http://hljnykx. haasep. cn
DOI:10. 11942/j. issn1002-2767. 2025. 05. 0001

52 K R A F 2025(5):1-7

eilongjiang Agricultural Sciences

VTR W, T U RS 45 BT I PORI0 T KRS FF I8 TS A 48 A B 2l W B OS2 [0 ). v ARl B2, 2025(5) :1-7,16.

75 AT 8 30RO T R A AT FH S fige Rk
LA A W R 7 B 52 il

idi#:éIQ-?i#\-Kl’iu &29}& #11’}& ﬁl,*iiﬁ_%l,‘;% ,:3___'-,'-1’.3'_ n*\l
Q. ZRARTEZIRPARAMAR/ RERNFLLHBFF SN A ELEER T, 2T o RIE
15008632, A T H R LA 5, ELIL 5 RIE 150086)

T E O AR B 42 T RS T T 28000 0 R 0 412 T 800 B R s AL, SR @ e T 4% 12 43 A RS FF R T (ST
FE I FH 422 P AR CSTID RURS AF 38 FH 22 0 0 240570 34 it 8008 (STIND 3 R RS AF 38 H O 30 5 K A% FF 14 65 f 5% L5k
RAEFFLAL GBS S A E W RV (0 AR (L ARRAE . 45 SR 3 B RS FF I8 HH B2 2590 18 e 220 (STIND Rk 6% i 1k 5 AT
o2 2 3R F 2 D A i S R o S X R OR R AT g 0% FERS AT R 120 d B R R 3K 85, 13%6, 8K
T FF B 304 F (ST RIS F 38 F 42 R 2450 (STD AL B4 53 #8214, 6196 R0 7.59% . FEFFIE M 60 d B, & b3
) it 5% 347 3K ) di o KO v Ab B STIN A £ 2t 38 T 05 1 o 900 250 W0 0 R0 005 4 R0 3 T 460 W0 7 G 055 1 40 ol 3k )
2 773.51 Usg ',1158.13 Usg "M 1629.51 U-g ', &= T HMAI, AFEFHTEHLIHEENET +
e AR RN B S 2 R i G AT B R O 0 22 R M G W R R R FE I T 42 A T S8R B e A0
(STIN) Ab #5825 48 T 201 T 7% 41 0, 36 3 HE 0 e 9 0 D = 0 2, ACE 48 8. Chaol $85UFT Sobs 18 535y &
121 o H Shannon $84 i 2 & F ST AL ¥, Simpson 5 %5 f. FAKF ST b3, RFHTE &1 LR, H Botryotrichum
Ml Podospora 1434 58 3= W] . B iy A T BE I Sk 840 B W Ak e I8 T3 o ) P JEC e S R0 a0 A 1 40 o) FE A 2 e 71 1
Te 4. BRIT IR AF A FH B2 R AR 34 6 00 nT A8 S S ) Rk B L O fk L B R AN BE BE VR 45 JR 4R T 4 4
B St AH DG T R M, DT Qo o R T Aot AR

SRR AR < BT S < B T R A 5 W 5 LA W BEVE

FORTE RV R EAEY b 5 e 8 20 RN RERS et A 15 04 J % L AT 0 I o Ak

o J T VT4 8 b I BRURT 7 R R K AR B VR
B lEEAE 50% DL b ERFEFHAE ol 2k 7~
T BRI 22— BT IR AR 3 s Al
FIRFSE A R L BEIR Y RS AT IE 1 L REAT 4R
T A AL & R LA, E O [ P A
P AR SO RN SR i TR e L
A HIAL T A R B IX L FOR YO U P R e R
AR ELARS A7 i S BORS AT Bl TS B 5 i
PRI A 22 LA RAT A o S 0 Tl 25 XU RS 22 T 5
W T AEAEY S A el 2 AR % 1
AT PR A E R JE DR AT I R iR R
FERE B

AT SR SR Tl RS AT I 38 500 A S — b v 2k
ARSAT I A I T B 2 8 Tz Kk, 20
H WS FR W] 4R I 2R RE 96 0 35 4 R AT 00 )
fife ST L B v O R R 2006 ~ 40 %0, I I R E K
PRHER S BRI R A B — PRI RS AR

Y75 B H#:2025-03-10
EETE BT e R e 3 (2022ZX]08BO1) .

PR Z RSO H L RN T 5. 1~6.0 H 4 A
Y 4 DA - R AR 5 v 2 B it S
T AR R R /N 22 7 FF 55 0 00 DR R, W 3
== I S Qo YAl W 0 N L Rl R 0
FE M AT A FH O RS AT 2GR MR 2L B8 3
Pk v A g R Wl O P L I R R R AR DT R AR
ARG T AL — 2 ) B € KRS AT I A7 38 1 2604 F
i R0 9K B A R IS Aot (0 2 Ak “E AL ) TR
PR RS FF I 200 10 1 R 8CR Boxd + S90 AE W BE
OIS e o Y R b R TR I N
R,
1 BRHSJ5%
1.1 ##

P R [ B IR VT £l B2 B R AR
LA FHE R R R S, E KT L 2 mm B 5
. YT 2024 4F 5 A E 10 AR E R

F—1EF R (1997 ), Lo Wi+, WFse s 2] B N 35T . E-mail: 13206580206@163. com.,
BEESE: TIAA8L—), B, W+, AR5, AF S Y EAENS . E-mail: yuhongjiu0818@126. com,



& W R ARR L AA R 2 %

T R X M F 5 4

IR T JE e VT A8 Al B} 2 e A2 £ % (45. 683°N,
126.612 6 E) il A7, 1IEARAG R L, LIEAL Ty h
G, BHZ ANV SR 26.73 gokg L 2R
LB AN 2,13 gokg 1.0.72 gokg ' Fl
20.56 gekg ' MURCA A RUBE A ACH A &4 3
A 135.1 mgekg ' .23. 7 mgekg ' Fl 150. 6 mgekg ';
pH 4 6.37,

ML E K AR S8 E 335,

PE RS A 16 200 i 2R VT4 B A R
FEBEARM A SR Y BERMAR, £ 2015 HE
M ZE AT R A 2R AT B SR AR KB .
T PG e 45 50 80 SRy KR
1.2 Fik
2.1 K&t BRI E 7 3 Mo
S HANEE, AbHE 1 N FEFF BB A B (ST) (CKD L 4b
B2 SN FEFE A W+ R FF AR (ST b B 3 2K
Tl FF A8 FH 4% AT 6 20300 -+ ZUIE (STIND L AR 4b 3
SWHER I 9 AN/PNX L /NX L 20 m? , i FFJE 24

FISE R AR AT R 2%, AR (450 &N
ﬁﬂiﬁiﬂﬁ 1%, RHJE e MAsH ik, 2 e X
ALHAE 100 H .25 cm X 35 em., B8 B M 4L lj\]
B EKFEFF 50 g, BRI 100 g HIRAT, HE4E
TFAHEI T 25 cm 4, %ﬂ%ﬁﬂﬁ,ﬁ%ﬂ?
‘ZEH 30,60,90 1 120 d #E47 HURE , 43 VK BE AL IR
o W e e M AS IR, — o K BRI £ AR IR AR
TFH?E{H!IJKE, — 4 K ol L Bk 2 3% T B
e+ 1E 60 CHER Pt T 2 0H 5 LRy e 4
1.2.2 MEMRB A F ik P4 R ML
Y2 B R e SR B Bk R R R
TE R e BRI LT L 4T 4k R B o 4 0
B 25 A T T A R A 5 M 2 T SR ELISA 3R
R gL E A J)D HEAT 96 LR A EL € )

Tl FF I 70 20 R (V) = (RS AT 00 46 B & — By
BT A A FE i /RS FF 00 46 5 5 < 100
1.2.3 X3 DNARBRAZaEZTMNAE R
Fast Pure Soil DNA Isolation Kit #¢ Ht 1 5 &
DNA, L) 338F/806R 5 ¥ # #4401 16S rRNA Jt
P V3~V X, 4350 5 A 5E e HL Pk 96 30F & . 4
b PCR =¥ )5 , 2¢ 6 & ¥ — ki & PE S/,
[lumina MiSeq F & ¥ i il /7 . 28 03 5 PF 2
DADA2 [ M 4 il ASV ( Amplicon Sequence
Variant) 3, & T SILVA 83 FE T BH2, &
o/ B ZREVE K HEVE S5 M 22 S5 0 HT
1.2.4 H¥FEHSH R Excel 2021 fil SPSS 25. 0

2

A B i AT e 3t o A X BOHE #3547 ANOVA
K5, 3 F Duncan’s ¥ o 17 40 B [H] 19 £ & Hb 4%
R ZE PER B (P <<0. 05), & M Origin 2022,
R-4.1. 31,
2 HR590r
2.1 EXREHIHSEETEBRENTL
)5 A AT foe 3 2 ) B KA AT I e 5R 1Y
B2 — R A R A /N LA B
I KR A A R i R R BGRRT . AT
P I S S I A 25, B2 AT A58 N R
T 2P0k AL S R R uh s
o, R ARk R — e I ik, i ot 7
FH [) 2% 4 0028 % FF S5 2 110 D 20 ok DF- Ak 1 A 5%
Ro ME 1 LIE W, BEE RS AT S B HER, oK
Tl P ) DB e ik 22 408 o L AH 40 B B B OK RS A
H A SR A, 5 R A g s B A
30 d BF . ANFEALBER) B KR FEAF IS MR Z R AR
2L FEFFE I 60,90 A1 120 d BF KRS AR i R
IR M A3 STIN>ST] >ST; #FFiA H 120 d
At 4b B STIN (8% FF Ji i e fe KL, 38 8 T 85, 13%%,
AR ST A1 STT 2 B4 T 14. 61 % F1 7. 59 %
(P<<0.05),

100 -

—— FEFF H B H(ST)
—a— FEFTE H+ S FF S 2GR (STT) a
o 80 | —m—FEFFIE H+REFF R+ E(STIN) b
%Tq- c
¥ 60 a
K c
o
i 40 -
X
H aa
20 | d
0 1 1 1 ]
30 60 90 120
JE& fi it 1R]/d

B 1 RE AR E kA A S R R B

PN YNCES S S S

TE P<<0.05 K¥2RBE.
2.2 EAEFLHIRARKBEFASIHNTH

(Ut A EAR: & W AR, S IF N =

X8 % A AR A AT R B R 2 4l 8 b AR W 0 4y
fif B AL o R ALY . R 2 nTLLE W,
FEARH 120 d B, BR A EORFEFF 0 £4F 2 5 % &
BRI N ST>ST]>STIN, K F 4 £ & H#
M K ST>STJ>STIN, K & & & 4 &
PR STIN>>STJ>>ST, 45 J: 3 01, fic fite 55 247 Al
RN T 1 2 3124 2 4 25 04 L B i



& Y B3R 45 A A A

5 H9 XNFFE AEFBAANTELRRFED R AT ERMAEDBFEZG
70
6o - BAERER DEFHEEFED *ﬁ?ﬁ%
50
S
R 40
i
ﬁ 30 F
20
10 -
0 .
ST STJ
Ab 3
B2 AELAEILH 120 dEZKFEFH
EHEAESESHILEBER
2.3 EABEFTCHIEFBEXEEENTH
2.3.1 HpEEEN THEZMZEMATHER

A R AR B — G B R, R — R R A, B
Vi 2 B F A AT v B 27 4 K P F 4 R H
Sy TR A W R . B B 3 BT AT Bl S R
o FHBERE .3 /> A B %) 2T 4 K i I 1k 2 5 A T
mE AR REFFAH 30 d B, 3 AN Ab (A
() £F 4 25 Wi I 22 S AN 0 3 FEAFiR I 60 d B L3
Qb 3 ) £ 2 2 G 35K B i s K OF L b B STIN
LT 4 R g IG M e s 38 8] 2 773.51 Ueg ' B
A3 ST A ST 430 i 4 3. 17 %6 Fl 8.53 %05
FEFFR H 90 F1 120 d W, 3 A4S 4k B Y 2T 4k 2 il 1%
PR B R R RS AR B 120 d B, AR STIN
M) LT 4E Z /TR MEAL M 1 905, 81 Ueg ', Ab B [H] 2%
W NTE

3000 -
2500
2000

1500

SFHERBEE/(U - g)

1000

500 ”90 .120
%*ﬁ:&&lﬂﬂﬂ/d
E3 AEABFEEHEIETHER
H . AE/NG FEREFIR A BRI AE P<<0.05 KFEERF B,
2.3.2 oW ABFHELE o HAMTEEE
IIRE K i o %0 WH B, B AE R B R
TE oy R0 A 22 W5 09 4E L 42 2 1 A L 96 2R
FpEf Y, K 4 al LUE W, BE & RS FF S gt
PR3 ALY o~ 45 05 1T B0 M2 R e T
Ja AR R, FEFFIE [ 30 d BF, 3 A4 4b B A (1
o H) 2 BE T B M 25 SN B E S RS AP AR H 60 d

30

Bf, 3 AN Ak B o5 2 T 3 I 2 A B e K
L b B STIN By o F 25 W5 1 B 05 M 55 =i . 5 3
1158.13 Ueg ' A ANHE ST] A1 ST 4351 i 3 1
{12, 08 %6 H1 10. 69 %6 s B FF 8 FH 90 A1 120 d B,
3 AL BRI o A BT VS MR M. RS AT R |
120 d B, AbFR STT 1Y o5 %65 05 11 Bl 05 1 B e s 3k
F| 7 893.15 Ueg ',

1600

1400
1200 ~

osT STJ @STIN

1000
800
600
400
200

0

o -HEPEHF /(U - g7)

FEFFIR H 8] /d
B4 AERE  HAFHEFHIETHER
o AEVNG R R b H R
1 P<<0.05 KFEFEE,

2.3.3 B EAEIFEEMNE B AW AN 3

B TR R TR, S AR MR R
B 43 ik o A L TRDAE A 1 68 LY 0 B f v R B R
FAERY, R 5 ] LA W BE R AR
2,3 AL BB B 20 S T 2 R B T
Jo FEAR R a3, FEFFIA H 30 d B, AR B STIN Y
3R] 4 W O P S v T O ik B R AT L
60 d B, 3 A~ b B Y B 4 A IS M 38 ) i
7K AR STIN Y 5~ 26 0 1 i 076 1 e a5 34
F1629.51 Ueg ' EALFE ST] M ST 43 51 & 3%
P 5. 17% A1 13, 32%; F FF 6 B 90 A1 120 d
B, 3 A A B B A Il UG T R RS AT IS H
120 d B, &b B8 ST /Y B-% %5 B 1 g 16 1% f i, 36
F|T 1067.23 Useg !,

2000

1800 0 ST 8 STJ BSTJN

T?" 1600 |-
g, 1400 -
% 1200 p p a
= 1000 M I
ﬁ 800 §
2/ 600 §
i 400 §
® 200 §
@ 0 N - .
30 60
FEFFA H s Rl/d

B5 AEQKEFHEEFHBIETHER
T ARG 78 38R b 24 )
TE P<<0.05 K F£REE.



& W R ARR L AA R 2 A

R Lk # 5 4

2.4 AEEHFITHLEN T EMEYWEEY
=AY

2,41 EXHEBAYHEE SN ARLHE

FE T R R EEE R E RS 2R (P<<

0. 05) , I Xt 24 R B 5 110 22 Rk TG B S 5 i (3R 1)

N BEE B9 Rl DL ST Ab Bl i,
ACE #5 %t . Sobs #§ £t ¥ I % & T STJ Ml STIN
ALFE(P<C0.05),1fif STIN 4b B ACE 48 B
Chaol #8 ##&¢ STJ 4k B 4 5 8% m 2. 98% #

5.54% ; F A Ak P A9 48 1 Shannon 35 % F1 Simpson
R ILREE.

XFF E P BV STIN Ab 3R B e =
Fit 425 B L ACE #5%1. Chaol 45 $UR1 Sobs $5 %44
Jte . H Shannon #8 80 % #F & T ST 4 2,
Simpson 78 $ W LT ST 4 ¥ (P<C0. 05), 3£
HAWMN a2, STJ 4B B B Sobs $8
UM Shannon $8 403 1 3 & T ST b3,

x1 TRELETEMEMEE  SHEEY

+ R R hb B ACE #5 %% Chaol 5% Shannon 1§ %% Simpson $§ % Sobs 84X HHR
4T ST 3698.51 a 3597.70 a 6.02 a 0.01 a 2765.00 a 0.9789 b
STJ 3226.63 b 3112.61 b 5.91 a 0.01 a 2413.67 b 0.9819 a

STIN 3322.72 b 3285.15 ab 5.79 a 0.01 a 2473.67 b 0.9811 a

B ST 428.72 b 417.48 b 2.43 b 0.29 a 348.00 ¢ 0. 9986 a
STJ 481.10 b 466.64 b 3.19 a 0.10 b 391.67 b 0.9984 a
STIN 625.11 a 616.39 a 3.72 a 0.05 b 526.67 a 0.9980 b

ARG P ROR AR A B P<<0.05 KFEZERRE,

2.4.2 EEHAMFEEL OTU 44 FEF OTU
P 5 BUE (R 6 A) B, BIEANE REVE OTU
3t 5 699 4>, ST.STJ Fl STIN &b FEZH 73 61 &%
4 204,3 656 F1 3 740 ~ OTU, 3 M HILA
¥ OTU 2 2 340 4, 5 8 OTU f4 41. 06%, 3 4
AFRAAT Y ASV FEG A5 4351 2R 980 4~ (17. 20%0)
547 A4~(9. 60 %) 1 611 4~(10. 72%) .

STIN
6 TELETHEMAE(A)SEE(B)HEN OTU N

2.4.3 EIEMAMBER PCoA o T EF
JNALAY Jaccard 85 40 B4 , 3 A8 #5 43 AF (PCoA) 15
7 T AS TRk BT - S 48 TR R DA R I 2 R Y B
oM, AN BT (& 7TA) L PCL A PC2 43
SRR T 41, 14 % H1 20. 90 % Y BEVE 28 S, B3t 5T
Bk 62,04 % , H AL B [H] 22 5 B 2 (R* =0. 951 2,
P=0.001), HH,PC1 %l I i ab P35 2 81 35 4y
1

M 6B ol 0, AR HE OTU 4t
1010 4~,ST.STJ #l STIN &b B2 535415 512,
602 1 767 1~ OTU, 3 MEHHAHZ .0 OTU
307 A, 5 4 OTU By 30. 40% .3 AN ERSA 1) OTU
A3 101 A4S (10.00%6) 100 4> (9. 90%) F1 245 4
(24.26%)

STIN

B, PC2 %l | ST Ab¥i 5 ST.STIN 2257 . &, KW
i3 AR INXF A DR 65 g 1) 8 92 4 P R B A
PC2 5101 , 1 B Bt A 2E— 25 IR RN

T HEEH B PCoA A Hrah LW (K 7B) .3 Fl
fb B A] 43 B R 3R AU (R? =0, 957 2,P=0.001),
PC1 #il PC2 73l e 1T 22 519 62. 8324 F1 15. 11%,
&t 77.94%, PC1 %l | STIN 43 5 ST.STJ



544

X) R F AR AT R A X R R AT IR WG A AL B A B YR

ok R AL

LT = = W LR | R T L G A = N B e o
PC2 #h | ST b3 5 STJ.STIN 2= & & 2=, 3

A PCoA on OTU level
B P— PERMANOVA
+ F R2=0.9512
o [ P=0.001
0.04 ik : 008 -
i ® ST
0.02 g O 0061 . | esmIN
S : 0.04
3 s
T R S — 002 L %
g E
& —0.02 : 01
i 002
-0.04 : / oo le'
~0.06 —————— I 006
QL ELIIII I I IO

PC1(41.14%)

A AT B A T AT B PR A J5T 3R e i 52 B 5 B0 LT
TH v TR B A8 DX ) T ) R Ak

B PCoA on OTU level
T I PERMANOVA
N R?*=0.9572
= | P=0.001
—
0.10 - 0.15 @ ST
] : STJ
: 1ol STIN
0.05 1 4
= i
— : 0.051~
a | OSSR | W
g ° a
& H 01
~0.05 ] t. % 005 %
-0.10 ; 010
LIS LEF IR IO

7 AERETIHEMARE(A)SER(B)ETE PCoA 74
W FRTE P<<0.05 K2R EE.

2.4.4 THEBMAEDBBARADANEZF HE
SA AIHNFETT K Iy 0 B B V% LIS T 1R 1)
(Proteobacteria) . it £ Wi ['] ( Actinobacteriota) .
JERETR ] (Firmicutes) \ #A#T i '] (Bacteroidota)
HhE LB R A 52% 17 % TY% R 6%,

1E @K L (&1 8B) , 4 B B 7% =F BE w1+ 19 43
AN M BB (Allorhizobium-Neorhizobium-
Pararhizobium-Rhizobium) . 5F # ¥ # J& (Bacillus) .
BB M B 8 ( Pseudomonas) . #1525 810 H &
(Sphingomonas) AKIFT W J& (Cryobacterium) .

A 10F — — &= ® Proteobacteria
= - " Actinobacteriota
® Firmicutes
0.8 = Bacteroidota
= Chloroflexi
L] écidobﬁcteriqta
* Patescibacteria
B 0.6 ® Myxococcota
iH_" ® Verrucomicrobiota
< Bdellovibrionota
E 04t " ot
0.2
0
ST STJ STJN
Qb
c 1.0
® Ascomycota
»Basidiomycota
0.8 - munclassified_k__Fungi
® Mortierellomycota
u I(\:’I}?coygmycota
= tridiomycota
0.6 ‘Fur};gi_phy_ylncertae_sedis
H# ®Zoopagomycota
= ®"Rozellomycota
= 041 Blastocladiomycota
= HoAth
0.2
0
ST STJ STIN
Qb

AR = BE

AT = BE

norank _ f _ _ JG30-KF-CM45 ., i & ¥ Ji 1 )&
(Pseudoxanthomonas) 5% 75 14 J& (Streptomyces) \ 5
KT KB 8 (Devosia) . WEH J& (Variovorax) .
Hoh, ST AR 2 4R 5 1T A R 1] (Armati-
monadota) A%t 3 (P<C0. 05),STJ 4b 3 5 2
B THEHE ] (Cyanobacteria) B AH X 32 & (P<<
0.05) 3 STIN &b H i {5 S AL 1 1] (Methylomir-
abilota) % it 3 7H 5 (P<C0. 05) . 1] fE 5 H AU
AR T AR KA,

I ]
=i -

u Allorhizobium—Neorhizobium—
Pararhizobium—Rhizobium
® Bacillus
® Pseudomonas
® Sphingomonas
" (,!:yobacterium
mnorank_f__JG30-KF-CM45
“ Pseudoxanthomonas
® Streptomyces
® Devosia
Variovorax

= Hopth

04

0.2

0 ST STJ STJN
szl
1.0 -
= Tausonia
u gchiiotgwcium
" 5tachybotrys
0.8 - IBotry(}),trichyum
wunclassified_o__Sordariales
=] " Mrakia
0.6 - * Fusarium
: grichoderma
arnettozyma
04 F . Podosporg
’ T THA
02
0
ST STJ STJN
Ab 3

Bls FRAETFEHAHRT(A)ME(B)RLFEERIT(C)IE(D)WEXNFEE



AW R R AR 2 %

T R X M F 5 4

A BRI 1K (8] 8C) T4 1]
(Ascomycota) fl #H F 4 ] (Basidiomycota) N +
AW B HRER . fEEKr 8D, |’
BRES FREET T 1953 0 h Tausonia . 45 W 8
(Schizothecium) 5 % %5 )8 (Stachybotrys) %
% & 5% J& (Botryotrichum) . K/ KK H H

(unclassified o _Sordariales) 47 < BE L J& (Mrakia) .

W I W & (Fusarium) K% & (Trichoderma) |
=4 W B (Barnettozyma) ., W # 7E H )&
(Podospora), ST AAHHFRTTFERE &S T
Ty WAL 3T STIN Ab #5225 32 5 1 4% 18 AR X
FE., ST /L #JE N Tausonia fl Mrakia
STJ Ab Bk # & A Tausonia. Schizothecium .
Stachybotrys.unclassified_o__Sordariales, Tausonia .

Schizothecium ., Botryotrichum . Barnettozyma.
Podospora 3 STIN 3L # g .
3 g
3.1 BEFREE AT S BRI X S F MR E M B2

Fili AR I RS FF I RHE R 0 E 2 A, 2
P2 TE A HENE Ty 0 3 SR 2 R B R My E
2840 . —EE I A K B A AT 8 AT L
IR B SR SR I v S A
RE 7, AR VR P 1 7= i 3G o R FE A AR R
PETE N Ty AR A A b RO R L R A O
Pt Z WS 2 1 2 U AV 09 52 2% A A i 72 .
T 58 2 R W o3 i A B0 LD L G R
25 S5 T LR 0 e ik 2 A o TR FRRY TEHL ) B — A
PR R . R CEGHER A EMATE
B A= W 53 ik A PT Ie  19 400 BT, A RO L R
AR, N BTFLEZRMBEYNS S, 1
— (AR 2 ) 2 O BB S R R I I L 2R
T W AE I 5 2 WY K R O ik % S 3T A
PG g R, SRR R~ X —JE R
S ABTTRE S FORTEFF A LA A C, AL
JBT )2 R 5 AL 8 R R R T T A ) R A ) Jo R
OB, 0 STIN &b 338 i [7] 25 34 58 o7 %5
ity 55 (37 7 W IS R L 0 ST UE By 2 W) o A AF
Y ZY) A 4 e T ST A T ) A4 o+ 2
YRR IR X R it R -2F 4 2 2 A AR G218 7 1
3.2 EARBHEEANRELTEMEMHED

2

T ARy R R OB Sy A
IO G ER A BT A3 fif TR 4 4 1 30 0 Oy TR B
AT WVE Bk ZhE 1 5 8
e+ HEAE T3 55 (R . A AT A G e R R A

6

gy AR, 3 RS TR PR TR S
1 A AR Y T TSR BEE O U R A
T BE Z AR L A BLTR A FAS AT 36 H 34 A A1 TR
T 22 A T RO AR A R B A v L Y 4 S
FERM] AR AT I8 T it PR 2% 0 2B 7 8 A8 W 3
BT B AR BT WK S - 4 v 2R TR S A SR
BER AR, R A AW RN A AT
I HLET G R | B VA W 2 R
Bt AW 5T 3R WK [R) Ab B X L B AR Y
Fw B S R A T R T A A 2 A T
AAL A 22 %R B (P>>0.05), S5 AF B %
FH 97 391 552 118 1) By o fidk e 5 002 32 40 TR 38 0 A G
STIN 4k B rb 240 1 F 5 L ST Jh i (2 Z B 1E R
%, AT RE S ZIE S A S B0 34 B A P 1S 5 B
BEUR E G AN I RIS ZREPE . FUUR R R W AE STIN
A BN R R R E R 2 A X TR
P Sy 2800 38 2ok 42 v Bt 60 LG (C/IND e 1 %S FF T £
R N AR TR ERIRY . R
VeSO I AN IR OTU HBi 2 8 F H B
2 WY A TR A7 7E 0 0 1Y D) B8 TU AR 1 R0 B B8 3 e
T L T8 R 7% 0 B 58 742 4k 5 R B0, 7 A AT TR
AR TR 1 A 2 TR T Y A B b A 5 NI 9
— BT o R R RR RS R R A ek R b A Y
HHLBR AN S B 5%, STIN kb B e B g S AL T
1A 18 o 000 55 i T R A AT R s
NH, et et 7, EEBEE T s, TRE
PR FEE ] 86 35 5 Hh 07, 5 55 R B A 400 30 75
SUPE U 09 R R AE AR AE . B KOE 1L ST 4b
R Tausonia R Mrakia T 62 5 KR W)
WA s ST Ab 38 rp 24 52 T e A A 2 B8 55 ) 1Y |
2] BE 5 8 2GR n B A BIL T S5 i AR OG5 R 2GR
TR B R By PR R AR A5G T STIN Ab B Bor-
ryotrichum Fl Podospora W35 . ¢ B & B8 s A
B4 T 55 A T 0 B e B
T Bl 4000 0 il 0 2
4 iR

A G R L A AT 4 422 ol 5 220 5) 1 it 80T
PR TG FF v &1 2 28 R0 2 41 4k R Pl 43 i L B
Fit 1 T X K AT R i 0CR L ZERS AR IR | 120 d
B i 323k 85. 13 %6, B A% #F B H22 38 H RN FS T 16
FET 32 o J60 2800 b 53 S0 2 3 14, 6100 R 7. 592,
J& ff% SCAE I G T 60 ) %) i35 M 43 B s, A FF
I FE 22 8 28 70) 34 it 260 T A B 1Y £F Ak R L o T
2] W H T 0 5 2 AR T TS M B K, 43 i) 3k B
2 773.51 Ueg™'.1158.13 Ueg " 11 629.51 Ueg™*,



5 4 X 0% AEATE A 2 B R R AT IR WG AR AR R W B 0 %R

A SR R ) R

935 v T At Ak B S A A A 2R 4 i A
JIES B 6% Jan SOARE H 5 K i 2R R OF 02 R AT A PR
J& it .

A Wy R T o3 B 6 B L AN ) il FF 34 FH A0 38 I
FEURE T HIEAE R RS TS 2,
T XT 240 T R V% 0 22 PR M 0 i 35 ), i O T 42
ol g 2250 34 it R0 M 3 R ) T 9 R TR B V% 4
B2 B e B R R E L Kb ACE F5 48
Chaol 78 801 Sobs WM 49 Fh %5 34 3K % K ME s H
Shannon £ #£ : #8 $4 B % = T 0 56 &5 FF Ak B
(ST), i Simpson ¥§ % . F LT ST Ab#, £
AT EW B R A E R 2. Ak,
AL E R T 5K R R )R OC Y
Botryotrichum F Podospora . F5FF i H 4 Fh &
S 8 it S0 N - 3 A O R B 2 AR O W R
1k B ZSFE 1] (Proteobacteria) Al 26 B 1] (Ac-
tinobacteria) A X} 3= B 3 F FF B3 8 H 43 500 38 Jn
12.3% M 8.7%.

Zi L iR, 6 2GR 5 IR Y B IR A 38 A
W R G 26 W 0 00 i B L TR AL T RS T A
TR IR, S & DR FF 9T U8 & 2R AR
MR At T HES K
S % 3k
C1 XUk, S5 79 4, 22 0 . % AF 30 B AR AE P B ZE S Rl & R

VR L], h E AR 2 R, 2008, 24(6) :404-407.

(2] FRugsat, 5k 42 W, T 3030, %, R FE IR 1 %A 1 -+ 0 3 4k
S A R R B K B R e [T ] Al B 4 R, 2017
(10) :174-176.

(3] ZEATH ., gk N, 40 7. B A B ) 70 76 RS FF 03230 1 AP g
BRI R T, LAl B ,2019(3) :96-97.

(4] JEHe48 GABIF 2R & . 55 AR A S FF A4 B I5CjtE 75 FF I8 24590
B DR N+ e R A A B S M g S e [, P AR AR
2025,52(1) ; 24-28.

(5] H&%. HERF T % RS -S I5 00 B AR X
SR R L) . o S AR, 2023(9) 1 181-191.

[6] MM, 2= 0Ha , S5k, . A7 ML LI TR S 55 K R FF A
BN R T, AR AR ,2019,51(12) :63-66.

(7] FERTSE P 0, ok B L 5. AN TF) S SR o 2 7 8 Al 3R 5 A
MK SRS R s )], o E R K, 2024,30(1) £ 30-35.

(8] AR/NFL. AR L 4 W) i b £ 4 28 F 2 27 4 22 & 1 A ) 5
HrLID. BHEE R, 2020(17) 2174,

(9] RERMEL.ZEFH R, KK S R P & 4E R 47 4 2 MR i %
RO EL) ], & SR Tk ,2005(8) - 40-41.

[10]  GRBr,FBECRE ., T A d, . A R K R k535 45 2R RS FF 38 H
75 2R 0 9 S L /N 2 R R e ke LD 0. b B RO B A
2011,44(16) :3351-3360.

(110 Z=PHPH, R I0 B, S0 PR A6 L 45 KRS RS FF I M 2 & 18 &R 04 O
FEM A K W R RCR [T, A s 57 5 Ik =R
2021,27(12) :2083-2093.

[12] WIET B4R AR, W1, . EUIE 5 2 60 31 N0 Fic it ) 9 3 7K

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[23]

[24]

[25]

[26]

[27]

[28]

FE RS R 36 O A BOCR Ko i m [J/OL]. fEM 2 35,
2024 :1-7[2025-02-17]. http://kns. cnki. net/kems/detail/
11.1808. s. 20240402, 1840. 002. html.
SRSTRE AR B BRER, L RS AR W SR A R
Yty s 354 LT ], v B AR S R 22 4. 2014, 22(9) .
1047-1056.

Tk ST AR F) SR AL R R I Y o I RN W) 4R
LI PEACRARBF R 2 = i CH AR B0 . 2014, 42(3)
137-144.

EAEE KL, Tk, 45 B AF FC it 2SI 11Xk F8 A il
R m )], +3€,2017,49(1) :19-26.

TR AR T A A= 4 A IE X - S Rl AR A K 45 )
(1. MR A B 2, 2022,50(1) :201-206.

CHANDRA R, TAKEUCHI H., HASEGAWA T.
Methane production from lignocellulosic agricultural crop
wastes: a review in context to second generation of biofuel
production [ ] ]. Renewable and Sustainable
Reviews, 2012, 16(3): 1462-1476.

RS, BRBH T, BR# , 45. F5 FF 36 B 5 80 7F 7 00 SR 48 4
e VAT 5 A R e e ek R R [ ], M TR L A= 4, 2024, 36
(6):1347-1356.

oy I AR 2: =21 11 B 3 o e N R DO 2
Tl D fige S G A1 Tl 0% P ) 5 o [ 1. A 0 3R 5 T R 2
2020,26(11):2070-2080.

TVEIT A, SCHWACKE R, SVENNING M M, et al.

Organic carbon transformations in high-Arctic peat soils:

Energy

key functions and microorganisms[J]. The ISME Journal,
2013, 7(2) . 299-311.

ZEVETH  INVB R IS SO S AT ISR I8 O fig AR K
FOP RO A B S LT ], A W8 37 5 MR, 2009, 15
(2):374-380.

JAZRDE, BT MR, BRI 2, 45 AN TR 38 o A AT 3% 4 B
AR A e Z Rk a2 ma ()], L@ . 2018, 49
(4):848-855.

BT Ehbeg , Bk 55, FORASFT 4 M 28 L Mg o
AEZFEEA IR ], R3S "E 22K, 2022, 41(2) :287-293.

15 s XA A% AR, 2. TR R BFAE O 20T 6 ok 4 4
AT E 2 B B9 B2 R [ ], IR 2 0l 4, 2021, 37
(3):98-104.

EARME, ER A EOR A RS AR H 7 SO AR ALK RS - B
Ao S0 R B 2R W A VR S [T ], BOZE 4 2 4, 2022, 62
(12) :4811-4824.

MENG X T, ZHANG X C, LI Y N, et al

fertilizer builds soil organic carbon under straw return

Nitrogen

mainly wia microbial necromass formation[]J]. Soil Biology
and Biochemistry, 2024, 188. 109223.

ZHAO Y Z, WANG S Y, ZHANG M L, et al. Nitrogen
application and rhizosphere effect exert opposite effects on
key straw-decomposing microorganisms in straw-amended
soil[J]. Microorganisms, 2024, 12(3);: 574.

LIU X Q, LIU H R, ZHANG Y S, et al. Straw return
drives soil microbial community assemblage to change
metabolic processes for soil quality amendment in a rice-
wheat rotation system[ J]. Soil Biology and Biochemistry,
2023, 185: 109131.

(TEFE 16 ]T)
7



& W R TR 2z AA) A 2 & o R % A %

e

tons. 21.263 0 million tons, 4. 608 3 million tons, 20. 699 0 million tons, and 26. 111 9 million tons of straw
from rice, wheat, maize, soybeans, potatoes, peanuts, and rapeseed, respectively in 2023; The amount of
straw that can be collected and used as feed for major crops was 134. 589 8 million tons, with a theoretical
carrying capacity of 219. 648 4 million cattle and an actual carrying capacity of 45. 467 2 million cattle. The
carrying potential was 174. 181 2 million cattle; The potential for collecting straw and saving grain for major
crops was 189. 160 6 million tons, among which the potential for collecting straw and saving grain for rice,
wheat, maize, soybean, potato, peanut, and rapeseed were 40. 451 8 million tons, 38. 851 0 million tons,
86.129 4 million tons, 5.276 7 million tons, 1. 918 5 million tons, 10. 303 3 million tons, and 6. 229 8 million
tons, respectively. Through a systematically analysis of the potential for feed utilization of main crop straw
resources, it provides a reference for the rational utilization of straw resources in China.

Keywords: crop straw; feed utilization; carrying capacity; grain saving potential
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Effects of Straw-Decomposing Agent on Decomposition
Characteristics and Microbial Community During
Maize Straw Incorporation

LIU Fengman', YU Hongjiu', LIU Ji¢’, ZHANG Nan', ZHANG Bo', DU Hailun' , PAN Xue',
YU Jie'

(1. Heilongjiang Academy of Black Soil Conservation & Utilization / Key Laboratory of Black Land Protection
and Ultilization, Ministry of Agriculture and Rural Affairs, Harbin 150086, China; 2. Heilongjiang Academy
of Agricultural Sciences, Harbin 150086, China)

Abstract: In order to explore the effect of inoculation of straw decomposing agent on the decay of maize stover
and its regulation mechanism, the nylon mesh bag method was used to analyze the decomposition rate, residual
straw components, enzyme activities and microbial community of maize stover under the three straw returning
methods of straw returning (ST). straw returning inoculation of decomposing agent (ST]) and straw
returning inoculation of decomposing agent with nitrogen fertilizer (STJN). The results showed that the
combined application of straw return with a decomposing agent and nitrogen fertilizer promoted rapid
decomposition of cellulose and hemicellulose in straw, significantly enhancing the decomposition efficiency of
maize straw in cold regions. At 120 days after straw return, the decomposition rate reached 85. 13% , which
was 14.61% and 7. 59% higher than that of straw return alone and straw return with a decomposing agent
alone, respectively. When the straw was returned to the field for 60 days, the enzyme activities of each
treatment reached the highest level. Among them, the cellulase activity, a-glucosidase activity and -
glucosidase activity of the treated STJN reached 2 773.51 Ueg ', 1 158.13 U+g ' and 1 629.51 U-g ',
respectively, which were significantly higher than those of other treatments. Different straw return treatments
significantly altered the species richness and diversity of soil fungal communities, while showing no significant
effect on bacterial community diversity. Specifically, the treatment combining straw return with a decomposing
agent and nitrogen fertilizer (STJN) induced notable changes in fungal community composition, demonstrating
the highest species richness with maximum values for the ACE index, Chaol index. and Sobs index. The
Shannon index of STJN was significantly higher than that of the straw return-alone treatment (ST), and its
Simpson index was significantly lower than ST, indicating enhanced diversity. The proliferation of
Botryotrichum and Podospora suggests that nitrogen input may stimulate the release of readily degradable
carbon sources, leveraging their rapid metabolic traits to suppress competition from other functional microbes.
This study demonstrates that straw return combined with a decomposing agent and nitrogen fertilizer
accelerates straw decomposition by activating functional microbial taxa, optimizing fungal-bacterial community
structures, and enhancing cellulose-degrading enzyme activity.

Keywords: decomposing agent; straw degradation; enzyme activity; microbial communities



