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3.State Key Laboratory of Microbial Resources, Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China)
Abstract: [ Objective ] To address issues such as the decline in fertility and sharp reduction in biodiversity observed
in the black soil of Northeast China, this study summarizes and analyzes the research progress on key nitrogen-
fixing functional microorganisms in this region, thereby providing a scientific basis for the sustainable conservation
and utilization of black soil. [Methods] The nitrogen-fixing processes of microorganisms and the characteristics of
nitrogen-fixing microbial communities in black soil are reviewed. Nitrogen-fixing microorganisms achieve nitrogen
fixation through the catalytic action of nitrogenase, and the conserved nitrogen-fixing functional gene nifH has
been widely used as a marker to identify nitrogen-fixing microorganisms in black soil. [ Results] The nitrogen-

fixing microorganisms currently identified in black soil mainly include Bradyrhizobium, Microbacterium,
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Streptomyces, Micromonospora, and Desulfovibrio. The nitrogen-fixing function of microorganisms is influenced
by factors such as fertilization, tillage systems, and soil nutrient conditions. Long-term application of chemical
fertilizers alone reduces the diversity of nitrogen-fixing bacteria, while conservation tillage enhances soil structure,
fostering colonization and activity of these bacteria. Temperature significantly affects nitrogen fixation efficiency,
with extreme drought or low temperatures leading to a sharp decline in nitrogenase activity. Soil pH and organic
matter content are closely correlated with the composition and activity of nitrogen-fixing microbial communities.
Furthermore, these microorganisms not only contribute to increasing crop yields but also participate in greenhouse
gas emissions, playing an important role in maintaining the nitrogen cycle balance within ecosystems.
[ Conclusion] By systematically reviewing the community structure, functional characteristics, and ecological
driving mechanisms of nitrogen-fixing microorganisms in farmland soil of the black soil region in Northeast China,
this study can provide a theoretical basis for the sustainable conservation of black soil and the efficient utilization of
agricultural resources.

Keywords: nitrogen-fixing microorganisms; nif gene cluster; nitrogenase; black soil conservation; environmental

contribution

Received: 2025-04-26 Revised: 2025-06-01

AR+ RERESRM LB, 2o ek
MR FRIEEH )T EENAIR S A E &
SROM ook B B 4 5 350 28 - 4 0 TR DA O B W 4 1
60 cm il /b 2| 30 em Ao A7, A SE Al DXCEE 3 B B
WG RN K R R TR R R R
im0 H 25 28 1, £ HLTT & R JF BRI R R
30%6~50% , L ER G I KA i B AR Ak 1 B0 FRAE
2o FURE IR AN ET A EAK 5 R B KU
Wik — 8 T H M ES R RR ST
Aedra iR . APk, ER MLk & TRILE + 4
TR 57 R 40 22 (2017—2030 4F) Y b A AR 3 A0 [ BB
TR ) S A R R e g BT
FIK g

AL K G A T RO X, H R BB oK
PR AN 40%~50%, i AT E K E Z
27, RGN ERMEY , HAERKS HIEE A
W BRAFEE LY FERES SR, REE M
WA KT oT R G IR RO e e g B R
TR . IR ARER N E LIEAES R
Gy A R RSt . RE R AN N
8% AN Y HEAMHNE FEAFAZ . B
RHE Y [ EE AN R A A AR A A
TER L BIREEMAEY NS 5, ek B 60% i [E
ERKAAYEAY . RE S A IS AR
KR R R A B & T R MR el i K
g1k AR T RGN W e B A 2% o e R 3
(i R A (0 A A RS R R A ek i
B I E S 4 oy 117 W VI N I AW O R A

Accepted: 2025-06-18

Online(www .cnki.net); 2025-08-04

Yy 18 0 FT A Rk 2 1 2 I8 A it 1R B A 0 g
% I TP I UG AR A T BB RO BT A
AL IELIRAMEA P RIEFRENMET ., AR T
A AEY RS RKHEB L PMAEYS S B AT
T G A 0 7% o I 2 R HE R DTk R B 4
520 S AR W R BRI R DU O AR W R
M el A 7 R B A R R AL P SR
1 REYERTRE

M AR A R AR A KRR
B AT AILBR R o3 ik (Bl A W 5 1R o i B % FF 3 1D
T2z BG4 420 . 78 AR AR R G ARG IF
U SN o U VAT R AN - W (AN (R (AN R AN~ = R 1
I 26 AR A R AR IR i R am
WRRIE S EEMEG PR ARERR AW .+
HERUK AR sh B 0638 , e 5B B RGN A R Vi
e (B D o [ A O AE R 2R EE A AR
(3R 20 3, 2 I B i A ROk IR R, 494 T
FEK H 2R AR A = 100 Tg'

KA MRS — A B K5 PSR, AR
PEAE Y BB A A 1 R e R W e Ak, T
K lr B B A &R AW, EY A KR
AEEFR . Ao F NP FE R AEY &,
T — 25 T b Ay i RIS Tk A i T R
oA W T LK A WL 3 O e A E R R AT
25 i Ak B K B R AU AR B R # (NH, " —>NO, —~
NO, O, 7E i 0 5% 1 7 3l o =g 1k 38 IRk A&
(NO, —>NO, =NO—>N,0—>N,)i& i #| k< 58 1§,
AAGH . [ A B A PR R O N, +H8H T +8e +

http. // stbexb.alljournal.com.cn



5 6 3]

K AT R AL B R DA T R 38 EUOAE W AR AT 5 0 15

16MgATP—>2NH,+H,+ 16MgADP+16Pi *1*/,

PR T R W o T UV R A e T R A AL [
RS — PP e [ el AR P A0 A g AT PR R ST
SAbR IO A, A 4 Bk T R |k Ak [ AU
Bk [ R R A R T R AR P I Ak Y [ R A
FI S o B Ak R R A ST AR R I R A
RZ— o FHAKRE EURAR R 322 PR o 4L, nifH G
Tt () 4R B 11 LR [T 038 SR D R /DK 4 % 1) 5 4k 2R
FICOURR B 2R . B ABHA R T i MoFe & 1Al 5

KSHE

HILIEA
EWE Rk

I TR P CBIY NG 255 A2 1 24> 43 F 19 NH,, 7E A8
IWN-NERZMTELEE, BT AR, &5 2
A NH, 48 F MG b B il >k o Fe 81 5 ATP Al
Mg AHE AR, I 76 U UK B 26 a3 I 25 28 v 3k
TS BRI R T A 3R A
Wy 1 D R T T R o AN T A I R ] (Y R T
PEAFAE 3 25 5%, 200 0.04~9.72 nmol/g"™ . il 4,
M A T 38 [ U 0 M (1.48 nmol/g) i T 4T 4
(1.33 nmol/g).

o

1 %iﬁﬂﬁﬂ(ﬁ:%ﬁ[s.u,w]

Fig.1 Schematic diagram of nitrogen cycle in black soil'

2 BERBEYEERS FERK

Az 0 T R e A e e R P T SRR A AR
FH 8 A A 2 M i AR E Y 3 25 AU OND B A ol
A (NH) 8 H A & Z b & W it #E . el 72 2 A 4R
FEEA B AZ 0T AT A K AR R G4
BEEIEAT R AR BRI ERAR AR AW
FEgRZ Y, 540 E AWM E YR E
[ 0P L A T T R A T R A5 el
ANTE] J5 25 18 A s ST AR TR R T A R R
AWyl R B s A

7 f5 0 T R (Pasteurella) & AT 85 WOk 9
S bk A A AR S AT B 2 AE 1 5 AR
BRI BRORAR N A5 & BT 2R AR A A
RS ) S T AR, T E R AP i AL A Bl
FH L 3SR ER AR 2% T A T BB T B R AR, [
169 [ UPRT A 0 [ R0 R R e FCFF 7 457 L kA
[F] L 4 T AR ) 5 R ) T e TR R R R A G B Ok
P 1) [ 6000 ok R o A R B B AR e DR fE
A 0 D) Ay A R A RO A0 R AN T 22 e TR
FRRIVAR R B8 250 IR T 2 B AN 5 AL O TR - 4

8,13,19]
F, F2 2o A LR A AR B T B 2H BUIR] B R )
AR AR W 0 B A R AR A i R AT A, LT
IR 28 53 I8 0 A A BB, ] SR R L R T TR
T 2 fl 200 0 A 45

T [ B W) 00 0 3845 5 T, ma 5 DA 7 2 A T
(A R0 3545 BR At , JL-F BT A 1 [ RUTOAE W) AT e 8 3R A
nifH . nifD  nifK . nifE  nifN Fl nifB 5 K Fi i 1 [ &
E* . nifE FnifN 2 5 4% 80 5l R 0 4 < 50 T
nifB 2 5 Y AR5 R 19 A W0 O R el [ R
nif A SR I TR I R ] R PR T S PR ) R
U AR T nif RGN A& BRI T RO IAE IS 31,
ot [ 28035 PR 3 it 236 O 81 I8 5 mdfS ondfU Fl mif V
B2 58 E 1 0 A Y& OS5 B A R A
ST HBE PR I R W B Ok AR ST I B R
| G Bt 114 [T 28030 it D 0 280l L A A0 e ) [ R
P 0 A DUECE 58 53 Al LSz et 1 ZR0000AE 0 ) 2
it S E AR A R A T R e R
TR SR A AR R Y R B © & i h )
1500 24741, 90 C BEAE oy 81 A B W 08 53 1 hn iR )
177 v FH 3] 2 o U 1 o0 A N R R g v

http. // stbexb.alljournal.com.cn



16

PSRV R 3

%039 %

ARICBEXH IR I m ARG EFES N
[ AR P B T OB AR A R I R
T H AL A B R % X
b v [ B JE A ndHRY B TT 3K 5.34X10° ~
15.64X10° copies/g. i it 2 4 ¥ H R 5 1% G2 55 5%
ks s .20 s el U RET
(Proteobacteria) i £ F W E 24 B R AEW R, &
16 18 A= MR W B (Bradyrhizobium) &5 M H JE
(Pseudomonas) AA 5 [ J& (Burkholderia) | [ % 12
BB (Azospirillum) S o0 J R 3 SE TR 254
50 AR BV B A R A DL SR
T I S 25 0 I DG B M BT 40 4 R R
s B A BT A B H ROKRIERE ) 2%, S 3R
VI 01 BE I TE MU RE i B I A5 o [ AU A T
38 o R R AR I AR S T ML O N X S AN R R B
FOr e A T R e A L A AR TR R B B IS N e ) Y

RPN H WY B AN, 5 SRR R E R
SPmARN B A AE Y 2 R R YA RS
2 Ml T SR A B T R S e VR Z AR R R e
FEA TR Lz E . BRI b A Y
AR T 1] R OGS TR R T TR B 45 B M A &5 B B B
1D U kA A B A

B xof R A DX i Y Ay 1 AR B [ 0D W iF 5 3R
B, SN ARIL R R GRS TRk E
HREBRFE i, e 70 Bk Bk % 58 h 8 T Bradyrhizobium
JE R IR TR o R KR B - 38 1 f0 4 i R T T Ry 5
F% ¥ & (Stenotrophomonas)™ . B bk B 1)
[f] 280 B A, SR b P AT A AR DR B R A T Y [ R BLAE
WP BN RERETRRIWE 2, EY £
T A5 AF R B B (Pseudomonadota) . 4% &
(Actinomycetota) | ¥ M W& 1) (Cyanobacteriota) X~
W & 1 (Euryarchaeota) %% .

5 B E A
& = 5 = = %,
&8 5 E g = o “@
Ny % ] i = z
a ) e & £l
R % = z £ & £
& £ 2 % : s & F 5
< . %‘é» %—. B = & 3 s “;:? >
e % 5 z F F Oy
%, ., R %g, £ 58 & 0’5’
% % T, g &
w8, %% L7895
4 B B & = g‘-’ < & o o
i, . FE% g § § & & e
L] < ¥ ™ £ N :f v ) o
i, % b nz S85FFF s & o %
S, e %55 AP I S &
= o*”// Q‘i-q LR T P f i L cC ¢ 3
T SN I WYY 2
gy " ©op,, "y VR P E W e 9_99 oyss1) 2
Mﬂ""%u 113 : 3;,0 : s l-"{\\'\b\ 8 v;e;"w‘ o%S‘“ %
iy, Hay T~/ T Dy jun s Z
"""’f%fssn_,} --H'”{;’ " ;\\A\.\ X Micﬂ’b“‘ RS 1437 ‘Cﬂqwss.l) =
. o 2 b N | sp
Mictomonospora sp. SB1-ds (CAZIs&2.1) — |— _1 —AgAHEE:
2 a1y — ™ \ e i Bradyriizobium rifense (ACY38123.1)
%L) Frankia sp. IPN Cel6 (AU L B B Y it
51&53-“ X e e L 5 2ty gy
= 11 (ABR - ! R Bacyy (ACY3g114,,
) 5p A x\m‘ ““z\ ““"%nc\:\
3 ptierobace” S Fay 15,
% gP_\ibl‘L ‘p‘,‘@‘?‘ s . 7 g e 4 LTI
< At é\&“‘ cﬁ‘&p‘:?ﬁ vy ) a'_l, jl' P ,,;*»; %% 5.y
s i SE AL ¥ ;
& & i B % 25,
it @p’ 5T - %, ﬁﬁ% ; iy, 2
ol o éﬁ FSFfsset Lz 2
pet R EEE R B K A
A F L AN
o & s lipme % % Q% ?
) o &
¥ F £ iz 18 %% % Q"%) &
s 2 B2 2 20 & ¥ &
2 W /J 6\-\.
kff\ fg ; § § 3 @% r% .
— un
§ 4 G >,
& E B 2,
=
f § 0 -
¢ :
&
%9 TS
2y, H Qo
p, k] s
o\
{'Q';I = 'y

B2 BIXREEBEVRELEN

Fig.2 Phylogenetic tree of nitrogen—fixing microorganisms in black soil region
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