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Abstract: [ objective ] Nitrogen-fixing bacteria are crucial for biological nitrogen fixation in paddy fields. Returning straw to
these fields increases the soil carbon-to-nitrogen ratio(C/N), potentially impacting the diversity and functionality of
nitrogen-fixing microorganisms. The rice rhizosphere, a highly active microbial zone, experiences rapid oxygen depletion from
straw decomposition, which promotes anaerobic nitrogen fixation. Conversely, the growth of rice may release oxygen, thereby
potentially inhibiting these microorganisms. Research on these intricate interactions within rice cultivation systems remains
limited. [ Methods ] 1In this study, the rhizosphere bag method was employed to explore the impact of varying straw return
levels(0%, 1%, 2%)on the abundance and community structure of nitrogen-fixing bacteria, as well as on nitrogenase activity in
the rhizosphere and bulk soil of two distinct paddy soil types(high sandy soil and yellow mud soil). [ Result ] The results indicated
that, compared to no straw return, a 2% straw return significantly increased the abundance of nifH genes in the bulk of high sandy
soil by approximately 86.2%, and in the rhizosphere of both soil types by 154% to 179%. In both types of paddy fields, the
abundance of nifH genes in the rhizosphere soil was higher than in the bulk soil, particularly under the 2% straw return condition,
with increases ranging from 68.3% to 101%. Principal Coordinates Analysis(PCoA)revealed significant changes in the
composition of nitrogen-fixing microorganisms in the bulk soil of both soil types compared to their respective rhizospheres.
Additionally, the community compositions of nitrogen-fixing bacteria in the rhizosphere were distinctly separated from those in
the bulk soil. The response of soil nitrogenase activities to straw return was inconsistent with that of nitrogen-fixing bacteria.
Under a 1% straw return, nitrogenase activity in the bulk of high sandy soil showed no significant change, but increased by nearly
33.8% with a 2% return. Conversely, nitrogenase activity in the rhizosphere of high sandy soil decreased significantly by 18.3%
to 37.2% under both straw return conditions. In contrast, in yellow mud soil, nitrogenase activity in both the rhizosphere and bulk
soil significantly increased by 8.69% to 20.4% under a 1% straw return, but decreased under a 2% return. [ Conclusion ] In
summary, the rhizosphere enhances the abundance of soil nitrogen-fixing bacteria and their enzyme activities by optimizing the
soil environment. Meanwhile, straw return primarily increases soil organic carbon and the carbon-to-nitrogen(C/N)ratio, thereby
boosting the abundance of nitrogen-fixing bacteria and altering microbial community diversity. The response of soil nitrogenase
activity to straw return varies depending on the soil type and the amount of straw returned.

Key words: Straw return; Rhizosphere; Nitrogen-fixing enzyme; Community composition of nitrogen-fixing bacteria
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FEHR IR X - 48 S AR 3 S 5 i L - [ Rk P TR
SER R RETE M K T,

BrEA S ZAN, BRAL (C/N) 2 5 [ A
AR EER R A, AR
M, RS TR A SRR AT R T
EYIER, MASFFRRA LN 60 1 1 2 100 : 197,
FHERRA L TE 10 01 2 13 1 1 2@, AT
Je i PR A Z R R B AR . PR,
R EEHAERSF R 2 8.56 t, MHHRZ N 7.22¢ 01,
filhn, HEREE R, S5y B, A H
Pic e P A T LA S 3 4R e g AR s SRS A
AR A, AR R RS T AR £
B, TR AR T AU E R AR T R
WA IR, FEFF A HH AT A 2% KRS R
AR (R i U AU E R 2R
T AR B 45 HEAR B DX A A 7K 8 - 398 A5 W [ /U B 22 X
3, HOGFAS ] 5 A A4 HH A g i, KR AT 75 R AIESE o

PR, AHFFE 3 TR ARG Ak, A Semh2¢
S5t PCROFI e 388 St I P 52 AR 43 S [) A 3
ST KRR bR SRR bR X 39 8 R A F 1
IR, ZREPE DL B RS MR AR A, BTER R K
e R o [ R0 fol A 20 o R 9% A o R A 38 B 174 iy L
B, T A HAE S R G G AR FR R I S A
[E R0 T P S Ak i

1 BPRHS

1.1 st

Bt - B R B VLR 28N T AN L5 48 B ST
MR IR 2 fe 58, JFLrh VR Ze Mk s TR
NHED L (GS), BAE TRILHBUZ I
BV 1 VLR RS 8 T I8 7 iy B +
(HN), 2&H T LR A KRS 1. lRER)Z
+3E (0~20cm), EHXTT 2 mm i 5 56 A 5k
WA St Bl AR AT 5T 500k -
pH 6.79, 7.03, AHLEK (TOC) 10.7, 22.9 gkg ',
2% (TN) 1.15, 1.83 gkg', BRAL 9.3, 12.5,
WA ( AN )36.7. 168 mg-kg ', ARk (AP )27.4.
422 mg'kg', BWHHN (AK) 260, 291 mgkg ', fit
IRAEFF AL RO B2 B He b i8N R A,
A GEDN N 475 gkg' 1 49 gkg!', WAL

96.9,,
1.2 RKIEEit

R E 3 MAFERFEHEAE: O FEFFA
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Tl FF A4S FH A BT 4 458 DX ol e AR PR A8 3 43 M AR Bk [X.
(R) HAEMPFRIX (B ), 4B FRS50 BSO. RSO,
BS1. RS1, BS2, RS2, A/ Aab# 3 48 E .,

BHARBRAE R R AT . FREUP D IS AR T 1 1
6.0 kg, 4% LA LA FR N AR FS FHR A 345 . Horp
1.5 kg 2 ARMFLER KN 30 pm MRS (EHAZ
7.5cm, 523 em) N, HRFAEE T PVCH (N
#15cem. 23 cm) N, [FIEMRPRAESMEEA 4.50 kg
IR L BB R AR 1 AL KR
(FEME 46 ) B EMPRAS T, 48 1 tho Frfaabs
Jita Jon 4 i AUIE (PR 25, N 250 mgkg ') AT ( P,Os
60 mg-kg ') FIHIAE (K,0 100 mgkg '), AL FIAR
JEAE N FERE — W PERE A, BAEHE 4: 3: 3 BYEBILL
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53-80 °C Ay, M TRHRAMAEYEE . #ik
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JOE R  E
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7 PCR Y ( ABI 7500, American) , X} nifH %A
FBGEATYHG, AR T A EE S 1Y)
N nifH-F ( 5~AAAGGYGG WATCGGYAARTCCA
CCAC-3") Ml nifH-R ( 5-TTGTTS GCSGCRTACATS
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GCCATCAT-3'), PCR K&K : 2x Taq Master
Mix 12.5 uL, . FiiE514 (10 mol-L™") 4% 1.0 uL,
DNA #&#z 1.0 pL, ddH,0 #hZ 25 L. PCR [ 5%
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EMRPRFIARPRIX 5 pH, DA K s Y6 AR B X 1 3
pH, {HWEREAR 78 1 IEMRBRIX 14 pH. BF5Y
WRM, SAEMPRXAHLL, @b LMRERX 15 pH

YA R, {HRS AR F S B Ao IS 3,
MY L ARPRIX pH SR TAERPRX, {2 S2 Ab# T
WhrSAEHRPRX 2253 A B E

R 1 FBFCHEXAAHERFEERER S IERIR X DIRE LR

Table 1 Effect of different amounts of straw returning on physical and chemical properties of rhizosphere and bulk of two types of paddy soils
SE LR 25 WA AR R
e b3 A
pH TOC TN AN AP AK
Soil type  Treatment C/N
/(gkg™) / (gkg') /(mgkg') /(mgkg') /(mgkg")
BSO 6.96+0.05¢f 8.85+0.56¢ 0.98+0.02g 9.06+0.69f  88.6+9.8¢g 27.943.5abc 70.0+2.6¢
BS1 7.10£0.07bcd  9.93+0.11f 1.01+0.03g 9.86+0.17de 107.6+5.3defg  31.3+2.6a 114.5+11.5¢
e BS2 7.11£0.06bcd  10.47+0.05ef 1.14+0.01f 9.21£0.10ef 114.1£5.0def  29.5+0.7abc  146.0+21.7¢c
(GS) RSO 7.09£0.05cd  8.43+0.32¢g 1.04+0.02¢ 8.11+0.15g  103.9+10.6efg  28.4+1.labc  47.3+20.6h
RS1 7.18+0.07bc  10.00+0.18f 1.05+0.01g 9.52+0.14ef  98.8+2.8fg 30.1+4.4ab 79.0+16.0fg
RS2 7.2240.08b 11.08+0.12¢ 1.23+0.01e 9.00+0.18f 95.5+27.4fg 27.1£2.4abcd  140.3+12.1cd
BSO 7.35+0.13a  21.14+0.38c 1.86+0.01d 11.37+0.26a  125.6+7.7bcd ~ 23.0£0.9def  139.3+13.7cd
BS1 7.05+0.06de  22.34+0.91b 2.02+0.12b 11.12+0.94ab 139.1+1.4bc 25.4+3.8cde  172.7£9.0b
ikt BS2 6.94+0.05ef  23.12+0.11a 2.20+0.04a 10.49+0.17bcd 143.7+1.6a 26.5+1.5bcd  228.343.2a
(HN) RSO 6.76+0.08g 20.27+0.31d 1.94+0.03c¢ 10.45+0.18bcd 123.348.2¢cd 19.5¢1.2f 92.0£3.5f
RS1 6.78+0.04¢g 21.40+0.55¢ 2.07+0.02b 10.34+£0.35cd 121.0+10.5cde  21.4+1.8ef 122.0+8.9de
RS2 6.84+0.04fg  23.41+0.54a 2.16+£0.01a 10.83+3.48abc 142.6£3.5a 26.0+1.7bcd  186.7+2.1b

. GS: %—@i, HN: #ig+; B: JERFRIX; R: RFRIX; SO0: FEFFAKRH; S1: 1%FREFFEH; S2: 2%FEFFAH ., £hE
P R BME = brdE2 (n=3), FFIAFR/NG FRACER AR Z 6] 2% 5+ 3% (P<0.05). A, Note: GS: high sandy soil; HN: yellow
mud soil; B: bulk; R: rhizosphere; SO: no-straw returning; S1: 1% straw returning; S2: 2% straw returning. The data in the table

are presented as mean + standard deviation ( n=3 ), different lowercase letters in the same column indicate significant differences at 0.05 level

between treatments. The same below.

22 TEHRBRSERRR TEERMEDEE
PR RN R RE AR PR AR AR B X 38 B S Tk
nifH 3= FE R AR B A UL 1a. Hi& 1a AT
W, SEEFFAE AR, ST AbFRI: R 52 Bl s i
HH AR PR IX SAEMRPR X nifH £, BEEFEFF R
FH 52 380, S2 Ab 3N A S P L AERBRIX. nifH B H
FEREFWINT Y 86.2%, 1P FIZEH + HEARERIX
nifH SR FEEHBEWEINT 154%~179% (P <
0.05); fFFRih &I, SAEMRPRX LML, 3 FiR
[ A FEAA T T b 2 AU AR AR PR X mifH JE D9 =
WA IS, 1M S2 AT, mfd e R ARBRIX
nifH FER F R ERNT 68.3%~101%( P <0.05 ),
LB 45 R, SARMER HIEAE L, PIRhE
et FH AR PR X T8 BURUAE W = FE Y A bt v, BEE RS T
W TR AN, 2985 FF 348 H AT 2 45 e AR P X [

A AR
2.3 TEHRMFRSIERRFRX TEERMEY ZHME
Fili A 34 FE G 7 b 2 B A FHAR B 5 AR AR PR IX. 4 4
A Y a2 FEPER 2 ULIE 16, & 1c. HHIEA]
A, TieFiHFEH 58, PR AR HAR PR AEHER
B X 4 e A Yo 2P (Chao Fl Shanno &
) W EETA, SIEREX LML, S
+HRBR X [F B A9 Chao 1 8407 SO F1 S2 AbFE R
B FEK, Shannon F8%EUNIH-TC W2 M4k ; Wik
Ve - ARBR X S E A A a2 M S AERPRIX Z
A WAL, DRSS RRM, FEF i
IR i 2 A8 PR A 2 A A AR B 5 R AR B DX AT
Ao M, R BT SR T 5 AR BR -5 AR AR B X[ &
Yo ZFEEIFE B EEER, Ui AR BRIX
Chao 1 #5800 Z K TAEMPRIX
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2 1x1071 — Chao index Shannon index
aw a
5 35004 2 a . a @ ,ab
— 1x10° . ‘I‘ a e Siemgy
= ] b a a ab 8-@ abc
= Bgx10] T 300091 % ab a L) = B be
® < b obe j ! be i be ¢
=38 | bad —— | 25001 be ! 6
g 5x10 bed ns =]
= bed c
_'G-E i cde ns cde 2000
g 2 3x10% e de o
o i 4
e, 1500
°0 QN OOND O DN QN OO N NN N D QNN OON DN N O
I OUTCCE IO FFPFTCELTPFITEE FIPECLIFTELE
- GS HN GS HN GS HN

E: *FRR P<0.05 KFEREE, KR P<0.01 KFEEFEE, #*RKR P<0.001 KFERBH, ns FKX P>0.05. T,

Note: * indicates a significant difference at P < 0.05, ** indicates a significant difference at P < 0.01, and *** indicates a significant

difference at P < 0.001, ns indicates P> 0.05 . The same below.

&l 1
Fig. 1

AT i B P b 28 B0 e P AR PR S AR AR PR X 3% nifH 2 (a), o ZRME (b ) HYSZNA

Effects of straw returning on the abundance of nifH (a) and o diversity (b, ¢) of nitrogen-fixing bacterias in soil in the rhizosphere and

bulk of two types of paddy fields

2.4 FEHERBRSIERRX TEEE R REY B ZHRK

T FF 34 254 PR AN S 200 T = 1 1 1 R A
PIRETE A RILIE 2. fhil&l 2 AT, PIRPZR AR H +
S8 [ EUCE AR T 1K b 22 S5 Ry SR RE TR ]
( Firmicutes ), £ ] ( Actinobacteria ), 8 &
['] ( Proteobacteria ). £ 5[] ( Chloroflexi ). AT
1] (Bacteroidetes ). M2FFH# (] ( Acidobacteria ),
HAAXTE AR 5N 8.12%~36.4% . 6.73%~33.4%,
11.8%~23.9% . 9.21%~24.0% . 2.27%~5.36% .
1.25%~7.36%, & nifH FEH5HBER 85.3%. H5F5
FEAEH A, FEFFL H L & T P AR AR H AR
Pr5AEMRBRIX. Firmicutes A% B 16.8%~96.9%.
(K 2a).

TEJE AT b, PRP2E ALY B 38 [ AU
g e R R E ( Bradyrhizobium ). Jii a5k
J& ( Desulfovibrio ). RN EE ( Anaeromyxobacter ).
WATHJE ( Geobacter ). FEINE & ( Azoarcus ).
WA E 8 ( Methylobacter ) . ™ 4 1R 98 #i )&
( Sinorhizobium ) FIH FLBRE J& ( Methylococcus ),
HAARTE BN 11.2%~47.6%. 2.83%~19.7%.
0.67%~21.5%. 2.65%~16.0% . 1.38%~12.6% .
0.17%~14.4%. 0.14%~19.2%. 0.33%~10.9% ( &
2b ). SFEFEAE ARG, F5FFE H RS T PR
FEHARPRSIERPRIX. Bradyrhizobium F1 Desulfovibrio

A FEE (D AR PR X RSN ). tesh, S2 AbFE R
FZRE T W EARPRIX Sinorhizobium X F B,
SR, Anaeromyxobacter, Azoarcus I Geobacter
AFDE = 32 i 5 6 34 P B 1 384 in 5 300 e I )
(Kl 2b).

Ry WS AN [v] 2 55 A3 FH T AR s 2580 1 Xof 8 o 266
et FH AR B s, R AT P L A A A ] 22
o3t I 2¢. Bl 2d). mitb& 8, HAEMPRIX 3
AL, 3 MRS AR A T R 2 RS B AR B X
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SO Al S2 Ab BT 435 3 IR T 69.9%A1 82.2%. 1t
b, BV EMRIRIX. Methylococcus FAXT=E FEFE S1 4k
RN Desulfovibrio A% 4 BEFE SO AL T BAEMR PR X
AR RN T 662%F11 29.4% (K 2),

by it — 2 D RS AT BT 7K e 03 [ AU )
RETE o AR AR, XA [ S G AT 38 A5 R R AR PR AR
R DX A 398 [F A WU RE I8 2 AT T AR AR A
(K 3), ZRExR, TIeHTEHS®, MR8
et FH AR PR 5 FE AR s 22 1] - 398 [ ZUR A W e v B )
BRTH. R, TR 2IEREr L3, FEFT
i TS REAT AN 4 T 2R T e b 8T U A W e v 24
AFTEA; X TEJEL, i H5FF AT %
(N e TR ek 7R e B R T U - S (EP
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) GS PERMANOVA R*=0.36 P=0.083 b) HN PERMANOVA R*=0.55 P=0.001
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Fig. 3 principal coordinate analysis ( PCoA ) analysis of nitrogen-fixing bacterias ( a, b ) in soil in the rhizosphere and bulk of two types of paddy
fields
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TAEMRPRIX, MRS A H 2 s T e R AR PR IX
[ B A IR TS 2, PR 3 U8 = D RARBRIX
[E6] UL A W A 2H

N SRR SE 38T (CCA ) E— 5T+
i R AE PR TS A 1 K B N 1, 45 S LA 4a
Kl 4b, HEIFTLIA S, +3 pH Fl TN J2 W &5
AN RIFEFF I8 B 25T e b - [ R D i v i # 1)
ERET, H—HAE RSN 63.8%
M 36.2%; 1l TOC. TN, AK & i & WA [FF5FF
i AR U b [ AU A W R T S 1
T B RN S T A A R R RO 53.4% Al
30.2%. H TSRS FEOLHEAOCHET (K 4c)
K B, Desulfovibrio .
Methylobacter 5 TOC, TN, AN, AK, C/N %
IEAHX (P <0.05), 5 pH Fl AP 3 il
( Desulfovibrio B4 ); Sinorhizobium 5 TOC, TN,
AN, AK. C/N BZEGAMK (P < 0.05), 5 AP I
FIEM R ; Geobacter 5 TOC., TN £ R FHMAHRE,
5 AP BFIEMK (P<0.05),
25 TEHARRSIERERR LIEEREENE

Tt P 3 FE 0T R e 28 2R e AR B 55 IR AR B - 1 [
AEFEYER R WK 4d. HEl 4d AT, H5REFA
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o DX ] US4 . S2 A3 2R v T D 1 AEAR
B DX [ UG P, H LRIk 33.4%, TR RS FT I8

Anaeromyxobacter

FH AR G T g 20 AR B DX [ 20l 3 1 S 5 IR T 24
18.3%~37.2% (P <0.05 ). 5mbt AR, S14b
PR e AR AR B RTAR B X[ R 1 R e T
8.69%~20.4% ( P<0.05), 1Ml S2 /b3 T ¥ - IEMR
o DX AR o DX 1 260 0% 1 34 TR
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RN EZE (P> 0.05), DL ERFFEEM, 53k
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RG24 TR .
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I e 0 AU T R N, 1 48 pH
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3 1 ®
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T e A B R 0 o B LR e U AR
K, TCe TR H 57, WA SRR HARPR X nifH
L PR 0 R T PR YA R AR 1A 1
Kl 4d ). ARBREES™ A X Fh A5 AT B 245 LA R W 5
BRI . —J7 T, AHPIAR R AN kb 5300 2 25 A
Y, EAEA PR . MRS . AEER . AR . AERK R
MR . BR2e . MR AINEE . MEe%, ik
PR IR S — v, AR R A SRS
FET R T, el R 5 TR B A B i g B BT RN Ak 2 PR
B, FE T AL, DT A P i R R A
Bl T4, (AR IR PR LA AR = AR g R 22
PR, MR BR800 38 o) s I AT N - R o O i,
P 1 AU ) R R Y Sy, BT A A
YA

AT ARERASON , AR PR 4 8 [5] ZUAE  HE v 2H B
5 3 R [ T ARAR PR X 35T MRPR X 7R &R
TR T T NAEAR PR A 338 v 3 S5 4 1 [ AL L
AEFER PR E S, TR EUR PR I B A 2
BEEAT FTRFARDY, Ui, AT & B M AP AR PR
X Chao 1 680 W &ML THEMRBR X, [E), #F5Eid%&
B2/ Bradyrhizobium Desulfovibrio
Anaeromyxobacter . Geobacter. Azoarcus JAgH 1
SR U Y LR, AR BRSO W SR T
PR AR [ R A RV L (T 1d L ] Te ),
Hrp PR 2 RUFG AR PR X + 3 Bradyrhizobium Fil
Azoarcus W ARXS = BE AL AR AR PR X2 A BT84 i i o
Bradyrhizobium )& Fo-LIE WA, O MEEH]&
IKAEAR 28 P TG BR A [ ZLAN R, n] UG R KA Y AR K
R R 9T R W Azoarcus W HR BHT2 BES K
AE S T K RS AR AR AT R AP, A,
Anaeromyxobacter J& Fe (1 ) bR EESY
H, A TR L, S EAENGTE pH 7.0 B3R
B0 ARHFSE R, MEME M BN Anaeromyxobacter
X RS pH WBEF AN, RUIARBRN 5] E R
3% pH ARk AT BEJE PR Anaeromyxobacter =11
FERNRZ—. Hitk, SIEMRPRXAALL, &R
PR IX Anaeromyxobacter AHX} 3 FEAEFEFF A 14 M Al
2% FF 6 1T 5 3 R AR AT e i T e b AR PR
pH IR T Anaeromyxobacter W HEAF .
3.2 TEFEEXEATEERRBEYR R

ARl A B Tl 2 5 i) - 9 v i U ) B
BRI Z R B A T, AR,

FEFF I FH T DA Ry 4 8 [ U 2 S AR
FEH, 2% 1A H AT 4 5 KA AR PR FAEAR PRIX. nifH
FHERE (B 1a). XARPAER TR FF i H 3 m
T EHEA P S, O R A AR S
MORRIR , BEmHE e T I E AR R R R
FRRE RS 8 P SRR, TR LB AR E A5
MR 0 S B flad R, i i 1 R0 R) 2 AP0 9k
HTFEY SHMAY AR WS, SIERRX AL,
WX XA RTR R Em. HiL, AFREEH 2%
T AT F T P Fh 2 A AR PR X mifH 5 PR 3 B A
R DX 8 o B Oy 8

BRI RN ARG H + nifH B = B X #S i H
SR SR AL QL VAN (EP Y =Y T W e i Y A WA w8
WA RS RRR IR AR, B, 75 £ E A
AR A, TR R R R AR ) R, BRI A
A ERTE, MEANTFRAmE+, Hit,
b nifH SR AR S TR L, AR
FFf B E R T R0 HARRPRIX nifH SR
B 85 J8 HARMRBRIX nifH KPR w2500 0 A B 25

VR 218 TR R I - 8 e ] R G2 A v A R A
FFIA FH A o 7 A7 AE 22 50 o AR R, FEFFiE
FH I A AR e AR B A AR AR PR X 4 48 v Ui A
RETE a2 FEE W IF R b8 e b - AR PR R AR AR R IX [
RACE Y BEE AL, (08 E W TR AR PR AR
FR B X AU A R R LA . X W] REJE T AR TR 26
R A e A W el R R 09 3553 & i A R, o
IR A AR A ) CapiRiE & ik
PIREE M EZR T, X TR E, R EE T
FIHAEA R TR, o8 I ERMEY A K
PEALHRUE AR, H RS AR I8 H I 2 ol T e+
R CE I REE AL . SR, BT £ HA R
] BRI FREFF I e, F 1 R At A s e
P R €A s 7/ (1A R Y s W 1 s N S D o
Jiti JFF 5 A S 3 5 ) e A A R R RV AL

KAEAFST 7R 3 R R s 3 R E )
FEERESMEEREP, RFREH, +
$6 pH R TN J2 52 00 s A8 B 45 0F R i+ W AU
YIREVE o3 AR BB 7+, TOC . TN F1 AK N J2 5
B - B A YRR A EEH T (K 42, K
4b), Hh, pH B &gHEIE IR 1 E A MY
HEIE ZREMER R E R 727, TOC, TN Al AK 4535
OERN R IEHE Y K BRI IRy, K
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JER I S R SR Y EE N PO Ak,
TR EA RSN C/N WA, FEFFE R
fifg v 42 i BIFP S ARSI+ TOC, #EMmi51E 3% C/N
fEm, SR TRMARLEEZ, Tk 5EY
A, S I A E IR R oA o AR 15
C/N S5EEMAEDIUN Desulfovibrio . Anaeromyxobacter .
Methylobacter . Sinorhizobium . Geobacter i35 fH%
i — 2P R W] -5 C/N S FEF I8 H 5 4 58 [ AU A
IS e SN
3.3 FEFEAXTEELIEEREEEN I
AR, FiF i A i o AR
Wy BERVRE VR ARG, TR M U, 2
Pk EACT AR R B, 1%F A H B
T B AR AR B AR BR X+ 58 1 B T
(& 3d ). 3XAR AT AR o TRFF 3G 1 R Bl
W&t , AR AR B AR P U E Y AR K AR
BRI, B AMEYEE (K la), ¥
AR HE 1 [ AU ) 400, B 1 A S [ AU I 1
SR, 18 (3] 220 1 335 P o) A6 A 3 T 1% i iz -5 [
RMAEYFEIFARZE 2., CAMRER, T
[ I 2 A A 5 4 8 R R T e AR SE Y
R FE P nifH 3537 — 8 AR SEBR G B 7
I S B2 B A% T . — e AR, W
Desulfovibrio . Methylobacter 325 H #= R4 , N5
nifH F RAEAE [FIRE 50 A nifH JER, H— i
RZEE R, Hoh, R ( Sinorhizobium )
HATS G RME YA B A B g or = 2 AE D A
TRF&R, MiEAE SRME Y A S AR S AR 1,
IS & =47 Q2 ER 7/ D == I ot v & R (A Bl - a7/ P N
FEH 2%FE AR e 1O E SR T AR AR AR PR IX
Desulfovibrio FiE kb +RFRIX. Sinorhizobium Xt
B, M Desulfovibrio /N EA7 [E & e 17, Sinorhizobium
N A R N R PR TV e 5% PR = ] o= o 4
ARV E R, AE IR AR g LA RN 1
WETEIE I, R4S 2% FFid H 354w T K
FEARBRFNAEAR R X nifH HE PR B, 1 HG [ S Bl s
B S 2 AR . © A B s b M R e 4 1
[ UG P R B AR SRt A B, pH A
AK S5 B8 A [ AU PR 0 2ok T, 2%
i A1 34 A 35 4 v T B U8 2 AR AR PR RIAR B X 4 458
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FEAEAUY, K JuE i m nlAE S 2 0 ) AR

WP, SEREIIAFE, 3 CO/N RS B A
AR EESEE . TR, GRS
2 1%30 02 2%34 10 S5 REAR T MR BR X A 198 [
W (F4d), XEATEEREH TRO T AERK,
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SEi T N R (1 e e A o /N 3 [ e = AT )
P M
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M pH FIFR IR I RS T R S
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SR> &, R T ABCEY | R TR
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TR AR R AT R 4 e
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