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W OE R TR SE AR AR R E T A KRR R A R R M B KRR TR T b L AT Ml
ALY 10 BRALIE TR R B AR, X5 iR VEBCPE R S S Fh AT T B e Al . T ORI DN i AR T ) 45 9 A
W R PR R A, ot b 320 T bk B 3 B S A MRS T B R 24T BOX-PCR I e S [F] 1 Mk =2 7] 9 BOX 4345 4
PRI , LA A5 A B T ) R T N K 0 2 R R 7 B BT T 5 SRR . K B AR
SRR LA A, P R B BT SR 5 MR8 T T LA S AR K AR R R S B R MR B L
AL ER 1, (BPEERR R bR 112-1) () RRARIR SO 22 | RS RR 6 HAAL ] 1, 22 32.95% , 25 5 .35 . B IOAR R0 o b JHL A AR
T E BT AR AT AL, b, B P Ak B T, A RRR T B0 o 420 b L T D SRR e 125 , 5 4 A 3
L 2 125 5 3 s BE RN R RR G R R N 10% ~90% , 98 A8 AL R JEE K, 357 5 9B 3 50% . T, Ab B (55 98 R f v
1 90% AR AP FEE A T BR 113-1) (9 I RIR 2, hy 75% 5 Wbk 9 R 5 AR AR A R R 0 BRI G (r =
0.827 "), Hubisi T FE5 T bk SR 3R L SRR AR i L 1 0BG I P 2 B AE G (r = - 0.387,r= —0.50,r = -0.13);
Lo b PR 5 ey, L AR BRI, AR B 22 0] 28 53 F AN 355 1, (1, (T b T ) SRR SR80 L Bl RO X 45 vy, 3 Ak B 22 ) 22
SR 51, A B R TR T TR PR A B AR R RRRE T X K R UM R L Sy T B
) , 45 45 4% HOTRE T RR P00 3 0 S5 T RE 7 , T M I35 T D8 W K Y X A 0 A 77 A il R PR 01 726 2 A0 T
R 112-1 F1113-1,

SRR : K ARRT I ; 35 44590 s BOX-PCR
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Analysis of the Inoculation Effect of Soybean Rhizobia and the Competitive Nod-
ulation Ability
WANG Jin-sheng', DING Ning’, WU Jun-jiang' ,LIU Qing-li' ,ZHANG Xin'

(1. Soybean Research Institute of Heilongjiang Academy of Agricultural Sciences/Key Laboratory of Soybean Cultivation, Ministry of Agriculture, Harbin
150086, China; 2. Heilongjiang Academy of Agricultural Sciences, Harbin 150086, China)

Abstract: In order to screen and gain Bradyrhizobium japonicum strains that have high-competitive nodulation ability, in the
mean time, be good for growth and quality of soybean, 10 Bradyrhizobium japonicum strains which were being separating , iden-
tification and purification were used as materials to conduct field vaccination test with high-matching soybean. In the full-blos-
som period, testing the nitrogen fixation. At the same time, BOX-PCR was conducted with testing strains and new strains sep-
arated from the field ,and BOX molecular fingerprint was compared , and calculated the rate of testing strains. Testing the main-
ly characters and yield components in the mature period. Result showed that; At the earlier stage,the leaves of inoculated soy-
bean showed dark green and fresher, Bradyrhizobium japonicum could improve root nodules and the number of single nodules
significantly. The number of single root nodules of I, ( the inoculation strain 112-1) was the most, compared with the non-in-
oculated control group of I;, 32.95% and the difference was significant. The dry weight of nodule treated with rhizobia was
significantly lower than that of non-inoculated control. Among them, the inoculation treatment I,had the highest dry weight.
The inoculation treatment 1, had the highest nitrogenase activity, and there was no significant difference with the inoculation
treatment 1,. The incidence rate of the inoculation strain was between 10% and 90% , and the rate of the tumor rate varied
greatly, with the average tumor rate of 50%. I, had a maximum rate of 90% , I ( the inoculation strain 113-1) had the sec-
ond-highest rate of 75% . The incidence of strain was a significant positively correlated with the number of single nodule (r =
0.82" ") ,there was a negative correlation hetween single tumor dry weight and rate, single root nodule and nitrogenase activi-
ty(r=-0.387, r= -0.50,r = —0.13). I had the highest plant height, followed by I,, the difference between the two
treatments was not significant,l,, I, and I, had relatively high single number of pod number and single grain number, and the
difference between the three treatments was not significant,the hundred grain weight of soybean treated by I, was significantly
higher than that of other bacteria dispose. According to the effect of inoculation rhizobia on nitrogen fixation and yield of soy-
bean nodules, the competitive nodules of the rhizobium strains additionally, this research screened out the high-value and high-
effect strains 112-land 113-1 that were appropriate for Harbin in Heilongjiang province.

Keywords : Bradyrhizobium japonicum; Competitive nodulation; BOX-PCR
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FON KT K R BRI R S G E
BVEH, KERR R E RN T HEEDHR N E
e, AR T 5 R A 0 AR EAR 5
MR, T8 BRI, LA A S SR8 45 49 o o B A
WAL R IR, B T B e AR
Pt 520 o e PR R T B R L, AR T 1
I S8 0T R R R S R A W 1 3 T X A T 4R
w7 ERE D AR R AR K E R AT
B B o DK T G 7 T ARG K A 7 A
Sy RTE F) R AR B 4R P B3 TR T IR 3R T4
WD T A 2 R AR AT 32 R 9 2 DA R
SRS AR FREE B BEIR . PR, BIFSE FOT 4258 Tk
AR BRI IR R S R R 1 A [
FARZEA R ERISEE L,

i A R B AN BRI 2 ) A 7R 5 2R AR
P FH S 1 24 K AR R T 3 2 T SRR R i =
F, P b SEER B R AR R A 45 R R R R
PRI, Hok B fl . 22 AR T, 45 v 0 1 338
F 3 P 5 2 o T X A S R 0 A 2 S 5 i
AV ECR I B R K, R I B A R A B A
R, AN = 1K BT RE HIE . RTARTSE
W LA 5P A S T A 3 o0 1o ORI T AT
BT (IR YA S LI 0 2 B AR R T 19 T
B SZBRAE P 2 oh IR A B ZE A R A Y
S AR L SU R R B, RN T
ARAS ORI A T R O g i R R B R L RS
AR 1 - AR IR B RR A L LT e R B R
B, T8 A, T FR 9K N T R A B B A, 1B REAE
LR R IR Y SR, RO AN I B X 1) A
FEASBFE A B TR B 85 R I B e K AR &
T PR IR S 1 b R 80 T A A0 ) T B A1, T 3 A2
AN A 1 56 Bl 2 12 b B R 114 B 4 44590 i ) R
5501100 R, S AR R BE A R AR PR AR L RS 4
FUR 0 B PR A5 DL R 4% , 7 06 A3 0Pk v L35 4 4
TR 1 5 B DR AR T A AR TR T

R, 2 TR 10 7 ¥ 3045 1 ok 5 P9 4 9 2
P13t 5 1) FH T3 0 3 S AR 8 T T R 1) T 988 %, DA ke
TP AR PR (1) 5% 4 S5 97 B8 7, 7 o Z5ORR I3 A 7T o
(9 e T 28 WAR 2 AP IT R T X
ARAEAR B B FRA0 B 2 X B AT T, HERR B ok 1
B 2 T, 7T 58 4 TAG I T R 2R g H
FRENE . BOX-PCR 2R 45 BOX i A K T H (1Y
boxA WA BB 9, o A ) SE B 41 DNA iy
T B B 2 [ FE ST 10, e 4
VIR - B 1) 22 25 Pk AR5 4 B0 1 A5 B — 5

BB AR T DB B %48 7% 4N T Rl K
PR K- bR R A TR A 22 53, BRE T 32 10 H T 28501
N THEMRRE T (0] K AR ) -5 28 MO e I AR
RATAT ¥ (BT R

ABIFE VLRI 0B EE RAT Y 10 B MM
BRI MR A AR AT G Rl B, LR A [7] b
SAETT RS A0 2R R ARG [ UM L
PSR R R AN R 3 N R 7 QDR Ui v O i i
K1 BOX-PCR 73 W)~ AR Xk 12 Ff AR 1l 1 o
(58 SrEs R RE ST HEAT 0 A A 5E PR, LUIB O e 4R
v 8 LS 4 45 TR E 0 9 18 R AR TR TR AR, K
MR TR TR 8 B AR I R R B R R B R A
AR SRS TR B 5 EOR S

1 #B57IE

1.1 #l

L1 BXaeAy 5 Ao SRk 48, i BB e iT
BARFHER G5 T AL, 2 K 2F R 98% . 4
W% e A5 O S R B R A B R DE L

L 1.2 #XE# R RERILTT 10 Bk, 5085 ik
H IR RE F /=X FRAK G MAARE(E ),
L1.3 AR HHCEHORG RIET KRG ™ X
100 em LA FHZB ARG+, HIEAPLTS.3 kg™ |
R4 32. 6 mg-kg ™' HALHE 2.3 mg-kg ™' HALAT
45.5 mg-kg™',pH6. 42,

1.2 Fi&

121 W AR H & YMA BERTHRE R
TEALHER T MRS A YMA AR F2 3, B THE R
B g% CRE ik 120 remin ™" R 28°C) , 02 MR A 75
W OD A, $EF R 0. 60D, ( 0Dy 771 2
PR FRUAE 600 nm 4b () ST W E, 10D KA & A
10° 40 -mL ") .

1.2.2 #BAbz ik MR ITOW AR AR H 95%
M CBER T KIS, 1 kg Fp+H 10 mL B AW AT
FERIRS) X CK AR E /K SRR, BT
JE R

1.2.3 X%t AL AR+ 14 ke, UARE
P 3 A X R 3 11 AR BE (R 1) S AP S
6 (I 6 7)), 78 K 52 AE 11 R B 2230 4 ) R
3 Fh BT R AR RN 10 A, (] E I AR AE B S MR
1.2.4 273 E forkseml e Ko RAE I 5 BUE BR
HR BT H50 B0 Mk AR R 85, KT 5 RS Bk Rk R T
5 1] FH 2R T 00 AR 1 SR 2 A
PRER 3 45, THEE A
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Table 1

and original sources of the strains

Arrangement of treatments and code,

b ERAS eV X

Treatment Name of strains Original source

I - -

I, 111-1 B Shuangcheng
I, 1112 Frdpk Acheng

I 1113 FEAHT Jiamusi
I 112-1 &% Yian

I5 11222 FER Baiquan

I 113-1 4141, Mudanjiang
I, 114-1 597 4¢3 597 farm
Iy 1142 852 4 1% 852farm
I 115-1 224¥, Suihua
Lo 1152 WHEE Hailun

1.2.5 MBE EBFEMNT  KH BOX-PCR 4314
YA BRI E , BRI

(1) RO BT Y 0 15 alidl . R LB 0] A g — 4k
PR ARAR PR AL IZE X 20 SARIE 0. 85% A= B /K
RIS ~6 h SRR BT IR L, 95 % KRG IR I
5 min,3% NaClO ¥29fd 5 min, $KJ5 545 2 T H 1)
1.5 mL Eppendorf 4 /7,1 /M8 1 &, 1 50
7K, TG A Sk 350 B AR R O T8 JBC T B R AE YMA -
Mg R TR R

(2) Btk DNA BOSRI: FF Bk R T YMA R
Bk b 28°CHiR 3 ~4 d A T mL JORKIETR =
G5 B HEEEIA 1.5 mL B4, 13 000 remin ™!
B30 2 min, F B3, 1 x TE 2R vE s w14 3 1k,
CTAB/NaCl i o $2 UG DNA, 8RR 5 /Y
DNA s, I 0. 8% B LR b 5 JC FL Yk B 2 K
ri DNA ¥R

(3) BOX-PCR 5|¥: ¥EH] BOX-AIR 5| ¥4y
PCR ¥##4, BOX-AIR /%41 & 5'-CTACGGCAAG-
GCGACGCTGACG-3',

(4) BOX-PCR 9" 1§ 1k & K 9" 4 2 ) 72
BOX-PCR #" 1A %2 4y 25. 0 wL AR5, 4245540 DNA
1.0 pL,10 x Reaction buffer 2.5 L, 100% DMSO

2.5 pL.4 x dNTP (10 mmol - L™") 2.0 pL. BSA
(0.1%) 0.2 L. BOX-AIR (10 pmol ) 0.32 pL,
MgClL, (25 mmol - L") 5.6 pL. TagDNA polymerase
(5U) 1.0 uL,ddH, 0 b %2 25.0 pl, BOX-PCR
PIRRF AT (95 CHEHE 2 min, (94°C 725 1 min,
52°C 3B K 1 min,65°C ZEf# 8 min)30 MEFF,65°C
ZZFEAH 18 min, PCR =4 40°C %47 5 min,

(5) HL¥k: B BOX-PCR "5 ¥y 6 L 5%
WEIRS), JH DNA Marker 1 2 B8, 75 2% 35 R A BE L
(ZAL 248 0.5 pL-mL™" )80 V HLJEHLYK 6 h; i
R T E EE L N E R EINY SIS

(6) BEIEE s b B X LY 43 B AR IR TR 5 000 kTR
PR BOX-PCR $84L &3 , k2] 100% AHALK - B
A E KAl —2& BOX B AL ( RIW) A& Wbk 5 70 B
PRARIE) , Geit Bt
1.2.6 FEHAETFRE  REIEREL e
(7 NEINECE N tE QR Y S/ R LR S TR G G S AL ES
1.3 RS

Excel 2003 1 SPSS 17. 0 #4745 4347 -

2 HRESH

2.1 AERBEE®RNAZEEER R

AR, KSR R R R
1, R R B B TR S o R ARUR T T L
FACHER GAR R AR, B AR R (P& 1) 5 3%
kb BE 1, B BRI B i 22, LU AN FE o IRAR B T,
2 32.95% 225 W (P <0.05) , SR ALHL 1
Iy L Lo Y BRI RO o AN B 3 (LR 38 e T
B A H PR IR T AL B A AR T R Y IR
TR REAL I 1, o Hor, 3 A #E 1, iR T
H R, SRR T, 1, Lo 2 A A AR i 22 5
AN (EE 3 i TR R A B A AL PR T Y
WA MHEYE B S TSR, 1, L LZH
F1 ] U 1 22 5 AN K AR T T AR B {HL A v 1
EALH FER AR T Lo 1, NIRRT IR A B T,
(] [ SRS P22 5 A B (R 2) .

| XEEMRERRNRAEZSR

Fig. 1 Difference of inoculated soybean
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Table 2 Effects of different soybean rhizobium

strains on nodulation and nitrogen

LRy i id HbE T I R 1 1
b3 . .
Nodule number Dry weight Nitrogenase
Treatment .
per plant per tumor activity

Iy 122.3 d 0.0093 a 3.0360 d

I 141.3 ¢ 0. 0084 b 3.1973 ¢
I, 149.0 be 0.0074 b 3.2170 be

Iy 149. 6 be 0. 0062 d 2.9413 e
Iy 162.6 a 0. 0085 b 3.2327 be

Is 148. 6 be 0. 0076 ¢ 3.2570 b

Iy 161.3 a 0. 0063 d 3.4053 a
I, 149. 3 be 0. 0062 d 3.2127 be
Ig 155.6 ab 0.0074 ¢ 2.9907 de
Iy 154.3 ab 0. 0082 b 2.9970 de
Ly 154.3 ab 0.0070 ¢ 2.9930 de

To  ANHERIXT IR TR 5Ty ~ Ty o AN )RR BT TR AR S R AL B
Iy : The dispose without inoculated; I,-I,,:The disposes inoculated

different Bradyrhizobium japonicum strains.
2.2 AERERBEERNEFEBRENEE

T AT A AR ) 5 R TR AR AT 0 B, SRR A
ARAT 200 BRETE IR (1 2) o SO B R R
F GUTC SREIEAR I DNA, JH B B 58 11 H ok A6z
DNA fYk B (18 3) , I DLy #ilk i#k 47 BOX-PCR
P HEFRERILA 10 B BOX 2» 745 S0 &3, #%
FERNBR Y [ 1 2 B 2 BRI I A ~ Z 1w 44 (K]
4) i SN R BOX P10 LA, AR A A
MR 0 R R A BOX 45 8U&13

MM 3 B A AR ARG SRR 10% ~
90% , i 9 AR LR FEBR, F- 2 R AR 50%
Horb LARBECEIERPERR 112-1) B3RP R IR 5 2509
R S — B AR, R R i 90% 5 1,
AbFECRIEERPRRR 113-1) B9 5 RO 75% (18]
5) 5T AR PR ( RIRER TR BR 112-2) BRI RIRR 55 25
PRI E— A B D, H 5 R R AR 10% o 1
R RP AR 112-1 F1 113-1 55 - 5 AR B AH L B
B 1 5 A A5 TR RE T, TR M BRI R 1122 U5 4 4%

—

Je BE AR5

B2 #MASBEEEEK

Fig. 2 Part of separated nodular strains

e L A

- el - - -

3 0. 8%IRBEHERE B FR ik A il DNA R BE
Fig. 3 Testing the concentration of DNA by 0. 8% AGE
M1 l2|3|4l5|6|l8|9|10l

— = — - e o e

1:111-1(A);52:1112(B);3:111-3(C) ;4:112-2(D);
5.112-1(E);6:113-1(F) ;7:114-1(G) ;8:114-2(H) ;9.:115-
1(1);10:1152(Z)
B4 EFMEKBOX S FHEYUBEIEERGA
Fig. 4 Inoculated strains molecular fingerprint
mapping and naming

M1 23456789101 12131415161718 1920 M

-
el

1000 bp

—_—T swe W e .

G e

M:Marker;1 ~2,4 ~7,9 ~15,17 ,19 . M Fkk 113-1;3 .8 20 . 270 +Z Hikk.
M :Marker;1-2,4-7,9-15,17,19 respectively represented inoculated strain 113-1;3;8;20: represented inoculated in-

digenous strains.

BS5 #% 113-1 FRREHEEEREE

Fig. 5 Tumor strain map of inoculated strain 113-1
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®3 FREEMEKI GEERK BOX-PCR B LRI
Table 3 Correlation analysis of nitrogen fixation index

with material separated from different stains

AN TR T AR AL 2 FERh B R I 1 2 T SEIR GIR IR 1 RS
Treatment Profile types of riginal strain Profile types of re-isolated strain Occupancy rate/ %
L A A(7); HE(13) 35
I, B B(9); Hg(11) 45
1, c C(9);HE(1) 45
Iy D D(18); HE(2) 90
I E E(2) ; H'E(18) 10
Ig F F(15); HE(S) 75
I; G G(11); HE(9) 55
I H H(8) s e (12) 40
Iy 1 1(9); He(11) 45
Iy Z Z(11) ; e (9) 55

55 BB AR IS B P R B
The number in parentheses represent the number of type strains.
2.3 EHRGBRSEMERMEBRNXR
E A T R AR R T A 1 TR R 45 R I U RE A
PREGAHSCHE T, al LU H B RR 8 3R B AR
BB E B IEARSCE (r=0.827 ") A 3 S 45
1B 7 56 1) AR IR TR TR R ] LAAT 80 e R S AR R A 4

TR . BARRIR T S TR R R BRI K
I8 e TG PR 2 S B O (r = - 0.387,r = - 0.50,
r=-0.13) . ZiG LA BT ST 4500 AE 1 5 B AL
PR AT RRAE B2 v AR 20 T 28 Y () s T LG T R
(0 5 A DR e L [ R TG 1R (3 4) o

x4 TEXERBHES BULEEERIEEIEIRNEXES

Table 4 Effects of different strains disposal on soybean yield factor

AR AR

Nodule number per plant

E7/E S bR
Morphological characters

HbE T E

Dry weight per tumor

Nitrogenase activity

Occupancy rate/%

Nodule number per plan

0.82""

e Gt 0 1A

Nitrogenase activity

0.32 -0.38
0.26 -0.50
- -0.13

* 7" P<0.05 FI P<0.01 YB35 KF
*, "7 P<0.05 and P<0.01 significant level.

2.4 AEXRERBEEHRI=EHWHEFHIZIT

M S ATLUA ek i, BR 1A H A
AR TR TRCAR B ) A v 44 S i T KOO IR A B
Horp TR PR e g, T AR AR B 2 1) 22 7
AR R 5 i T B A B A% A B Y 2R
TR 22 7T W3, U — o TR i AR R T
A 3R ) AR AR R R R

HE AR T R4k B ) BRI B BB R
F T KR AR A L (1 T AR B Y RS
WO g H 3 Ab P2 8] 22 52 00 AN 35, (HL g 3%

T T Ty Ts Ty R AR B, 55 8 T AL B 22 ) 22
AR LT AR RO X S, 5 1 L TG
WAL PR 8] 22 S0P AN W2 (BB 2w T E AR
B Lo AbBRAN, 122 AHRE T A BR A K S2 FoRr EE ) A
i T KRR R T A R R RO
HEESTHERKLHE, 2280 B, 1,40 2
BRI (112-1) B9 R A R0 0 oK AR R ok i 4
(IR S IE SR €2 Sr AR Y IR S Tk S S
ik m] AR
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Table 5 Effects of Different soybean rhizobium strains on soybean yield components

. FZETHL ARRIERL R £ HRLE

pieL i .
Main stem Pod number Seed number 100-seed

Treatment Plant height/cm

node number per plant per plant weight/g
I, 82.52d 16 a 23 d 62 f 21.21 f
I 90.25 b 16 a 28 ab 68 d 21.85 e
I, 89.27 be 15 a 29 a 78 ab 23.33 b
I; 89.75 be 16 a 27 be 78 ab 23.34 b
In 94.53 a 16 a 29 a 79 a 23.76 a
I 82.67 d 15 a 26 ¢ 75 ¢ 23.66 ¢
Iy 94.75 a 15 a 29 a 78 ab 23.11b
I 89.53 be 15 a 28 ab 68 d 23.14 b
Ig 88.67 ¢ 16 a 26 ¢ 68 d 22.13 d
Iy 90.15 b 15 a 27 be 66 de 23.14 b
L 90.17 b 15 a 28 ab 76 be 21.31 f

3 GigSitie

RBRFE PR AR, FE AR K
iR R BB TR Sk bR T L SRR R
B, [ Py A A T AR

TEZ TR, $E PR R B n] S 5 Bl SR
Pri A= K PERE , 235 3 o RV ) BB AR R ORI AR
SRR ABEFO D, PRARR T AL TR A PR AR
AR R T KO AL B (B AR T R R T
AKX HEAR TR AR LE T AT BRI 45 R A AT A
XA B LA AT BE T AR A T R R
66, TEI BB R T K SRk i 8 B 0 . BTl
Ab B2 [ [ U 1 2 S K, X 5 LT B AR G F
FEARANIE], T RE T T AR A M e 2 R R
BRIPR -5 L PR B R R T 2

SRR T AR L, AT T, T A B AR R 250t 2 1
I, AR TR AR 112-1  113-1 #9598 5000 L H
PR o, R WA {1 1 3 v 3 S SR i
B, TACBRA P B R T R AR B . i
ST UL ASBITFE F 5 4 45 96 E 7 56 XA T Pk
FEREII A X BGR . X H HEHRHT T AR A
JIFASIR] " T A bk B E ) 2 TR

BRI PR 7R 3R BRI B S A 3 A TR O
W 5 4 23598 RE 77 55 19 MR 1 R T LA 8
REGAERR A EE R RO . X5 AT M 45 1
IR BB T S TR R R R AR R R
[ SRR P 2 S B AR O o 2585 DL U] 5 4 45
TR HE 3 ) AR TR BT B A 7 412 1 R 4 R R 1Y [
P AT S AR R ) 25 70 ek LAt g R S T 1

To b BRPR R foe i, L AR BRI 2, P A B 2 i) 25 S
AN H I 5 1 e Ak B A% 4k P A 32 2K

TR ) 22 5 I0 A 1 3, U] — o ViR R 1) AR R TR TR
A Y ) A R I iR s ok B A ST
FEHIEERAIE

L A B B R S R 8 B R R R
i TR KON B Ak P A [ I R T LB R R
AbER . PR L AR PR AR (112-1) 849 57 HAEA RO
R SRR = A TR I, 7T LS 2 10 R A R R
HETTHG T AL E , (R B ] DS in R

S 3k
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