+ B
Acta Pedologica Sinica

DOI: 10.11766/trxb202303010086

AR, M, BREB, P, EEE, AR, B RS A NUCHULECHE R L B AR BN B R D). b3
24, 2024,

GUO Wei, ZHOU Yunpeng, CHEN Meiqi, LI Dandan, WANG Qingxia, ZHOU Tantan, ZHAO Bingzi. Effects of Combined Application

of Straw and Organic-inorganic Fertilizers on Key Microorganisms and Wheat Yield in Fluvo-aquic Soil[J]. Acta Pedologica Sinica, 2024,

AT S BT YL AR EC e XT 8 £ X IRRE 4Y
SUNE ai-1: 0

WO, AEB, WER 2 EAA, IHE Y Ais
2, R 1t

(1. LR R E R H Teie s ChER B ol LR, Bal 210008; 2. FEFFAFERY:, 65 1000495
3. PERHERRFEE B, R 211135)

o E: R SRS S SR T AR R S5 R AE IR A BAE R DG R XA 5N
PRI R HATE R AKFE 7 K AR, RIS ANEARAEE: AHAIEHREFT B (NOS0). At
FEIE+FEATIE M (NOS). #MMALIE+FEFTEI M (NS0). H ML IE+FEFFHER (NS) Ak JE+F5FFE
HRGFEEAR 20%FUE (NSMD, BIF 78 A [t IE 7 ke 200 - 3 T P I D9 4 Pp Rl A= D 2L B ), DA B R AR A
MS/NEPFBIAIMARK R, 48KV, 5 N0SO AFAILL, NSO. NS Al NSM AL 1)/ N PR = 8 5]
2T 539.20%. 611.56%F1 676.56%, i NOS AbHEIC 5 E AR Ak . 211 B FH L I VR 2H A3 T 40 B B AN 3
41, 73509 NOSO+NOS. NSO DL K NS+NSM,  RIGlCA: v 2H A 2 15 it F A IE 22 1) 2 35 AN T A 1) it
BRI, EREAEAAENYE 2 W EEARF . K EZEHEIRHT, 5805 F AL B4 b VA 451
AN B A R A (AP). LSRR (EC). MUAEWAMESR (MBN). HIEHHLEE (SOC).
SN WL (ROC) AR HLBK (POC), 53U A b 3 BT B T4 45 A4 AR A 1) 2 22 L3 B4 PR 2 EC
MBN. ROC. POC. AP #1 SOC. 4 -HEILIM K, PRI (B 1 AR 4) HhE -84
HRZFZER K . NSHNSM ALBRERTH TR 4 rh 5/ & IEAR RS8R R IRIEJ®  (Nocardioides) 4T 45
W8 (Cellulomonas) Pird_lineage. &1 T8 (Chrysosporium). TLZEEHE (Acaulium) FHTH B
(Schizothecium) <547 % B ARXT £ JE, CATR] FRARLT4E RANA R 2 L (R0 %23 F ARG R sl Jid v A
£ HEEFRC TS 5N R SR E EEEE (Stachybotrys) TLEOFEME (Achroiostachys)
H Fusicolla BIAXSFELE, EATAAR T L fl BEAEY A KR E B . B, AIERCHERSFF A A e
BC RS ARG R T SC B 28 AR M B0 0 B i TR L /b, RSB AE M M Th e AN AR X = B Nz =l LR
AR

XBEIA): RATLE; AL, ISR, CRRE: NER

FESES: S154.36 N REE: A

* EFXHRBFIEETH (41977102) P EFEEGE M ESE PR L IUES (XDA24020104-2) Al E IR Ll 1%
RAKZITEH (CARS-03) JL[F% B Supported by the National Natural Science Foundation of China (No.41977102), the
“Strategic Priority Research Program” of the Chinese Academy of Sciences (No.XDA24020104-2), and the Modern Agriculture
Research System of MOF and MARA, China (No.CARS-03)

t WHAEH Corresponding author, E-mail: bzhao@issas.ac.cn
fEZ IS 2 M (1992—), 5, WACEMN, BEH e, R NG LI LAY FL . E-mail: wguo@issas.ac.cn
Wk H#A: 2023-03-01: IREIE SR HH: 2023-07-14; WSS R HM (www.enkinet):

http://pedologica.issas.ac.cn



+ B
Acta Pedologica Sinica

Effects of Combined Application of Straw and Organic-inorganic Fertilizers on
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Abstract: [Objective] The combined application of crop straw with chemical fertilizers and chicken manure can
change soil microbial community structure and the interaction between microorganisms. However, whether there is
a correlation between these changes and wheat yield remains unclear. [Method] A 7-year field experiment was used
as the research platform, and this included five management strategies: (1) NOSO: no fertilizer or crop straw returning,
(2) NOS: crop straw returning, (3) NSO: traditional chemical fertilization, (4) NS: crop straw returning with chemical
fertilizer, and (5) NSM: crop straw returning with chemical fertilizer and the nitrogen was substituted 20% by
chicken manure. The effects of different management strategies on microbial community composition in bacterial-
fungal co-occurrence networks and the correlation between key microorganisms and wheat yield were studied.
[Result] The results showed that compared with NOSO treatment, the grain yield of wheat under NSO, NS and
NSM treatments increased by 539.20%, 611.56% and 676.56%, respectively, while there was no significant change
under NOS treatment. The bacterial and fungal community compositions were divided into three significantly
different groups: NOSO and NOS, NSO, and NS and NSM, respectively, indicating that the microbial community
composition was significantly different with or without chemical fertilizer application. Under both chemical fertilizer
applications, there was a significant difference in whether organic materials were applied. Ranked from high to low
importance, we found that available phosphorus, electrical conductivity, microbial biomass nitrogen, soil organic
carbon, readily oxidizable organic carbon, and particulate organic carbon were the main soil physicochemical
properties that caused the changes in bacterial community composition under different treatments. Also, electrical
conductivity, microbial biomass nitrogen, readily oxidizable organic carbon, particulate organic carbon, available
phosphorus, and soil organic carbon were the main soil physicochemical properties that caused the changes in fungal
community composition under different treatments. In the bacterial-fungal co-occurrence network, two key modules
(module 1 and module 4) were significantly correlated with wheat yield changes. NS+NSM treatments increased the
relative abundance of beneficial microorganisms in module 4, including Nocardioides, Cellulomonas, Pir4_lineage,
Chrysosporium, Acaulium, and Schizothecium, which were positively correlated with wheat yield. These beneficial
microorganisms could degrade cellulose and lignin, promote nutrient conversion and recycling, or inhibit the growth
of the potential pathogen. NS+NSM treatments also significantly reduced the relative abundance of plant pathogenic
fungi in module 1, including Stachybotrys, Achroiostachys, and Fusicolla, which were negatively correlated with
wheat yield and were detrimental to soil health and crop growth. [ Conclusion] Therefore, crop straw returning with
chemical fertilizer and crop straw returning with chemical fertilizer and chicken manure were beneficial to the
increase of key beneficial microorganisms and the decrease of pathogenic fungi. The function and the relative
abundance of key microorganisms had effects on wheat yield.
Key words: Straw returning; Organic fertilizer; Bacterial-fungal co-occurrence network; Key microorganisms;

Wheat yield
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NIRRT M IRA HUBR R IR 3B A B A0 L e s A i R A5 21, BRI,
ST HED P B I B T UIE AR RZ R A AT R A R AF 7T AR B

TEMREAT S AR BEMEEEIR TR, URALER. LA R. KRR, EEFAHK
WEDEAHAETE. B - MEZRAHTE, 55 ARMZMIEYE KT
HE TR, PR A R & b TR R R S, EAARCREIR. 2%
W1, AN S AEAT RN/ S NI A it R 2 R 3 R Rft i, A LR 20 R A 21 & 2
A 3l B AR AL T A3 R A AL Y B, FIE 3 n R 3857 70 1R i IR ML &5
o3 IR AR R OROK I DL RN s i A4 05 2K, SR HIRAR AR B . i Ma 4%
B FER B, AR B WS EAAREO T, HALAC ISR AL B O e AL AL B X 1
Y= BTt

T IR R IR AR AR GUH A B G g s AN [ A B e AR A A
FRIRBL T2 S E VDRIV 2 RN 2 AR PEL), BTG B TE L, REATIE F SR 2 70 fi
BIR CAPEPEA AL (DOC). A ERR (MBC). BRAHLER (POC) 5 E AL
ik (ROC) 75) & HIERUENIN B ZREERIF, W] SRR 40, TRV
SHEVIR A A B BRI R , 9)n— SERE V REvs fedt L IIR 3 A, A K ag
TR BANBERE TR BERE ;s ARG E VIR LIRS AR 38 Fr 2R — 2
AN AR DL SR E M RENE IR S i A IR i B (1 AT AR, ARl
BB RGP SR 1 AR I R B E SR TR B 2 B 7 58 3 0V

TSR A AR I A A RS, R o0 i n] SR SRR 2 IR A R AE IR R
M HEZAF D, FFARB S EY A ISR O B R B A PSR AR 01, [ 2% r RS R A2 AR T A B
AL H BA SR EAE R REINES, AR, BN I ZE R BV ERETE 451
AN RE A ARG oA SRBEA T U1 AR AN R AL 7 Oxt H i A 3 AR AR S S 13 AT
%

AT 7T VA B ELAE T R R R TR ORI 7T &, WEFT 5 it A Ak 2 A 4 1 A
BRIV 5 /N 227 B ) AR S CASYTR A RS AT Pic it P RIS AT 34 Xt~ SR 400 B R T R 45 4
(IS, IR /N2 7 B BN R A T, DLRIR FE RS A e i /N e P B A
B

1P Ty

1.1 R XER

TRIGHAL TR 24 W7 2 i1 e B rh R e Fe ol AR 2 S50 5 (35°01'N, 114°24'E ).
X SR T R R BRI T 2R K%, IR 13.9°C, FMEWE 615 mm, HKE
271875 mm, 24 H BN % 2 300 ~2 500 he HIFERACNE R A KR & R U8 £,
BHZ L3R AR MR i -
1.2 ¥t

KHE ARG T 2012 4F 10 H, WE 5 M3 ARifuE+RFE - (N0S0). ANt
FEIE+AEFRIR T (NOS) 3 FURAL AE+FEFF I EH (NSO HUi AL AE+FEATIEH (NS) Al
B+ AEFFIE ARG AR 20% %8 (NSMD, BEAMEE R 3 ANER . Z/NXHM 3 m? (2m
X1.5 m), RE/NXFEHL AR KR ITLERT, T3 (0 ~ 20 em) FEREEILIETCY: pH
9.14, HIFEHHLE (SOM) 547 g'kg', &F (TN) 031gkg!, £ (TP) 0.81 gkg', &
BiO(TK) 1296 g-kg!, AR (NOs-N) 4.39mgkg!, 4A&% (NH4-N) 1.66 mgkg!, A
W (AP) 17.84 mgkg'.
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VEVIRIE 7 OV E EARFIENZZRAE, FOKMBI AL 958, /a2 iAoy AR KEST 58
NOS. NS I NSM AEHUAEFE A K 2N X b — AW SGR R AT R R 5 4 e, NOSO Al
NSO &b FRAEAEYIGR Jo 12N XAVED 3B B 70 4 B RS B

NSO. NS 1 NSM 4bBEAE/ N ZR R EARTE A : ZUIE (ND 250.0 kg-hm2, BEAE (P,0s)
160.0 kg-hm?2, #fAE (K,0) 105.0kg-hm?; & T KM AEAREA: ZAE (ND 210.0 kg-hm
2, AR (P20s) 134.4kg-hm?2. 8 (Ko0) 88.2kg-hm?2. B ALANEH JEAE 5 25 it A v 1) g
. BNELENZEZE 60% AFEHE, HR 40% T REHIENBIEHA : 7£ K3 40% 95,
HR 60% T KWW\ HE B AEIEH . /NEFMEARF I IEEINIRER (5 N 46.0%).
PR %% (5 P20542.0%) FIBHERHT (& Ko052.0%). MZEHEALH, NSM Ab3jit F It R 3=
TR AN AARE 80%, AR 20% M3 XSS EAR,  FOR i AE A ALt A bR o v 2 it
AGFEP POs M KO S8 Ja, A0 I BEIR — A AAm R A+ 78 LAIA 2Tt FH Am vt s XS 34 9 R AT
Jiti FH o
1.3 #H#mRESNE

TEERES T 2019 4 6 H/ANEWGRERE . (LAY S BERFEEREFN/NX 0 ~
20cm B, WA, 0 KT T AR U e, — A R T
-20 °CH Fll5z -3 DOC. "¥EMEAHLE (DON). MBC A4 EE (MBN), —#
73 PRAFF-80 °CHI T -3 DNA $2HL.

pH. M5 (EC). HIEAHL (SOC). Mf#E (AHN). AP RN (AK) KHH
MOTEIIE, DOC. DON KA Multi C/N 73 #4% (Analytik Jena, Multi 3100, =) il
5E; MBC Al MBN KA &7 EAQENIE ;. ROC R SRR H AL E ;. POC RH
Cambardella F1 Elliott!SIff) /7 i3 5 .

1.4 T DNA REISSBENF

3% DNA 1 F§ Fast DNA Spin Kit for Soil (MP Biomedicals, SantaAna, CA, ZE[E) ik
FlE, MR UL P ER A 0.50 g i+ R EL . {8 NanoDrop ND-1000 73/ Y611 (Thermo
Fisher Scientific, Waltham, MA, 3E[E) & DNA 2ifEFRE . 438 514 515F (57 -
GTGCCAGCMGCCGCGGTAA-3" ) /907R (5’ - CCGTCAATTCMTTTRAGTTT-3'" ) Al
ITS5F ( 5 ' - GGAAGTAAAAGTCGTAACAAGG-3 ' ) /TSIR C 5~ -
GCTGCGTTCTTCATCGATGC-3" ) #EATANFME R PCR §1#. PCR § ¥ Vazyme
VAHTSTM DNA Clean Beads (Vazyme, H[E) #H{T4li4k. FAENH) PCR ¥ 8955 B RIE A
J&, f#H Illumina MiSeq “F- 5 /] MiSeq Reagent Kit v3 Ml AT H) 04T (B4T IR
WEMBHE AN A R A A E) . 1 QIIME 2 (2019.4) ALFEM FH4E, 1 demux
Xt R UG 7 AR EATREA YR 47, SRJG M cutadapt A VIBR 5140, 14 H DADA2 4 fFx £dh
BEAT M PR LRI G, ZERT TSI R (ASVs) #EHATEHLX, JEH fasttree 2
M RG KB W . K Blast 7775 H Greengenes A1 UNITE $4i 22 43 1) o 4 B Al L B VE % o
1.5 HIELLIE

fi FH SPSS 26.0 HA-F IR 25 2431 (ANOVA) Fll Duncan % 5 FLE T AN [F] Ab 3L (6]
IR BT N FERPRL R AHTE A L AT K AR R B L 20 R - L R A 9% v A
B B DL e S AR HUR F B AR FBE 2 . 8T R 4.2.2 BRI vegan BLEEAT FALFR 4
M1 (principal coordinate analysis, PCoA). HLEX} 43 #T (canonical correspondence analysis,
CCA). JU&R%HT (redundancy analysis, RDA) Fl a ZFEHFRET; M BEHRZ T E D
M1 (permutational multivariate analysis of variance, PERMANOVA) #| K7 A [7] Ab B 1] 4= 3 41 B
MR B REVR S I 2 5, 8 2R R 7% B 0K 58 (Monte Carlo permutation test, 999 permutatio-
ns) X 5 M) - 3P A B R I TR A 9 4 A 1) L SR BNV B AT B AR S . A R 4.2.2 A
Hmisc £ HEAT 240 18 - 32 8 L300 28 1 A2 ) R I DA I 2 A ) 73, 8] Gephi 0.9.7 1A
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G2 ) 200 BT - B TR SR TR DR 2 1R o I AR TR - B R O 4% 2 A A TR R LR 1 R S
{81 H SPSS 26.0 F A0 B Rt F REHEATRMEML, TH Z P BEREYUEX F . 7T
LM 1Rl AR 43 17 400 B - B L IR P 246 v 2 B R A N = B S5 /N PR B G R THE
B2 A4 JE AT NS == FE AN e A I T 5 /N K PRL ™ B 1) B R Bk (Pearson) A &AL (P
<0.05) J&, f#H Cytoscape 3.9.1 AL IR K RE . HRG 158K Microsoft Excel
2019, R 4.2.2 1 Origin 2021 % HEAT HdE Ab R AN 22

2 45 KB

2.1 RNEFEAEANIE TR M R

HEE 1 AT W, 5 NOSO 4bFEAHLL, NSO 4L#E) AK #1 DOC Z & W& m (P<0.05, T
[E]), 238N 39.68%41 34.57%, NSO 4] AHN. AP. AK. DON. DOC fl MBC & &
B EThE, WEIEN 16.60% ~ 136.52%, NS Al NSM 4:# ) EC. SOC. AHN. AP. AK. DON.
MBN. DOC. MBC. POC 1 ROC & & W&, RSN 40.07% ~ 423.22%F1 42.35%
~ 463.83%. NOS. NSO. NS I NSM A-FE /) pH A NOSO AbFE & 25 PG,  FFTEN 0.98% ~
8.04%.

* 1 TEIHEBEAIE IR L1 R

Table 1 Soil physicochemical properties relative to treatments

e pH EC SOC/(g kg™) AHN/(mg «g) AP/(mg kg) AK/(mg kg?)
Treatment
NOSO 8.7910.01a 92.061.08b 3.0620.19b 18.64490.40d 7.97H.34c 32.79H.72c
NOS 8.7140.04b 92.6542.35b 5.63+1.55ab 23.7320.83d 5.554).29¢ 45.8040.87b
NSO 8.4310.02c 96.14+1.11b 4.2340.24b 35.39#4.77¢ 16.56+1.19b 50.461.91b
NS 8.1540.01d 128.95#4.02a 6.6010.04a 53.2542.47b 19.6740.79b 115.89+1.04a
NSM 8.0940.04d 131.05#4.53a 7.8410.07a 68.96+2.99a 34.1243.40a 122.6947.80a
sl
DON/(mg kg?) MBN/(mg kg?) DOC/(mg kg™) MBC/(mg kg?) POC/(mg kg?) ROC/(mg kg?)
Treatment
NOSO 2.7940.35¢c 3.13+.57b 18.3540.60e 27.9447.52¢ 0.8840.25b 0.5640.12¢
NOS 4.3640.29bc 4.83+1.85b 24.69+.28c 31.7746.88bc 1.4040.07ab 0.4740.11c
NSO 6.6140.26b 6.92+41.91b 21.4020.33d 52.42+11.73b 1.1740.21ab 0.7640.08c
NS 14.0140.45a 16.3840.66a 34.9040.43b 134.4445.63a 1.5540.14a 1.5240.15b
NSM 14.66+1.70a 16.97+1.50a 42.39+.18a 157.5242.63a 1.6140.22a 2.2740.28a

e 1) NOSO: AHfk AE+REFFE5 Il NOS: AHibAEHREFFIE H s NSO: MU0 AEHREFF 25 s NS: % MU b JE RS FFIE
NSM: b JE+AEFFIE H+RS 25X 20% %I, 2) EC: HLFE; SOC: TIRAMIM; AHN: TEE; AP: BREE; AK: 34
DON: FEPEANIE; MBN: /EMEYER; DOC: AIEMEANER; MBC: BMUEMAEMER; POC: BRiAHBE: ROC: 5
FAENRR. 3) RHEINTFEESRER (1=3), F—FIRRNG FERER AR Z 7 2% (P<0.05). F[F. Note: 1)
NOSO0: no fertilizer or crop straw returning; NOS: crop straw returning; NSO: traditional chemical fertilization; NS: crop straw returning with
chemical fertilizer; NSM: crop straw returning with chemical fertilizer and the nitrogen was substituted 20% by chicken manure. 2) EC:
Electrical conductivity; SOC: Soil organic carbon; AHN: Alkali-hydrolyzable nitrogen; AP: Available phosphorus; AK: Available potassium;
DON: Dissolved organic nitrogen; MBN: Microbial biomass nitrogen; DOC: Dissolved organic carbon; MBC: Microbial biomass carbon;
POC: Particulate organic carbon; ROC: Readily oxidizable organic carbon. 3)The data in the table are of means = standard deviation(n=3).

Different letters in the same column indicate a significant difference between treatments (P < 0.05). The same below.

2.2 AEIMEIEAIE NEFFRIZ 8
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NOSO AbHFFRL =84 1.27 thm?, 5 NOSO AEEAHEL, NSO. NS FiI NSM AbBEFf R~ &
EFtE, RGN 6.83. 7.75 A1 8.57 thm?2, i NOS AbFEFFHi =& 5 NOSO AbH TG 2 % 2
(P>0.05, B 1),

=
MV

-

=
7t

}
}

KL & grain yield/(t hm™?)

N

by .

oL

NOSO  NOS NSO NS NSM
Ab3 Treatment

A ERZESONARER, ARNSERERR AR F A 2 7 52 (P < 0.05). Note: The error lines in the bar chart are
standard errors. Different letters indicate a significant difference between treatments (P < 0.05).
3 W N 00 W LS LR o o Tt 18
Fig. 1 Grain yield of wheat relative to treatments

2.3 HIEWMEYREREMR S TIRMRIXE

B ved B Y A i AR R U8 T 42 AT 119 AL 286 4N H L 481 MRHAN
953 N o A% AhFH f 20 1 A0 2 B 1148 i 2k 1 1] CActinobacteria) < A2 T i ] ( Proteobacteria)
FE W] (Planctomycetes) . BZAT B[] (Acidobacteria) FI4EZ5H 1] (Chloroflexi) , 48
PR el ) 84.29% ~85.85% (8] 2a) o J7Z /T4 RAEW], NS AbIH IR TR [ AR XS B2 &t
Fim T HANALEE; NSM AL BE )RR A 1A 325 225 v T L AmAL BE, T AR TR 1 1 AR 2
B EART HAMALTE ;. NOSO AL BE A RL AT B IR X F B2 B35 5 T NS A NSM AL 2E

T Al S P A 2 AR R 8 T 9 AT 20 ML 61 AN H L 145 AR 297
A& o S A ER ) EE LA 13T 2E B ] (Ascomycota) , 21 & FE 1) 81.89% ~ 97.66%
HUCNMHF BT (Basidiomycota) , 5 B AF N 0.42%~4.13% (E 2b) . FTZEHT4
R, 5 NOSO ALHEAAEL, NOS. NSO. NS A1 NSM AbFH 75 5 | A =F 55 5. 35 58 i,
SrAIE N 12.17%. 10.96%. 19.27%7F1 18.92%; FH-F B [ ] AAH N =5 B2 78 5 A 7 8] 22 S R IA 3|
BEKF.
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Fig. 2 Effects of different treatments on the relative abundance of the major soil bacteria (a) and the major fungi (b) at the
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phylum level
FAEHEA FI4HE Chaol A1 Shannon FR LR E 2 7 &AL BRI L Chaol 154k
TR EMZESR, NS HI NSM AFEfEH Shannon FE%AHE: NOSO. NOS A1 NSO AbHE i 2% [4
ik (2 .
2 FEMAELE T IEMEMENE o ZHM

Table 2 o diversity of soil microbial community relative to treatments

MR ZHE Bacteria HH Fungi
Treatment Chaol Shannon Chaol Shannon
NOSO 9 354.3#463.3a 11.4540.10a 568.0439.0a 6.6740.18a
NOS 9 154.34557.5a 11.5540.03a 550.2417.7a 6.46140.04a
NSO 8 798.34709.8a 11.4340.04a 533.6422.1a 6.5040.01a
NS 8834.94231.3a 11.4449.05a 525.6421.4a 5.9620.15b
NSM 8 809.94423.6a 11.5540.03a 520.0+13.0a 5.8740.02b

o 8% A0 P 20 T AN L B VR AL RCHEAT PCOA 20 HT s 2 ARBR IR 55— B RN 58— 0 I AR 1
Y R TR 4574 27.16%F1 12.57% 1) 7 2 (B 3a) 5 FARARES —HiA1 28 4o iRt 1 B
TR S5 14 47.54%11 18.22% 1) 12 77 22 (B 3b) o 5 AN AbH Fr 41 T A1 B B B V& 351 1T 434 NOSO+NOS
NSO DL NS+NSM =4, B # % jt 75 % /it (PERMANOVA) KB, 7540 & A1 B VA
NOSO F1 NOS AbHH I #EV& 2 ALl NS A NSM 4b F () #E7% 4 AL, NOSO+NO0S. NSO LA
Je NS+NSM =20 2 [A] (R4 0 2 RS R 22 S 3 35 o

a) , b)
NN 03 B N0S0
@ Nos ® : @ nNos
02 - NSO i3 ' NSO
NS NS
o ONSM| = NSM
X 01 : X o1
~ 0. ™
" a
& =
It P | EGG——— S G—G——————,
.
3 0.0 S
0.1
=0.1
’ 0.2 )
o®® | | ©
-0.2 0.1 0.0 0.1 0.2 —0.2 0.0 0.2 0.4
PCoA1(27.16%) PCoA1(47.54%)

3 ANEFEAEAL I (a) FIEBEHETE (b) FAARSHT (PCoA)
Fig. 3 Principal coordinate analysis (PCoA) of soil bacterial communities (a) and soil fungal communities (b) under different
treatments

X AN R AR B PR 20 T R LR S IR R BEAT CCA o (I 4a) , HHER AN
TIEPACTERUGEAT RDA 208 (18 4b) , IR S RIREHRY (R 3) RY, KEZEE
M EEHEF, AP, EC. MBN. SOC. ROC Fl POC & 58 AN [l Ab H 41 1 B V4 45 M A2 AL FY)
T IEHIL T, EC. MBN. ROC. POC. AP #ll SOC & S8 [ Kb BE H 14 VR 45 AR
PR B .
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a) b)

10 NOSO
®Nos
NSO

@ NSM

W

CCA2(16.59%)
=
v//{
RDA2(18.32%)

L
®
o
(=]

) o

SPOC )
& ) POC
il

2 @

N
SOC

4 -6 =3

2 0
CCA1(18.44%) RDA1(25.03%)

e (@) LIRANTH B AL AL TR I B RL AT (CCA) 5 (b)) LI BB T4 4L R BRAL M R R TR 434 (RDAD o
Note: (a) Canonical correspondence analysis (CCA) of soil bacterial community composition and physicochemical properties; (b)
Redundancy analysis (RDA) of soil fungal community composition and physicochemical properties.
K 4 AL AN (a) MEE (b) FEEAR TR KR
Fig. 4 Relationship between soil bacterial (a) and fungal (b) community composition and soil physicochemical properties relative
to treatments

%3 REIMARAIE A B AR BB AR

Table 3 Effects of soil properties on soil bacterial and fungal community structure relative to treatments

4% Bacteria HH# Fungi
Rt e et e
R? P R P
Soil properties Soil properties
AP 0.885 0.001** EC 0.984 0.001**
EC 0.848 0.001** MBN 0.893 0.001**
MBN 0.844 0.001** ROC 0.855 0.001**
SOC 0.785 0.001** POC 0.816 0.001**
ROC 0.715 0.001** AP 0.717 0.001**
POC 0.414 0.044* SOC 0.623 0.004**

VE: IR RIROR BEEHISE (P<0.05) FIFEIEHISE (P<0.01). Note: * indicates a significant correlation (P < 0.05), and **
indicates an extremely significant correlation (P < 0.01).
2.4 MHE-EHEIEINHLE

5a 7, FIFH BT Bz 2R 8 AH 56 5 22 K4 T 240 1A - S0 B LI I 4%, 199 % P A0 B 285 5 56.36%,

BRI 43.64%. MZRAERE AT, 61.12% NIEA KRR, 38.88% NiAHK K FR, £H
WAEYZ M EVER & T e g B . NS 2208 4 NMRORRIREE, BB 141, NOSO Al
NOS AbFH (AR = B B T NSO NS AT NSM Ab3; Ak 4 b, NS AT NSM Ab 3 i HH %
FE W2 =T NOSO. NOS FI NSO AbFE; b 2 FELH 3 MIZRIL )y NSO Ab3 I AH x4 12
e T HALEE (B 5b) .
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a) [ NOSO Il NOS W NSO NS I NSM

a

@ #EHL1 Module 1 HiH2 Module 2
43 Module 3« #iH4 Module 4
A H: Other modules

——— IEAH % Positive correlation

i #f1¢ Negative correlation

HIxt R (Z4%0) Relative abundance(z-score)

FHe1 Module 1 #5e2 Module 2 #5¢3 Module 3 ##t4 Module 4

Vi PSR OTUSs AT 35 & T R F B 0.05%, H OTUs [l A SEAHSEM: (Spearman MR REUE (r) =07, KRIEFM
P<0.01) . HWAFRIEMRRKR, AEFROMIRRKR, LAFBHIIR Spearman X REUE () UK, RRRMERE (1
5iZAT mUEBIIA MBI 2 ) (R/NRE, ERNLEZ, 58K, Note: The relative abundance of OTUs in the bacterial-
fungal co-occurrence network was higher than 0.05% of the total relative abundance, and there was a strong correlation between
OTUs (Spearman's r > 0.7, FDR-adjusted P < 0.01). The blue line represents the positive correlation, while the red line represents
the negative correlation. The thicker line indicates the larger Spearman correlation value (r), the size of the node is assigned
according to the size of the degree (that is, the number of edges connected to the node), and the more connected edges, the larger
the node.

5 ZHPE-ER LI (a) & BHUHE FE (b)
Fig. 5 Co-occurrence networks of soil bacteria and fungi (a) and the relative abundance (z-score) of each module (b)
LRME RN 2 A ), AR 1 RRDOEE B SRR R B R R 2R OC R, R 4 A R
SRR R ERF LRGSR (B 6) , Mtk 2 MER 3 fUALXTF R 5 /N2 BA Rk
AR L, B 1 RRIER 4 DY 520 /N 22 77 8 1 R AR

Fibt1 Module 1 B2 Module 2 FiH3 Module 3 Fia Module 4
16 10
12 R=0.71 R=0.11 L I ®  R=0.07 R*=0.46
= P=0.000 P=0.126 o © P=0818 o P=0.003
5 4 12 7.5 L)
=
g ® .,
O 8 o ® e 5.0
o 4
% @ 4 2.5
=0
hE -re il e
-1 0 1 -1 0 1 2 -1 0 1 -1 0 1

FXFE B (Z53 %0 Relative abundance(z-score)
Bl 6 A [m] i A A BEASE B o = BE 5 /N 22 7= e ) B 3

Fig. 6 Regression analysis of the relative abundance of each module and grain yield of wheat relative to treatments

K7 Fizs, el 1 AsEte 4 doint = FEHER T 15% 00 40 5 A S AR I A R
FEHe 1 gl DL RBAL. ZFERE )8 (Blastococcus) - #HZEE H i@ (Sphingomonas) . #f
A% B (Bacillus) « T1# & (Pedomicrobium) . WA LA & (Microvirga) N1 S,
FL B LA Dokmaia. % fH# & (Stachybotrys) . & J& (Penicillium) . Fusicolla. JEtaf#
ff1J& (Achroiostachys) 4y HEH 4 rh 401 LA R K J& (Nocardioides) « Pird_lineage.
FKIEfE AT J&  (Steroidobacter)  £F4EHffuE & (Cellulomonas) NS, HEELLEH T
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J& (Chrysosporium) . TZHEFE (Acaulium) . Z5EHE)E (Schizothecium) HESF.

T FES A IRRY], Bk 1 ARHAE T, NS A1 NSM AbFH RBAL. ZF BR1A J&
(Blastococcus) « R H R B (Sphingomonas) FIZEFAT )& (Bacillus) x5 &
FHALT NOSO H1 NSO Ab#E. #idh 1 LA EEH, NS 1 NSM A2 Dokmaia. i % #H% &
(Stachybotrys) FITE g (Achroiostachys) X =& B KT NOSO Al NSO AbFE,
Fusicolla AHXT = FE 2 KT NOSO A2 . B 4 RFAMTE ., NS H1 NSM ALBE#281 R IRE
J& (Nocardioides) AHX =5 i 2 =T NOSO A1 NSO 4bBH, 24k i & (Cellulomonas) #H
Xif F B R % =T NOSO. NOS AT NSO 4bEE; NSM KB (¥ 25 [H B2 & )& (Steroidobacter) #f]
XF B2 S T NOS 4 FE, Pird_lineage AHXS 3= 82 i 25 v T oAt 4 MAREE. AHR 4 IRF AT
1, NS Al NSM AbBE () H 1% 47 7B (Chrysosporium) . L EEJE (Acaulium) FIZE5E

I J& (Schizothecium) HHXJ ==/ .2 % T NOSO. NOS 1 NSO 4b2E (& 7)

10 140 Bacteria of module 1 20 M1 B Fungi of module 1 30 LA Bacteria of module 4 0 WA AL Fungi of module 4
I Microvirga = Achroiostachys ’ Cellulomonas Bl Schizothecium
B Pedomicrobium Fusicolla Il Steroidobacter B Acaulium
Bacillus B Penicillium 2.5 Pir4_lineage 25 Chrysosporium
8rm Sphingomonas 15 I Stachybotrys Nocardioides —
B Blastococcus Dokmaia [

RB41 20 20

o

15

-
[ ]
.I 10 I 15
m I i 1.0 I I 10
N | N

N

o

A% ¥ Relative abundance/%

)

0.5 5

0 0 0.0 0
NOSO NOS NSO NS NSM NOSO NOS NSO NS NSM NOSO NOS NSO NS NSM NOSO NOS NSO NS NSM
4b 3 Treatment

Bl 7 AR AE AL B AR 25 )8
Fig. 7 Dominant genus of each module relative to treatments

25 BREFMBRERTEMRSFENKE

WKl 8 A, JAE TR A 3= B TR S A B A AR 2 S LA &, R IR BRAE A 2 #
KW, B 1 WERNHIES, RBAL, ZFEKEJE (Blastococcus) . #H% B i B4 &
(Sphingomonas) . #£fUfF# & (Bacillus) . t4%)E (Pedomicrobium) . A AT H )@
(Microvirga) . Dokmaia. #]%jfi% )% (Stachybotrys) . # %% (Penicillium) . Fusicolla
MGt fEflJE (Achroiostachys) 5 ¥fFRL™ & o3 MG B 4 ERILBES, KRR
W J& (Nocardioides) . Pird_lineage. #f 4t 5.l % J& ( Cellulomonas) . 4l ¥ 1% J&
(Chrysosporium) . TXHE K& (Acaulium) FIZEH & (Schizothecium) SHFki~ & BE
IEMS%. HIEMEFF, EC. SOC. AHN. AP. AK. DON. MBN. DOC. MBC fll ROC &
PR g 03 IEA DS, pH SXFR 2 53 A%,
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RB41 ’ .
Schiz S Blastococcus

w % [Sphingomonas
Chrysosporium \ / P
\ \ edomicrobium
Cellulomonas e \ >
- B Nak Y Microvirga
Pird  lineage NN \\\ / //
S\ Dokmaia
Nocardioides———— —Grain y@,

ROC Z/ ~ :
’ ' Nicillium
MBC &
y, \ Fusicolla

MBN )qhmlosracln's

DON e pH
AK AP AHN SOC

- IE4H % Positive correlation 11 A1 5% Negative correlation
FEH 14174 Bacteria of module 1 FEHL YUTH Fungi of module 1
FEHL 441 H Bacteria of module 4 EHt4 ¥ P4 Fungi of module 4

EHERE T Soil properties

e WRFRREIEMHIGKR (P<0.05) , A4FREEFMAIIKFR. Note: The blue line represents the positive correlation
(P < 0.05), while the red line represents the negative correlation.
Bl 8 ARl it I A B AR b 22 SR 34 R AN M o 5 /N 7 A SR MR A T
Fig. 8 Correlation analysis among the relative abundance of bacterial and fungal dominant genera within modules, soil

properties, and grain yield of wheat relative to treatments

39 it

3.1 AEIHEAEALFERT IR M R AR M

AWK AT 73 R 3E 1A HURRFIAE B A AU, A F L 38E A HLER E4% DOC. MBC. POC
A ROC 2, gAY ISR, I A 3 a0 i A B A K B B R R, AR
Hi, NS Fl NSM 4b# ) DOC. MBC Fl ROC & & AH#: NOS Al NSO 4B THm (R D,
X ] R B T REFF IS FE i NSt T A5 2 Fh L Iga A o A MU &9, 3 T EVIR
RV AR R ), A3 s E MU 7 S 3. phah, REFFRING 385 it f2
ORI R EE TR, BN T A A K BT R IR R, Rt T RAEIIE S, AR
BAREFF AR A R O T A IR BIA R Lin SR FT R B AR BC i RS F1 0T 0
A WA AR LT 28, FEREIB0E M HURR 4y, AR A IR 2. & 42 %=1 T DOC\MBC.
POC #1 ROC &, HAMFLEE FAEL.

AT REY, NSM 4FE K DOC. ROC. AHN fll AP &AM NS 4L 8 E 41T+

(R D o XoJREH TWERGSEHEE WA, FENBIEEH S SRS, B

A BT it 7] A 28 Dok 2 A4 S 77 20 R RR TORIAR: 2 DA B 1 i 3% 40 R R /R R B 160, fF AHN
AP SFEHEAFE TGN, Jin ZE0OE e ILAE /N 22 2 A0 IR TG e XS e T B2 vy - A3 Aol TR A U 118
PRt 7 TIEBEHE, MR ERE T AP FiE.
3.2 NEIMEAEAL TR RS IR 8 & 4B R OS2

PR AT T8 ] 32 At i [ P AR 70, AT 7T, NOSO AL EE AT B T AR F 52 3% & T NS
FINSM A2 (] 2a) , IX AT g EH T BRAT 3 3&E N A A7 T 37270 2 BRI L IR B, Liu S5
TR IAN it A B PR AT B DR T = B R 50 Pt A I Ak BRI A R+ 2 SR AL B A T 4 R 2.16%
1 2.34%, AR FLGE AL AL B 1A AR UK MR A PR AT 4 = 1 RE )1, TEXEREfRIL
H VR TT T R PR AR U8, ARWFFEH, NS NSM A NSO AP B2 B | A X =F
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T NOSO F1 NOS 4b# (& 2a) , IX W] BB TR BRNE LA AT T 97 4 & B e () LI i
HRB, P EEMEAAT P AR KA 4 R S R, NOS. NSO, NS Al
NSM AbFE ()7 FE B | T A 3= B A NOSO AbFE 38 (& 2b) , iXATRE s TALAE. F5FF
RIS S N A2 | 1A KSR T B -

AR & A 2 FE xS L3 R B A HE520, Chaol $84Uf1 Shannon $5414)
Il S BRI A DRI () = BERI AR, HUE RO, 8 FE A 2 PR 10 AR T 45 SRR,
ASTF] it AR AL TE] ) 4H 8 Chaol 1 Shannon $54( A K B Chaol FREC R # M2 57, 11 NS Al
NSM AL EAHE NOSO. NOS A1 NSO b3 % 2 [£4K 1 H 14 Shannon 54 (£ 2) , XWREHT
A RS Tt R A/ B S TR T B R o BB IS B, ) T AR IR A, Chernov Al
Semenov?OHE HFEFF IS — i 2 5 BUE A P S50 R o, (EE 55 2 il R 2 2 )
WAEIRIRE , WIS A B deAh, it A WL 0L o] Be A — Lo fi 2 e ik 5 404 F i i)
IR BB AR K, @ A AR R AR RS R A AL L ROl A A s B AR RS
AL A S B - a3 o S BB v MRS DUEERIF A, AR AE 7 2O 3B RE) o 25
PEFR B S5 10 A — B, #ilan Liu S5 RUR AL NE+FEFF AR BEANAL JE+ 2= S A0 22 (1) HL B
Shannon 545 AL IEALBEAH L TG B35 2 57, AT RA—E, Ma FPWFTERIL, 1L
HE it 2% AT AL BE (40 1 Shannon FEAUAI B Chaol 8 %05 it B4R AL A AL FEAR L TE 56 25
5t SRR R

AR PR B AR A AR U, A [R] it AR 7 =X mT fe e a5 v b 338 4 ) T eSS A A P R A A
IREE, AT R VA 2E ™ AR 50 o 4 B R B B AR KRR T 2 B BRIR AN R, A i,
32 SOC. ROC F1 POC & 17284k (&l 4) W Be sz 1 2 b AN 3 181 A= i v 20 BT 7 B 05 R 3R E
Sabir ZF22145 H it FH A HLAE BT EG M A HLARGR N, 2 T3 v S IR AR P I B B R R
Zhang SEOVLLES T AAL . Bl RE . ALAE-FEFT AL A HLAE 4 AN AR AbBE (i A= VB TR
SEK, RPLROC &GN R IR BE R &K, DOC 2 Femi -3 B AEVE I EE N K . MBN
2 TIEEE R RIE IR 2 — B, REEFH, I3 MBN SERML (B 4) mIRE
TG B R B P R R R B SR RS AT AN R e B L, AT RE Y R PO AR
{BFEEFEFT 03— DB AR, 2 T IER A LI, kA L E T 5 S B I A 51D
Z ISR 5 M H] — L A= Y A, AR U N AT £ = 4% MBN & &, 1
I PR IR A LA, NRE R AR ARG R 25RO, Jin ZEUOBAR Y, ZUIE At FH o]
LI I 2 i 8 PR 10 SR P A IR VR G5 . ARTIEFLSE AR, AP A2 52 M 41 b FH L A VA 45
IR EE IR (B4, XARElT AP REMEKIFES RIEZ —, H AP AfLIfE
BEYAERR, RARAEKRGTZ N T LIRRE M REVE AL AU BeAh, ANEAEA R A KB B RR
R WIRIFE S RSCIR DA [R124, 0] B 2 0 3k R DR EV& 2L = A — s s, AR FUAN AT T
NGRS LI A IR R A, B —E R PR
3.3 XBEHMEYRTINEFERET

AT, B 4 02 5 /N FPRL B T IE A DG G AR H, MEH 1 2 5 /N FEFr R &
BE ARG (8] 6) , HiH 4 FOARH 1 A i B 3540 B RN 35 1 BROAE D 3 FEAE 45
JREALBEMAEEZ S (BT

PR 4 F SR Al 8, 2R4% K IR B 8 (Nocardioides ) A 2F4 5. ity i J& ( Cellulomonas )
NAYERBEMRE (B 7D, nHEMEERFT, FTHReLEPMAYR S E. Liu S5
WA T it FH 3 SRR AT 1) B AR D HE S iRy 7R R IRIE JE  (Nocardioides) [FAHXS 4
B, HRIor ki s, bR )E M A K Abdulla 1 El-Shatoury®SIt 58 &K B, K1k
RIKEJE (Nocardioides) REMSFEARAKITE 254 A M FM/KFEFREFT: Fang S5OV IS
RIKEJE (Nocardioides) i H A P g 38 h BRBLRI ) /E A« JE[EREAT 158 (Steroidobacter)
NE R, WS 5 XERRARE WA 0 R 3 B . BB FE L, MR EY A
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KET, Liu FEEHF TR, A IE+AESEA0 B rp SR [ WA 1R B (Steroidobacter) FIAH =2 & T
HEACAEAEE, 5B Rl XEFEPSIRE AR, Pird_lineage AT =FBE (13 N 56
NUIBRIE A G, HS5ED &2 B2 IEAHX KR,

T 4 B A D, 478 7 58 (Chrysosporium) AR i Z B @ (4 7). Khatami

SR TR I, 4T B (Chrysosporium) S i B AR AT R ATAE (55 & i o 1 72 AL
BRI IG5y 1, AR T s AL ERE, AR L3 MUR M R AE(E; Liu SOHEH 8T
B @ (Chrysosporium) X495 IR A W) A i /E A s Shang Z6BE K IL, &M EHE
( Chrysosporium) RE {2 32F L3 v % BRI P i . TEZE W8 (Acaulium) FIR 7% 1H &
(Schizothecium) NEFYERFEARE, ST RIEA R AMLALER A NIFEYI . He 5561
WEIE T A A+ FERI AR + A 25 SR R A S ME I TR R DG A, R E
(Acaulium) AEREF IR B —, W R R 5 R SR A4 22 (1) P f# . Zhang 5552
R, ACIERC RS FT & 4R T T IR A R 2 7E B8 (Schizothecium) , FE4MH] T
JEB IR K, Liu 84 Z 275 )8 (Schizothecium) T @ R AARAEAT, HooF B BE & AT
3 it A T

R 1 BRI 35 B T LA 5 1 = 22 (J&1 7)), Fusicolla F G t4 f#f J& ( Achroiostachys )
B RIEEUR I, AHEMA KB G FIFm, FERRREY = B3, D 225500 R IS
A AEALBEAR L, AR RS FT A B S 25 BRI 1% )5 Fusicolla XS 3212 Zhai 5351
FLRW, T A MU ARG B 2 R BER SR A EE AR b, B BRI T AR TN AR
st JE (Achroiostachys) FIAHXS 2. #i% #H% & (Stachybotrys) i /4 Fw Al =4
A i IR AR BT, AHR 7 BB N EUR T, 76T B A7 7E, [RIR 2 2 N i5
FLH, 5 51 e NFEE, Srour SECOE FL 3 BRI 2290 5 L3158 b (1)) %) 7855 )& (Stachybotrys)
A Liu S0 78 KBS ANt AR AL ERAR EL, K Tt FH X S R0RS FF 25 1) Bl P A= 40 BB AT 2%
AR F A A F% 8 (Stachybotrys) FIAHXTFERE; Chen Z5B7VRIL, 1E/NE-KAEEAE
ARG, SAHACA AL, A0 ARG 35 A0 P 2 PR IK T 4 A5 )8 (Stachybotrys) [
XF S

4 45 %

K HAA [R] it A 2 2 5 i /NP P i, TEASIRIG 26T, 8 Bt Ao R+ T3 FE 43
FEEAR 20% FUEA R Ak HE+FS FFE AR EE X /N 22 P~ i fR T I Ko it IR AR = 3 ot 3
PR b SR D AN FC R VR LA, o B e BIRHE, APL ECL MBN. SOC. ROC
H1 POC 3 FUA R A #1240 B B 7 4l A8 A i) = 2 LI A P T, EC. MBN. ROC. POC.
AP HI SOC 2 5 FUAN 7 Ab B BT B B V& 285 A0 AR A0 ) 32 2 - S A PR o o T 4 B - 3 1 L 3
L8R, NS Al NSM AbBEE 4 T HA MR 4e R AR R (Lt 3% 20 4 AL NG 24 S0 175
JREAE KSR AE (% K IKE)E (Nocardioides) . 2[4 ¥l )& (Cellulomonas) Al
Pird_lineage) FIEH (&ffi T &8 (Chrysosporium) . TEZEEFEJE (Acaulium) FIZFH &

(Schizothecium) ), [AI FEAIK IS AEBUR B (Fusicolla. Jofuf#ifl)E (Achroiostachys)
& LA 8 (Stachybotrys) )RR o A BBt A AT ol A A E RS FF AN S 26 S 8 7 A
A 55 3K A Kb B ) B A P T A B A TE S TEAR G R R o

22 mk (References)

[1] Tao Y, Liu T, Wu T Y, et al. Effect of combined application of chicken manure and inorganic nitrogen fertilizer on yield and quality of

cherry tomato[J]. Agronomy, 2022, 12(7): 1574.

http://pedologica.issas.ac.cn



+ B
Acta Pedologica Sinica

[2] Yin H J, Zhao W Q, Li T, et al. Balancing straw returning and chemical fertilizers in China: Role of straw nutrient resources[J].
Renewable and Sustainable Energy Reviews, 2018, 81: 2695-2702.

[3] Liu B, Xia H, Jiang C C, et al. 14 year applications of chemical fertilizers and crop straw effects on soil labile organic carbon fractions,
enzyme activities and microbial community in rice-wheat rotation of middle China[J]. Science of the Total Environment, 2022, 841:

156608.

[4] Liu Z P, Xie WY, Yang Z X, et al. Effects of manure and chemical fertilizer on bacterial community structure and soil enzyme activities
in North China[J]. Agronomy, 2021, 11(5): 1017.

[S]Ma TF, He X H, Chen S G, et al. Long-term organic—inorganic fertilization regimes alter bacterial and fungal communities and rice
yields in paddy soil[J]. Frontiers in Microbiology, 2022, 13: 890712.

[6] Cong P, Wang J, Li Y'Y, et al. Changes in soil organic carbon and microbial community under varying straw incorporation strategies[J].
Soil and Tillage Research, 2020, 204: 104735.

[7] Zhang Z M, Yan J, Han X Z, et al. Labile organic carbon fractions drive soil microbial communities after long-term fertilization[J].
Global Ecology and Conservation, 2021, 32: e01867.

[8] Das P P, Singh K R, Nagpure G, et al. Plant-soil-microbes: A tripartite interaction for nutrient acquisition and better plant growth for
sustainable agricultural practices[J]. Environmental Research, 2022, 214: 113821.

[9] Fan K K, Delgado-Baquerizo M, Guo X S, et al. Biodiversity of key-stone phylotypes determines crop production in a 4-decade
fertilization experiment[J]. The ISME Journal, 2021, 15(2): 550-561.

[10]Jin HY, Zhang D Q, Yan Y Q, et al. Short-term application of chicken manure under different nitrogen rates alters structure and co-
occurrence pattern but not diversity of soil microbial community in wheat field[J]. Frontiers in Microbiology, 2022, 13: 975571.
[111ZhouTT, LiDD, QiuLL, et al. Coupling effects of straw and woody peat on rapidly increasing soil organic matter and crop yield
under different application ratios[J]. Acta Pedologica Sinica, 2023, DOI: 10.11766/trxb202112030656 .[J& %Iz, 2P}, GRINAN,
S5 R [ G M Ll AP R AR R A R A Y e xof BRI 3 T b 3 A HL RN A 4 7 B RS A R )], 3% 2 4R, 2023, DOL:

10.11766/trxb202112030656.]

[12] Qiu L L, Li D D, Zhang J B, et al. Effects of key-stone microbe based on Co-occurrence networks on wheat yield in the soils with
straw returning[J]. Acta Pedologica Sinica, 2023, 60(2): 491-502. [ESARMN, ZEPHPE, sk, 6. BT IR I S A Pkt
FEATIE A3/ P R [T]. 3E2EER, 2023, 60(2): 491-502.]

[13] Lu R K. Analytical methods for soil and agro-chemistry[M]. Beijing: China Agricultural Science and Technology Press, 2000. [ 11
B AR AT TTA M. dERG T ERME R R, 2000.]

[14] Lefroy R D B, Blair G J, Strong W M. Changes in soil organic matter with cropping as measured by organic carbon fractions and '3C
natural isotope abundance[J]. Plant and Soil, 1993, 155(1): 399-402.

[15] Cambardella C A, Elliott E T. Particulate soil organic-matter changes across a grassland cultivation sequence[J]. Soil Science Society
of America Journal, 1992, 56(3): 777-783.

[16] Ren G D, Zhang M, Zhang W'Y, et al. Effects of organic materials from different sources on growth and quality of vegetable broad
beans and properties of thizosphere soil[J]. Soils, 2022, 54(4): 740-749. [{E2z0, Tk, K30, 2. RESRIFAG MRS &
AR T SR B - g AR 1 2 [T]. B3, 2022, 54(4): 740-749.]

[17]Han Y L, Ma W, Zhou BYY, et al. Effects of straw-return method for the maize-rice rotation system on soil properties and crop yields[J].
Agronomy, 2020, 10(4): 461.

[18] Wang X Y, Duan Y, Zhang J, et al. Response of potato yield, soil chemical and microbial properties to different rotation sequences of
green manure-potato cropping in North China[J]. Soil & Tillage Research, 2022, 217: 105273.

[19] Liu XY, Shi Y, Kong LY, et al. Long-term application of bio-compost increased soil microbial community diversity and altered its
composition and network[J]. Microorganisms, 2022, 10(2): 462.

[20] Chernov T I, Semenov M V. Management of soil microbial communities: Opportunities and prospects (a review)[J]. Eurasian Soil

Science, 2021, 54(12): 1888-1902.

http://pedologica.issas.ac.cn



+ B
Acta Pedologica Sinica

[21]Liu HY, Xu W, Li ] 'Y, et al. Short-term effect of manure and straw application on bacterial and fungal community compositions and
abundances in an acidic paddy soil[J]. Journal of Soils and Sediments, 2021, 21(9): 3057-3071.

[22] Sabir M S, Shahzadi F, Ali F, et al. Comparative effect of fertilization practices on soil microbial diversity and activity: An overview[J].
Current Microbiology, 2021, 78(10): 3644-3655.

[23] Zhao Y, Zhou F, Luo J L, et al. Effects of rice straw returning combined with fertilizer application on yield and nitrogen utilization of
wheat[J]. Soils, 2021, 53(5): 937-944. XA, JAM, P HERK, &5 /KRR FHE MACHIALRLX N = A R AU H g ]. +
1, 2021, 53(5): 937-944.]

[24] Guo Z B, Wan S X, Hua K K, et al. Fertilization regime has a greater effect on soil microbial community structure than crop rotation
and growth stage in an agroecosystem[J]. Applied Soil Ecology, 2020, 149: 103510.

[25] Abdulla H M, El-Shatoury S A. Actinomycetes in rice straw decomposition[J]. Waste Management, 2007, 27(6): 850-853.

[26] Fang H, Lian J J, Wang H F, et al. Exploring bacterial community structure and function associated with atrazine biodegradation in
repeatedly treated soils[J]. Journal of Hazardous Materials, 2015, 286: 457-465.

[27]Gu Y F, Wang Y'Y, Lu S E, et al. Long-term fertilization structures bacterial and archaeal communities along soil depth gradient in a
paddy soil[J]. Frontiers in microbiology, 2017, 8: 1516.

[28] Liu Z Y. Effects of Trichoderma bio-organic fertilizer application on yield and soil microflora in Chinese-cabbage and wild-cabbage
rotation system[D]. Nanjing: Nanjing Agricultural University, 2020. [XIIE¥E. AREAVAHLIEX F3E-H WK RIEW P 2= K&
TIEBUEMIX REEM[D]. BRI AU, 2020.]

[29] Khatami S, Deng Y, Tien M, et al. Lignin contribution to aliphatic constituents of humic acids through fungal degradation[J]. Journal
of Environmental Quality, 2019, 48(6): 1565-1570.

[30] Shang C, Chen A W, Cao R Y, et al. Response of microbial community to the remediation of neonicotinoid insecticide imidacloprid
contaminated wetland soil by Phanerochaete chrysosporium[J]. Chemosphere, 2023, 311: 136975.

[31]He Y, Liu D, He X H, et al. Characteristics of bacterial and fungal communities and their impact during cow manure and agroforestry
biowaste co-composting[J]. Journal of Environmental Management, 2022, 324: 116377.

[32] Zhang X M, Li J L, Liang B. Soil fungal community structure changes in response to different long-term fertilization treatments in a
greenhouse tomato monocropping system[J]. Phyton-International Journal of Experimental Botany, 2021, 90(4): 1233-1246.

[33] Zhang J L, Liu Q W, Li K, et al. Peanut root exudates suppress Fusarium solani and modulate the microbial community structure of
rhizosphere in grape replant soil[J]. Horticulturae, 2022, 8(10): 892.

[34]Ma L, Li Y, Wei J L, et al. Effects of long-term straw returning on fungal community, enzyme activity and wheat yield in fluvo-aquic
soil[J]. Environmental Science, 2022, 43(10): 4755-4764. [ %2, 253, BRAAK, &6 KHAFSFFIL FXHI LB TA TR . BEVE LA
Fre g mI]. EERLE, 2022, 43(10): 4755-4764.]

[35] Zhai F H, Li T L, Qin X R, et al. Effect of fertilisation on fungal community in topsoil of winter wheat field[J]. Plant, Soil and
Environment, 2022, 68(7): 317-327.

[36] Srour A'Y, Gibson D J, Leandro L F S, et al. Unraveling microbial and edaphic factors affecting the development of sudden death
syndrome in soybean[J]. Phytobiomes Journal, 2017, 1(2): 91-101.

[37] ChenJ, Guo Q K, Liu D H, et al. Composition, predicted functions, and co-occurrence networks of fungal and bacterial communities
Links to soil organic carbon under long-term fertilization in a rice-wheat cropping system[J]. European Journal of Soil Biology, 2020,

100: 103226.

(RfERE: » %)

http://pedologica.issas.ac.cn



