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Abstract: [ Objective ] The usage of organic fertilizers in arid zones is limited, which necessitates investigating the most suitable
amount required for optimum agricultural productivity, and clarifying the degree of influence on soil physicochemical properties,
microbial communities, and multifunctionality in oasis farmland when applied in low amounts in combination with chemical
fertilizers. [ Method ] A field experiment was conducted in Hailou Town, Shaya County, Xinjiang from 2021 to 2023.
High-throughput sequencing (16S rRNA and endogenous transcribed spacer region) technology was used to determine and
analyze the extent of the effects of organic fertilizer application on soil nutrient physicochemical properties, microbial community
composition, and diversity, and to explore the response of soil multifunctionality to organic fertilizer dosage. Four treatments
were set up: NPK (chemical fertilizer only), NPK + OMs; (3 000 kg-hm™ cattle manure + chemical fertilizer), NPK + OM; (6 000
kghm ? cattle manure + chemical fertilizer), and NPK + OM;, (12 000 kg-hm? cattle manure + chemical fertilizer). [ Result ] The
results showed that: (1) Application of organic manure significantly increased soil organic carbon, total nitrogen, available
phosphorus, available potassium and nitrate nitrogen, and significantly decreased soil pH; (2) NPK + OMg and NPK + OM,,
treatments significantly increased microbial (Chaol and Shannon index) and fungal(Shannon index)diversities, and significantly
changed the community structure; (3) The relative abundance of Blastomonas, Acidobacilli and Glomus increased, but that of
Actinomycetes and Campylobacter decreased with the increase in manure application rate; (4) The application of organic fertilizer
can change the composition and diversity of bacterial community by changing soil nutrients and pH, thereby improving soil
versatility. [ Conclusion ] Soil nutrients and microbial community composition and diversity increased significantly with the
increase of organic manure application. Three years of organic manure application (3 000-6 000 kg-hm ) could maintain soil
multifunctionality at a high level by increasing soil nutrient content and improving microbial community composition and
diversity. Considering the limited amount of organic fertilizer and the cost of fertilization, the application of 3 000-6 000 kg-hm™
organic fertilizer in crop production in oasis farmland can achieve the effect of improving the multi-function of soil.

Key words: Oasis farmland; Organic fertilizer; Bacteria; Fungi; Soil multifunctionality
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PR IR i S = AF A AT HLAL A A 2 1 11356, R A
BRI (16S rRNA FIPNJEFE sEEIFEIX (TS ))
£33 NS %V ;42 0 w1 M 7 Ga o 7 - 4
BT 2 REPERYSE A, 38 8 A HLAE FH i 5 - e 4 A+

B Z R Bt AL A S 2R, RHA PLIE
M5 HIEZ R R, TR IX SRR AL
ARt P R 38 A 05 A SR AR 2 Al

1 MRS Tk

1.1 IR R

M ER T 2021—2023 4FAE T 4E /R HI6
DX B 5 o i X VD HE B RS EE (41°16' N, 82°42' E)
HEAT o b DX Tl KB A, AR 3SR
10.9°C, BRIRZER, FHFEKE 47.3 mm, F¥7E
KA 2 044.6 mm, AFEXHFEEEL 3 031.2 he R
TR VERE R A R R AR 2 Y S
AR 1 iR

F1 XA ZEREAREB UM R

Table 1 Basic physicochemical properties of soil and cattle manure

EC socC AN TP AP TK AK
1%} Material pH
/(wSem') /(gkg') /(gkg') /(mgkg") /(gkg')/ (mgkg') / (gkg') / (mgkg")
TR Y 8.62 332 8.87 13.8 0.61 18.5 15.0 131
e / / 80.6 15.2 3.29 20.5 5.25 16.2

H: EC: HS%; SOC: TIEAILK; TN: ©%&; AN: WA ; TP: £8F; AP: fA%HBE; TK: 28; AK: H#. Note:
EC: Electrical conductivity; SOC: Soil organic carbon; TN: Total nitrogen; AN: Alkaline nitrogen; TP: Total phosphorus; AP: Available

phosphorus; TK: Total potassium; AK: Available potassium. (DIrrigated-brown desert soil, (2 Cattle manure.

1.2 RIEEit

PEAEY N oK ( Zea mays L), FhH% N 83
400 hm >, BHALIEHIRE (N 46% ). HEidBERRES
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FLAE ); (2 ) NPK+OM; (3 000 kg-hm 2 4= Z&+{LHE );
(3) NPK+OM, (6 000 kg-hm? ZFZE+{LAE ); (4)
NPK+OM,, (12 000 kg-hm > 4= ZE+{LHE ). Y1 F >k
UG AE 7 2R AT, A A T IR i
MR E 490 kg-hm 2, FAEHIEILAT | #5100 Al
WU, b, b2zt VESRIIR B L 20 ¢ 10 ¢
20 020 : 20 10 @Y B OCTt A o BT L R
FUR L At . o 22 309 70 s s () 7K 5 45 43 i)y
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2023 4F 8 F 21 H F K R4 ke
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Mg ; EHEAPLE (SOC) K %R A4k 7
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Afm) i S 4 R R4 AN Fr i (P<0.05); A ML
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NH,-N %4 ( P<0.05); NPK+OM; il NPK+OM; Ak
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689.4 035.5104.4 996 1, (5 & ASV £ 19 16.7% .
18.3%. 23.2%. 22.7%. HEH#ET (K 2b), Hi5
F 1 727 A HHEEE ASV, Hob 4 ANt AR AL A
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. NPK: Hfitifb/E; NPK+OM;: 3 000 kg-hm 2 4= 25+4LIE; NPK+OMs: 6 000 kg-hm 2 2£2&+4L I8 ; NPK+OM,,: 12 000 kg-hm?
H2BHEIE . K AN F/NG FREFR R AN ) A B 2% 5 838 (P<0.05 ), R[], Note: NPK : chemical fertilizer only, NPK + OM; : 3 000
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kg-hm 2 cattle manure + chemical fertilizer. The lowercase letters mean significant differences between different treatments ( P<0.05) . The

same as below.

1 ARG ALAL B i e A M o

Fig. 1  Soil physico-chemical properties under different fertilization treatments
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Fig.2 Community composition and a-diversity of soil bacteria( a. Amplicon sequence varian( ASV )counts; c. Chao 1 index; d. Shannon index )

and fungi ( b. ASV counts; e. Chao | index; f. Shannon index ) under different fertilization treatments

T RN B 2R B (& 3), R
i, A 1L 2 ARBRBN A B RE T 38.5%F1 10.2%0
GUHRE, 2t 48.7%. 5 NPK AbFRAH LG, HitAa Bl
2 ( NPK+OM;, NPK+OMg, NPK+OM,, ) 41 #
K LE R 22 SR RESR ( P<0.05 ), UiRAA HLAE i FH &k
FAET 3 000 kg-hm ™ i -+ 3 41 TR RF 7% Ak 2L 22 i) £ 1A
2R HIEEFRE T, 5 1. 2 Abrkhor nil g Rt
T 20.7%H1 15. 7% 5TERE, 2Rt 36.4%, 254k 3iE]
TwEXES (K 3),
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IR L (HE 4a), MXTEREE TN 5 25T
439 AL ] ( Proteobacteria, 17.0%~25.2% ). Ji

2R B[] (Actinobacteria, 16.4%~25.7% ). ZFH e
I"] ( Gemmatimonadota, 9.7%~19.9% ). MFF& ]
( Acidobacteria , 11.2% ~ 17.2% ) £l &¢ 25 B |']
( Chloroflexi, 10.7%~14.2% ). 5 NPK ZbBEAHLL, 47
HUIE i K T4 T 3 000 kg-hm > B 340 B V%
2 B B 1] ( Gemmatimonadota ) F1 8 #F & [
( Acidobacteria ) 9 AH XT3 B g & T 12.7% ~
104.8%F11 11.0%~53.7%, HIZEAHILIAE A 6 000
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LA ( Chloroflexi ) B AH Xt 3= B 43 B B A T
20.7%~36.4%F1 1.2%~24.3%; NPK+OM, AP
W] (Proteobacteria ) AHXT B i f KAA -
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H: PCoA, FAARFHr. Note: PCoA, Principal Coordinate Analysis.

K3 RFETEACAHE T LA (a) FEE (b) BEE p ZHME

Fig. 3 Beta diversity of soil bacterial (a) and fungal (b) communities under different fertilization treatments

JE/KT- (& 4b ), KD4-96( 485 Chloroflexi,
KK JE ). Vicinamibacteraceae ( T8 ¥ W ]
Acidobacteria, A3FJE ). Rokubacteriales ( B JF
W HARREFRANEE ). S0134 terrestrial _group ( 25 HUfif
Hi ] Gemmatimonadetes, FK43r25)& ). RB41 ( FR¥T
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S0134 _terrestrial group il RB41 AUAHXFFE R, FEAK
T Rokubacteriales Fl JG30-KF-CM45 fAHXS FE

HH FE VR DL 9 1] ( Ascomycota ) A F
(>90% ), HUEH ¥ 1] ( Basidiomycota, 0.50%~
1.44% ) #1 Mortierellomycota ( 0.17%~0.50% ) ( ¥
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24 TEFHSEREVBZFAKMSHEERNERX

XE

TSR S A R R A (F5), &
3 pH A1 BD 5 SOC, TN, C/N. AN, AP, AK,
NH,-N il NO,-N & 5 i 6. IR iEvs
H1 Chaol FIFEAFHES SOC, TN, C/N, AN, AP,
AK. NH,-N I NO,-N i B FEME, 51
pH 5 BD 2 B EFAHC, T ERBFE h A RIEE
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7% % W '] ( Planctomycetota ) FI #l ¥ B []
( Bacteroidota ) ¥J5 SOC., TN, C/N. AN, AP,
AK Fl NO;-N FaR2RFIEMIK; LRI
( Actinobacteria ) FI/EEEE ] ( Firmicutes ) ¥ 5+
B pH Ml BD &k B FEMXIX,; ZBIREI]
( Proteobacteria ) . %% %5 I [] ( Chloroflexi ) #l
Methylomirabilota 15 43¢ pH 5 I 3% 1EAH G 5 i 4k i
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["J( Actinobacteria )F1JEBE [ | ]( Firmicutes )5 SOC .
TN. C/N. AN, AP, AK. NH,-N I NO;-N % &
TR ; 2925 J( Chloroflexi )l Methylomirabilota
5 SOC., TN, C/N, AK Il NO,-N #5552 7iH
X FEHJEET] ( Gemmatimonadota ). R AT F 1]

. . N5 o e N
( Acidobacteria ), {721 ] ( Planctomycetota ) FI4l
a
) 100 I 75J% (] Proteobacteria
[ iltZRTA (] Actinobacteriota
X [ 207417 Gemmatimonadota
) [ @74 ] Acidobacteriota
2 80r £ 5757 Chloroflexi
< [ Methylomirabilota
= [ #5£K1# (] Myxococcota
=2 [ 7777 ( ] Planctomycetota
€ 60f 1 JKET ] Firmicutes
o [ 4UFFTA( ] Bacteroidota
Z [ JLfh Others
E
o] L
2 40
=
= 201
m
=
0="\PK —NPK+OM, NPK+OM, NPK+OM,,
)
100r T4EH] Ascomycota
{HT14(7] Basidiomycota
NS || Mortierellomycota
5} L 47717 Chytridiomycota
g 80 i
2 B[] Mucoromycota
S FRPETHTI] Glomeromycota
= WTAETH ] Aphelidiomycota
2 60} | w2741 Rozellomycota
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2 JE&Ah Others
= .
< £ as
E 40+ i
Z30
L 20}
< i
Z b
0 F 00CNPK NPK+ NPK+ NPK+
o OM:

NPK

NPK+OM; NPK+OM,; NPK+OM,, st Ferslizer treatment

FFET] ( Bacteroidota ) 5 3% pH &2 1 # FAH;
ASJE 1] ( Proteobacteria ) 5 SOC, TN, C/N, AN,
AP Fl AK i 5 B F 0AH5C (1] 5a).

HH [ J/K¥ I, Mortierellomycota 5 SOC ., AN,
C/N. AN, AP, AK. NH,-N Fll NO,-N % 4% i
FIEMXK, 513 pH 2R EFE AL (K 5b),

=
—_
(=
(=]

I KD4-96

[ vicinamibacteraceae

[ #eRFT S Rokubacteriales
80 [ S0134 _terrestrial _group
[ rB41

[ JG30-KF-CM45

[ MND1
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[ H:Ath Others

60

40
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X Relatlve abundance/%

NPK  NPK+OM, NPK+OM, NPK+OM,,

(=%
=

100 I T s Penicillium
I KAt g Cladosporium
[ i Aspergillus
[ wardomyces

[ Jk# i Botryotrichum
[ Tt 5 T s Acremonium
[ (e T ) Pseudeurotium
[ ¥k s 7alaromyces
[ et Fusarium
[T Preussia
[0 H:Alh Others

80

60

40

20

FHXTF ¥ Relatlve abundance/%

NPK
JitARALER Fertilizer treatment

NPK-+OM, NPK+OM, NPK+OM,,

F: B oo F AR BRI B AT FEEER (BRF2EE 140 ). Note: The bottom right image of Fig. ¢ shows an enlarged

version of the relative abundance of fungal ( except Ascomycota ) .

Pl 4 ARDEACA T 0 L 3EA0TE (a, b) FIEE (¢, d) BEETIFIBAFAN F 5

Fig. 4 Relative abundance of soil bacterial (a, b) and fungal (¢, d) communities at phylum and genuslevel under different fertilization

treatments

2.5 HEREHVEITES IR

Bt AT AL XS + 3 2 ThRe A B W, B
AAUERE AR AN, HRELTReM: B E R (&6 ).
AT NPK AbFH, NPK+OM; 4b B 445 Z Thfie bk i
FRET 165% (P<0.05), XEm HHEZ e A
U RZM , AR A AR, A2 DLk 3 P 42
HE BB ; NPK+OMg . NPK+OM;, 4k B 5
NPK Ab#AH L 3L Difg e W 88 & T 241%.
293% ( P<0.05), H WIERLN, Al $EEY) A =2
IS A S P A M AR s Te), dERREY £

FEVE (D 6),
3 3 @

3.1 REFNEX LEFRSHFIE

FIEFE SRV A ) AR AR AR
ARFFRB, HHA PR (SOC) & HEBEA HLUEH
OO E K o, BDfE AR & A HLAE b B
(3000 kg-hm ) [ SOC &t @ EH i (& 1),
TETRIXEEMAH T, SOC Ay REUERAL . i A
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& Fo S
& S

’?&\Y’Q’; LA S O
SRR
SR

K5 LHESRSHE (a) FMEE (b) FEEAURMEAEERHIDCE R

Fig. 5 Correlation of soil nutrients with bacterial ( a) and fungal (b) community composition and diversity
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+ 1L ifgt Soil multifunctionality
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K6 AT i 138 2 Dhrg ik
Fig. 6 Soil multifunctionality under different fertilization
treatments

SOC Zy#kw4k, T EmAHILER, K
HUAE IS A 480, HERERR R (B it 1) A ALAE
Fe 4k SOC WIRCR ) B o LAJitE Ak AT Ak 2554 of B
Jit R A HLIE AL BE (3 000~6 000 kg-hm ™) BAfi;
A MLl SOC MIRCR & m A LR 1.3 f5~
2.1 % (A 1). AHLAEREA— 7 1 n] B2 in 4 4
Fi SOC; 53— J7 I AT AR HEAE R4 M, 38 m A
YA BEA, DT E SOC (AR,
WA AR KB, Tt A HLIE S SOC 3 i
JERT TN, el O/N B, AR@eE (K1) 5
Z—3, THE C/N BHA NI T ) i H A
v, HAE A P FE P R el e B R R 2
t, NI ELA B e A A 0 U KR g R,
AHUER AT TR & i, HARRER it
R, ARBFIREE R (B 1) RS2 —8 A
i, A NUIES AP, AK Fll NOy-N & &2 i 3
Ham (E ), TR REA LR A S S80S R T
B, RS T RHE pH, bR T R HESR S 00 AL
BmE T EERS SR, HAVUAERES A ok 75 1 4
SRSy, AR R e L B I, AT 4R T
T I R R
32 REFHIE T IERAWEE SHEMER

=g

R A W) 2R S 4 2 T R P I G s
R0 IR 58 A ALAR IE FH K T4 F 6 000
kg-hm 2 I}, 40 #EVE Chaol FIT 4550 M BLIH fE %
FrRAGECD E L, FLGR T AR R A 25 bk
(& 2 Al 3a), X ATRES 2R 25 B SR AR
EWARSG, T HE LS A D 7R AR

AHLE L, PSR B R R
PIVER, WO SRR, It E B SRR AR
AU, IR IS AL R R o i ThRe . et
s A NS g, BEE A ALUIE I & 038,
THEFR AR, SR T A TS, RS T
REXf R e, WUEMIRETS o BE R 2R I, 45
i 22 S PR Y it FH A MLAR RCAS T -4 pHO &1 1),
R RIE T IR H WAL, R 2R
KA, TR I Z Thie v A R g . A
5% 2 M 1€ SOC. AN, AP, AK il NO,-N &
5B Chaol AT B B v B A 4R
R R EIEMCOCR, M5 AR Chaol 54K
MM (B 5), R EMEREN 5 B
M ZREVEE S Z A HLAERY S . Siles 5%
W, SEFEML, WEERSTERL . BIRERN
ISR EAR B0 g b SR

T#EH ] ( Ascomycota ) S Pk B FRAE
ZF ¥ B 1] ( Gemmatimonadota ) . R AT B ]
( Acidobacteria ) FIZ¢Z R[] ( Chloroflexi ) f&18 /4
RISEE SR AHE; M E ] ( Actinobacteria ) 7] fE
A EEFRMEEFRRBED, RE5h, B L
JEAL BRI 4R T 2F UM PR ] ( Gemmatimonadota )
FIRRFFIE ] ( Acidobacteria ) (AHXT FEHE, FEAK T
28] ( Actinobacteria ) FIZEZ R[] ( Chloroflexi )
AT R (B 4), X5 Li YR BF T 45 A I
AT & BRI 15 000 kg-hm > A9 HLAL AT 38 1 & 8
FRAERFRARXS 1, BRIRSEE TR AR 1
WA RN, WHGEIE N PR & T
AR R -5, Y4t A LIE BE A8 1S N FR AT R
TR AT SRR AT RE R R A T AP — S
(Bl R B ) feie o iR i ) & i fb &4 (o
ATRE | 4R ), HICERI S5 RIS 4
12, Calleja-Cervantes ZEPHF5Y R HIT 15
TIEA LR GARDE, AU S e A
FEEFALATREA R T HIEA LT B 2R
FTRIPRAT B ] 5 148 pH 2 HAEC (K S), A
PUIBKEAR T 3 pH, 2728 T RIEFRI 2 (K 1),
MCE T IAE AR AREE, SRR T RUEY R AR
KA, RN F R R RRAT ]
J& TR, HFREME HE pH TREMAE. 8
IKF I, Vicinamibacteraceae 1 RB41 J& TERFT
I"J, S0134 terrestrial group J& T2FHMIEE], ME
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A HLIE it FH St A 38 hn AR X = B b =z g v, T
KD4-96 J& TERIE ], AT 32 B S5 4R v TR 1 AH
(F4), RUIARIA DU & 54 s 45
FETE— € B AR U i 22 S

FLAREVE T4 081T ( Ascomycota ) FHXS 4
&K (E4), RERNRZEFRETHEAHRE,
T WA 2 A AR AT TR L, it
MLIE B AR T F % W & ( Penicillium ) F1 i 5
(Aspergillus ) WIAHXTEBE (& 4), AIREREP A H %
WM& E T FRE], AN &M
BT VAR F2 Bl D, w T RN AR
FEBLREZ 9870, (R A 3 2 L AN A B AR AR T 5 Y
e A, BT LIAEXT 3 BEREAIR

TR OO PR EE A - 1 AR A T R BURR, ABESE
2 Hf B 1] ( Gemmatimonadota ) . 2 T T []
( Acidobacteria ). ##%: %/ ] ( Planctomycetota ), Il
FF#] ( Bacteroidota ) fil Mortierellomycota 45 13
SOC., TN, C/N, AN, AP, AK fil NO,-N &t & 1F
MEKER, 5 pH BRAMHLLER, MABEEI]
( Proteobacteria ). JitZk# ] ( Actinobacteria ). 425
B ] ( Chloroflexi ). J& B2 ] ( Firmicutes ) Al
Methylomirabilota 5 Z A (&l 5), HgH A fHEZ
AN [EAE MU i 2% T3R5 AR B2 AN 6], fifids
AL PR S A I AR L A S AR AR Y
33 REFVEX TES IR

KRHEMETAREBRG I 2 TR
i, A PUIERE S 3G 0 - A= W) ZREVE DL SRS
Faufie, X 5 AL AT 50 DA
BB SN A A SR B0 it A 3 i i
YA T3 o T 2 T ek, Wi Z (A B
FHRICR, W HIERUEY Z AR T L2 )
REVE MK . Hu ZPURF ST 0T, it FH A HLAE 2% 41
T RZBAES RGN —TI6e, X HIEZYhaerE
PR T RGN . SR, FESRINAR X, AL E
G, A, S EA VUSRS L N
FHAET MERE R Afgeh, AHUERHE S 3 000
kg-hm > i 22 21 6P AR 4 1050t fh FIE Ak 2 48 35 35
HWMA VLIRS (6 000 kg'hm?) +IHELIREME
KR s (1 6), BEHTEHT 6 000 kg-hm > (75 4L
NEE AR T - BE L2 D REMEMK S, T RE &3 it A HLIE
{75 1 SR A W VR SR Al HE T R TR 1Y
DIGeHK &, BROSHRE = A A R G R e & I S A ) G

WHOR R R 2 TR, SR AEAT ALIE it
R 12 000 kg-hm > B4 Yk 3% 22 F 254 T e
JEABEAL (B 6), ZsIZe sl gk,

4 4 g

AR5 2% BH Bt 45 AT ALIE G A BG4 H
FHEFRIy | AR 2R DL K 2 T e
Bt 34m . i 3 000 kg-hm > A HLAE B it A A f b
H, +3 SOC., TN, AP, AK fll NO;-N &g &
P, ANEAH BRI LSRRG, R TR W BRI AL
W T LI TReE. Wik, G&8%ETE
XA PR IR AR A SO0, 1T 38 RS K it
FHAHLIE (3 000~6 000 kg-hm ™) H5iti, JCimiF4
F TR IX g H 32 G I8 M - 2 Thfg k.

S %Wk ( References )

[1] LiuLZ, GuoBQ, WangF, et al. Effects of long-term
nitrogen application on the soil ammonifier and nitrogen
mineralization[J]. Acta Pedologica Sinica, 2025, 62( 2 ):
DOI: 10.11766/trxb202310310445. [XIR 2, ZBvKiE,
EAF, A KM A s A AN T AR A
M [J]. -3¢~ 4R , 2025, 62 (2): DOI: 10.11766/trxb
202310310445.]

[2] Tang S, Ma Q X, Marsden K A, et al. Microbial
community succession in soil is mainly driven by carbon
and nitrogen contents rather than phosphorus and sulphur
contents[J]. Soil Biology and Biochemistry, 2023, 180:
109019.

[ 3] Thakur M P, Geisen S. Trophic regulations of the soil
microbiome[J]. Trends in Microbiology, 2019, 27 (9):
771—780.

[4] ChenGX, WuCF, GeTD, et al. Response of soil
multifunctionality to reduced microbial diversity[J].
Environmental Science, 2022, 43( 11 ): 5274—5285. [Bf
Rl RAEk, WKk, 5. RIEZUREHENMAEY £
PR A AR g 2 (0] BRBERL %, 2022, 43 (11):
5274—5285.]

[ 5] Miao YL, Liang F, XieJ, et al. Effects of Long-term
organic fertilizer instead of chemical fertilizer on organic
carbon stability of paddy soil[J]. Acta Pedologica Sinica,
2023, 60(2): 512—522. [BEH, BF, #WE, % K
A UL B A AL I X 7K e A BILBR AR 2 1 1 52 i (],
3R, 2023, 60 (2): 512—522.]

[ 6] WanglJW, Zhang GY, YuC Q. A meta-analysis of the
effects of organic and inorganic fertilizers on the soil
microbial community[J]. Journal of Resources and
Ecology, 2020, 11 (3): 298—303.

http://pedologica.issas.ac.cn



1070 + o IR 62 &

[ 7] LiW]J. Effects of different amounts of organic fertilizers [ 17 ] CaoYF, LiuQF, LiuK, etal. The effects of long-term
on soil microbiota[J]. Journal of Central China different fertilization on carbon and nitrogen content in
Agricultural University, 1989, 29 (S1): 140—142.[Z Lou soil[J]. Agricultural Research in the Arid Areas,
AL ST A HILIE X - S 2R A X R Y 5 0 ], 2010, 28 (2): 187—190. [ &k, XK, X5, 4.
Aol K228 0], 1989, 29 (S1): 140—142.] KA [ A %) e U B R (], T 5 M ROl

[ 8 ] Yang W R. Effect of long-term application of bio-organic 5%, 2010, 28 (2): 187—190.]
fertilizer on soil biological characteristics[D]. Beijing: [ 18 ] Cotrufo M F,Ranalli M G,Haddix M L, et al. Soil carbon
China Agricultural University, 2004. [FH3CHE. K W15t storage informed by particulate and mineral-associated
WA AR ST 3 AR W2 R e B 52 T 58 [D]. db &L . organic matter[J]. Nature Geoscience, 2019, 12 (12):
T ERAE RS, 2004.] 989—994.

[ 9] Wang XS, Wang N, Du Y, et al. Effects of organic [ 19 ] Cao XY, Tan C Y, Yang J, et al. Effects of organic
fertilizers on organic matter fractions and microbial material on farmland soil fertility and Cd availability[J].
community structure of tobacco-planted soils in Yuxi[J]. Soils, 2024, 56 (2): 367—374. [ EH=, WKE, B
China Agricultural Science and Technology Bulletin, 13,55, A HLPRRT A 4 A0 T B R Rk B s ma ).
2024, 26 (8): 201—212.[F MW, T, 5, % + 3, 2024, 56 (2): 367—374.]

ML R T 3 AR AN A S AT B ST 2 G R A ) TR 4 [ 20 ] DongZH, Zhang J H, He J, et al. Soil microbial network
MBI, P EL R S, 2024, 26 (8): complexity predicts ecosystem multifunctionality for
201—212.] afforestation and restoration in the Loess Plateau[J].Acta

[ 10 ] XuBX, ChenYS, Chen M J, et al. Research status and Ecologica Sinica, 2024, 44 (6 ): 2544—2560.[# B 7,
development trend of organic fertilizer spreading SRE LD, T, . IR YN GE 2 O E
equipment for field crops in China[J]. Journal of Chinese MK E ARG Z RN B, 2024, 44
Agricultural Mechanization, 2022, 43 ( 12): 20—25.[iF (6): 2544—2560.]

SRR, BRokA, BRI, 4. R ERBEEYA VUCHGE [ 21 ] WenXL, MaYL, ZhoulJ X, et al. Effects of combined
A LW PUR B & R I]. P E AR, 2022, application of organic manure and inorganic fertilizer on
43 (112): 20—25.] structure and diversity of microbial community in

[ 11 ] Bao S D. Soil and agricultural chemistry analysis[M]. 3rd tobacco-growing soil[J]. Soils, 2023, 55(4 ): 804—3811.
ed. Beijing: China Agriculture Press, 2000. [fifl-{: H. + [EJEHE, SRR, FR%E, & EAE A YL E
LA HTIMI. 3 B dbat: s EOl kL, 2000.] TEALNE X AR AR - ST A= ) 1 25 4 0 22 R A S T ],

[ 12 ] GuMY, TangG M, Zhang Y S, et al. Effects of organic 43, 2023, 55 (4): 804—811.]
fertilizer and biochar on microbial community [ 22 ] SilesJ A, Vera A, Diaz-Lopez M, et al. Land-use- and
characteristics of saline sandy soil in Xinjiang[J]. Journal climate-mediated variations in soil bacterial and fungal
of Ecology and Environment, 2023, 32 ( 8 ): biomass across Europe and their driving factors[J].
1392—1404.[JIETE, JEIaA, k=fF, &5 AHIES Geoderma, 2023, 434: 116474.

A R R S D A T R AR R T R 1 5 D], [ 23 ] Yang Y, Chen X, Liu L, et al. Nitrogen fertilization
AW, 2023, 32 (8): 1392—1404.] weakens the linkage between soil carbon and microbial

[ 13 ] Yokono M, Satoh S, Tanaka A. Comparative analyses of diversity : A global meta-analysis[J]. Global Change
whole-genome  protein  sequences from multiple Biology, 2022, 28 (21): 6446—6461.
organisms[J]. Scientific Reports, 2018, 8 (1): 6800. [24 ] LiGC, NiuWQ, MalL, etal Legacy effects of wheat

[ 14 ] Nilsson R H, Larsson K H, Taylor A F S, et al. The season organic fertilizer addition on microbial
UNITE database for molecular identification of fungi: co-occurrence networks, soil function, and yield of the
Handling dark taxa and parallel taxonomic subsequent maize season in a wheat-maize rotation
classifications[J]. Nucleic Acids Research, 2019, 47 system[J]. Journal of Environmental Management, 2023,
(D1): D259—D264. 347: 119160.

[ 15 ] Wang X, Zhang Q, Zhang Z J, et al. Decreased soil [ 25 ] RenJH, Liu XL, Yang W P, et al. Rhizosphere soil
multifunctionality is associated with altered microbial properties, microbial community, and enzyme activities:
network properties under precipitation reduction in a Short-term responses to partial substitution of chemical
semiarid grassland[J]. IMeta, 2023, 2 (2): el06. fertilizer ~with  organic  manure[J]. Journal of

[ 16 ] LiB, SongH, Cao W, etal. Responses of soil organic Environmental Management, 2021, 299: 113650.
carbon stock to animal manure application: A new global [ 26 ] Yang Y, Dou Y, Wang B, et al. Deciphering factors
synthesis integrating the impacts of agricultural driving soil microbial life-history strategies in restored
managements and environmental conditions[J]. Global grasslands[J]. iMeta, 2023, 2 (1): e66.

Change Biology, 2021, 27 (20): 5356—5367. [ 27 ] Calleja-Cervantes M E Menéndez S ,

http://pedologica.issas.ac.cn



4 34

EOUKEE FREUREA VUL S AL BT S A H - L T F Z2 D et

1071

[ 29 ]

Fernandez-Gonzalez A J, et al. Changes in soil nutrient
content and bacterial community after 12 years of organic
amendment application to a vineyard: Compost changes
soil’s mineral content and microbial
European Journal of Soil Science, 2015, 66 (4 ):
802—812.

Yang Y, QiuK Y, Xie Y Z, et al. Geographical, climatic,

community[J].

and soil factors control the altitudinal pattern of
rhizosphere microbial diversity and its driving effect on
root zone soil multifunctionality in mountain
ecosystems[J]. Science of the Total Environment, 2023,
904: 166932.

Li K, Sun T, Sun T, et al. Effects of chicken manure
organic fertilizer on the structural diversity of soil

microbial communities in Brassica napus[J]. Journal of

[ 30 ]

[ 31]

Agricultural and Environmental Sciences, 2020, 39( 10 ):
2316—2324.[Z0], IME, MG, 5. S IEA LT
X AR /0N H1 S - 98 1 A ) A TR 5 R 22 R B S I [T,
LN IATERL A 244, 2020, 39 (10): 2316—2324.]

Li Q S, Yang K, Wang Z P, et al. Effects of organic
substitution on soil extracellular enzyme activity and
multi-functionality in rice-rapeseed rotation system[J].
Journal of Soil and Water Conservation, 2021, 35 (2):
345352, 360. [Z=H M, o, EEM, & fE-mie
YER A LR AR 3 3 i A1 B 1 e 22 D RE 1 4 S R [T,
KRR, 2021, 35 (2): 345—352, 360.]
Hu W, Zhang Y P, Rong X M, et al. Biochar and organic
fertilizer applications enhance soil functional microbial
abundance and
Biochar, 2024, 6 (1): 3.

agroecosystem multifunctionality[J].

(REHE: HRA)

http://pedologica.issas.ac.cn



