #BAaRN 2 o BIEE A AAR M A
B s 0 5 MR R K [ N U RR 3 B R (AR
1 it iR Ab S %) 43 B i) L 105°C %7 1 h,75C 4t
T2 fE &, FRH AR T, SR LR E Ak E
LR

1.2.8 G@Een g BAELEZR P RENK
GARIE A0 B 40% il Ay EP & R A B AL HE
BRI AL R PR R 48 A, He STk Uy vk H B iR I
DNA" SR ] BOX-PCR #§ £ [&] 315 i I 5 £ Fft 4 90
T R (R R

1.3 #iEHMH
K Excel F1 SPSS # A4 70 Hr i 56 %54k o
2 ER5H9

2.1 R K EREE KA %

2.1.1 RaMBHEL ZHmF ALK 26 %
R SRR T 0 Ay 5 A 0 O v, K Bk R RR A R R 25
S IEER DR G AN T Bl R NIER K7 S W o R R
W12 T Y R bR 4345 4338 AF 17 R AREEAT L b AE
P A R R, 25 28 W7 5 i AR R T ) AR A R
55 CK M U A AN [ 2 B2 B £ 8 o 7 00 7 R Bk 4335
Sh, G R RT CK, 5 R CK $% 29.47% ~
2.11% . H LI Rk 4345 4338 . C33 2178 ## /P )5
REPR & R AL T RIS, WA RRE B (2 2) .
A AR, 5 25 A5 E AR 10 BR
AR 0 T — 25 S 4 R A2 0 1 1 T A

x2 FEELSMHAEER

Table 2 Results of first round screening on Jindou 25

e Mo EAEAR T I Lo X B 42 IS¥ck d T E BUMRYTE Ry S oF = Y
glff,\“ Dry weight Percentage of Nodules Nodules dry weight Total N content
per plant/g dry weight increase/% per plant per plant/mg per plant/mg

2178 0.665 " 32.73 8.5" 16.08 " 1.16

1132 0.670 " 33.73 11.4"° 14.42" 1.09

4345 0.638" 27.35 17.8% " 25.75" 1.23

4338 0.629 " 25.55 16.9" " 23.50 " 1.15

4362 0.610" 21.78 4.3 5.67 0.97

03090 0. 614~ 22.85 9.8" 15.42 1.12

4397 0.600 " 19.76 3.4 ND 0.98

4422 0.613" 22.36 5.2 10.33 1.02

C33 0.618" 23.35 7.7" 14.25" 1.19

J19-6 0.598 19.36 5.5 6.83 1.01

SR2a 0.592 18.16 13.7"" 14.67" 1.04

4335 0.590 17.76 6.1 3.12 0.94

S20-11 0.589 17.56 1.2 11.42" 1.03

USDA 191 0.588 17.37 16.4" " 10.13 1.00

4392 0.587 17.17 3.5 ND ND

4361 0.586 16.97 3.2 4.58 ND




6 1 G AL AR AT - B e i M DX O R R S AR IR T 1Y O 0 5 Ay U O 999

(8% 2)
itk o FAEMR T Lo X B4R SRR ¢ BT E Mo EAERR R R
S Dry weight Percentage of Nodules Nodules dry weight Total N content
Strains
per plant/g dry weight increase/% per plant per plant/mg per plant/mg

2078 0.585 16.77 1.7 ND ND

005 0.581 15.97 11.8""° 14.58 " 1.05

4337 0.573 14.37 3.4 ND ND

USDA 205 0.571 13.97 20.2" " 15.25" 1.07

4377 0.570 13.77 4.0 3.08 ND

4394 0.555 10.78 0.5 ND ND

4330 0.549 9.58 0.5 ND ND

71080 0.548 9.38 1.3 ND ND

4429 0.530 5.79 3.2 ND ND

4481 0.477 32.73 1.7 ND ND

CK 0.501 — 0 — 0.95

VLB BR300 4 A3, SR LU BOR AT Duncan 3%, * 7R 7E P <0.05 AKF 225 B3, ° RRTE P <0.01 JKF 22 5 dl i 3% ND %

7R B AR

Values presented were means of four repeated experiments.

" indicated significant difference (P <0.05) between strains by Duncan test, **

indica-

ted very significant difference (P <0.01); ND indicates data were not detected.

2.1.2 wWRFHRBagERE MNEIUED,ME
PEG 6000 ¥ & it 5 i1, AR &3 & OD B sk /)N, 76 e &
H35% f EREEAS A K. 6 BR1E AR K T AR,

#*3 RERBEEARIRE PEG 6000 B4 KK R
Table 3 Effects of different concentration of PEG 6000

on soybean rhizobium growth

¥k 4345 ££ PEG 6000 ¥ Ji 4y 35% if OD fif 5 K, 3 i OD ez volues
Strains 0 15% 25% 35%
ﬁ\j‘j*}k 2178 ‘03090‘113_2‘005‘C33’4 **‘Ij%ﬁij( 4345 1.201 0.971 0.598 0.242
AR A, bk 4338 7E 3 Fhk E b OD {H I Ok, SR2a 1.845 1.630 1.016 0.455
PEG 6000 {;{QE 35% H?J‘ oD {E'f}:’]iﬁ 0. 624,;;75(?‘7 520-11 1.791 0.748 0.360 0.151
4338 1.924 1.663 1.251 0.624
SR2a, PEG 6000 [ Ji M 25% %I 35% it , i bk US- 03090 1,309 0.909  0.571  0.204
DA 205 ) OD,,, i 20 F (. AT 0, A [ i B it 52 005 1.625  0.672  0.281  0.121
2 o 205 2.282 1.420 1.107 0.251
HEJ1 22 BRBKC €33 1.767 0.819 0.465 0.104
2.1.3 MRBARIZEEZRLH Ko im il Rk 2178 1,524 0.838  0.578  0.213
1010 4k T AU B8 R I 25 , £ AR AL w2 lws Lo 0ss o
i . AR IR 4,
®4 BES TEIFHARER
Table 4 Results of pot plant test on Jindou 25
¥ AR T E THEERR b B AR AR AR LR
TH AR Nodules Dry weight Percentage of Total N content Percentage of
strains per plant per plant/mg dry weight increase/% per plant/mg total N increase/ %
4338 13.5a 781.83ab 21.92 1.38 36.63
2178 12.6a 689. 83bc 7.58 1.31 29.70
C33 12.2a 782.42ab 22.01 1.37 35.28
USDA205 1.1b 727.25abe 13.41 1.26 24.75
520-11 2.5b 698.96abc 8.99 1.23 21.78
4345 16.6a 834.677a 30. 16 1.43 41.57
005 10.5a 735.00abc 14.62 1.31 29.70
SR2a 11.7a 735.83abce 14.75 1.30 28.77
113-2 16.8a 782.96ab 22.1 1.41 39.75
03090 14.8a 744.67abc 16.13 1.34 32.50
CK 0.3b 641.25¢ — 1.01 —

VL RS 3 0 4 A FE 3, 39 SR AT Duncan 3, P BE AR R TE P <0.05 K22 57 0 3%

Values presented were means of four repeated experiments. Different letters (a, b,c¢) indicate significant difference (P <0.05) between treatments

by Duncan test.
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Fig.1 Fingerprint patterns of nodule occupancy of

strain 4345 by BOX-PCR
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VLR Pk 4345 1 4338 g B R B bk, R FWEHE L
FRnFD T e 3 Fpde A gy =X kAT 1]/ U5, 78
V525 25 S IRORE I e AR R A R T b b R AR
TEE R bR PR A A, E WSOBR I A R
GRS,

Xof T Ak 4345 SR Ui, Wit S5 10 988 50053 ol 2 R R
PR R 2.5 580 2.6 %509 T H 0 52— H W
3U1AER 2.9 b EHKR SR SRS 21.1% M
22.1% o R J5 B8 T 5 A0 M b R BR T IKF R
SR HRAE AR TR R M HER AR,

Xof T Ak 4338 SR, B Aoy X b BT E A
SRINALTEE 1 A7, o b A AR T 5 4 1) EL s it AR
TR L R 19.4% F1 26. 8% ; Hb A AR 4 AR B
18.2% F1122. 0% ; 8 KU AE T 55 2 30 W8 it A 98 %
I8 E K IR T R R R R R AR 3.2 fE
2.5 ffF, MR R EMAUR TEATE 2 A, HE i
bR HEAE B -

S F i, CK = 5 55 AR, AN [R] bk A4 b g7
A CK = i $E S IR R, 7 0.5% ~5.82% Z
], X F B bk 4345, 5 CK M E, R [ 4 Fp 5 =0 F 7=
SEE U O W > FE R > B OR R, 2 2
5.82% ,2.84% FI 1.79% ; W§ it Lt 25 F F0 Fh B 122 il
P 2.8% F14.0% . XFF Btk 4338, 5 CK fH I,
ATl e F oy X7 i U O PR > W > R R
PRl BN 4.56% ,3.17% F1 0. 5% , $£F Ho 55 i
R R R 1.3% F14.0% .
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Table 5 Effects of different inoculation methods on symbiotic nitrogen fixation and seed yield

. LIRSS T BT E L8734y i .
I Fl Ak 3 NS s
Nodules Nodule dry weight Dry weight Total N content
Strains Treatment Yield/g
per plant per plant/mg per plant/mg per plant/mg
FEF 8.0ab 30.0 6.81 24.64 1037
B. liaoningense 4345 % i 20.3a 92.0 7.81 29.83 1067
b IR B2 b 7.8ab 32.1 6.94 24.43 1026
HFp 10.5ab 25.1 7.57 27.21 1054
S. fredii 4338 5% it 15.9ab 79.3 6.34 23.03 1040
ol R B 7.9ab 32.2 5.97 22.31 1013
CK 2.4b 3.1 5.61 21.49 1008

VL _EBd 34 o A T A2 )7 S0 B (8 HEEOR  Duncan 3, FREAR A RORAE P <0.05 /K225 B3

Values presented were means of four repeated experiments. Different letters (a, b) indicate significant difference (P <0.05) between treatments by

Duncan test.
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