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Their Ecological Network

SHI Qihuan'?, ZHANG Yanjie”, ZHOU Guixiang?, ZHANG Jiabao?>, ZHANG Congzhi?>, LU Shunbao!, JIA
Chunhua?, LIU Mingfeng?
(1. School of Life Sciences, Jiangxi Normal University, Nanchang 330022, China; 2. Fengqiu Argo-Ecological National

Experimental Station, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 211135, China)

Abstract: [Objective]l Arbuscular mycorrhizal fungi (AMF) play a crucial role in soil microbial ecological
networks and can form symbiotic structures with about 80% of plants, making them a key component of sustainable
soil management. [Methods] In order to reveal the response mechanism of soil AMF and their ecological network
to straw return in the fluvo-aquic soil area of North China Plain, experimental plots with different straw return
treatments were chosen under long-term wheat-maize rotation, and high-throughput sequencing and ecological
network analyses were applied to elucidate the composition of soil mycorrhizal practices and fertilization treatments.
The experiment was set up with five treatments and three replications, including T1: straw removal + PK fertilizer;
T2: straw mulching + PK fertilizer; T3: straw removal + NPK fertilizer; T4: straw mulching + NPK fertilizer; and
T5: straw burying + NPK fertilizer. [Results] The results showed that: (1) Straw incorporation with NPK fertilizer
significantly decreased soil pH and increased the content of soil organic matter, total nitrogen, ammonium nitrogen,
available potassium, and available phosphorus (P < 0.05). This suggests that the combination of straw and NPK
fertilizer is effective in enhancing soil fertility. (2) Different treatments of straw burial and nitrogen fertilizer
application significantly affected the community composition of AMF, however, there was no significant difference
in the alpha diversity of the communities. Nevertheless, Glomus and Paraglomus were the main dominant genera of
the AMF community in the fluvo-aquic soil, highlighting their important role in these ecosystems. (3) Co-occurrence
network analysis revealed seven distinct ecological network modules. Notably, the species abundance in module VI
showed a significant positive correlation with several soil nutrient indices, including organic matter, nitrate nitrogen,
available phosphorus, available potassium, and total nitrogen (P < 0.05). This module also exhibited a significant
positive correlation with N-acetylglucosaminidase activity, an enzyme involved in nitrogen cycling (P < 0.05).
Conversely, the species abundance in module VI was significantly negatively correlated with soil pH (P < 0.05).

[ Conclusion] Different straw returning methods can effectively regulate soil fertility by improving soil
physicochemical properties, modulating the structure and diversity of soil microbial communities, and adjusting
AMF network interactions. By understanding the complex interactions between AMF communities and soil
management practices, we can develop more effective strategies for maintaining soil health and productivity. This
research provides valuable insights into the mechanisms by which straw returning and fertilization treatments
influence AMF communities and their ecological networks, offering a foundation for future studies and practical
applications in sustainable agriculture.

Key words: Straw return; Arbuscular mycorrhizal fungi; Soil fertility; Network analysis
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KE, AIIIE EHYERIGR 7> (R EEFRTERBE (P) ME (ND), FEAEY PR i
IKAE DRI G SRAE A B, AMF B8 2243 WA 1) 2 1 STRI R 247 0 e 0% 48 5% L 3Rk, 388
g AR K, [FI S A A LR RE WS VA MMV YER BT, S e R TR O A R
o1, JFH AMF fE 7770 Ml liE, aef st BRI R BEAT 95 70 SCU,  AEHIRAEEs
RGF IR B B E T, AMF X H38A8 7). ML IAAS RG R e R o1
BR, DAL HoAl 3 E M AR ELAE A L o T e 8 A B ) O B A S A0 B
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FEFFIEHXT AMF A B Z 50, 1 AMF fERSFTIE R bR g s A . A HT
FRY, FEFEHEEM T LA VURR SR, N AMF $24t 73 2 5 FRRIEP, R
TR ELEAUO, R AR KRR . AMF T AS I FH 14 i S A4 B 3 7 4 BT
FERAN b, AFERFSFE H 7 R 0 AMF 1) 2R SR, JUH SRR E R

(Glomus) FEIKFERJE (Paraglomus) ", WHFR EE AR CHE P RIEEZ T
[ EEAER, AMF 81 HTE 22 264 R AR ZR B0 ITE S HR 0 B R RS X 25 A i
BEVERS, X0 T REFTAE H 5 3 rh B A ROR UV B 021, AMF A5 3842 25 0 46 b (£
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R IR FTAE FN AMF V& 2516 R D Re R RREESE i AT 75 1 — B 0T 9.

T UL BB S SIR, AU AT R L, K B R B mAb A S
W6, K 18S rRNA it & FF AR 73 W AN R A A8 FH 7 30 2 e A Ak BE0) 38 57 57
AMF BE7& S MALBURFE . AMF BEVE BLAE IS RS0, NP 0 44 73 A A4y - 33 AR BT AR
P FEVR B2 T AR A W2 FAR S, N7 R0 5N i 2 (A HE, IRZEAEAbHbIX
TIRAS RGih AMF & S50 5 L3R IR OGN, LA RAR RO A P2 sz i 42
e RIRNE T AEEEREAT B IR AL F SR R A

1 MRS T

1.1 X5 1% 3t

WIS T 2011 A ERMA B ol A RIS u & (35°01'N, 114°32°E). ik
AR T B BRI 2R KSR, PR 13.9°C, A %K & 615 mm,
TR B PR AR 1, A O E RN ERAE . IR E 5 AR, 3 K
BHE, BN T B ERPKIE; T2: B ESE+PK L T3: B ER+NPK IL; T4: fEF
@i +NPK AE; TS5: FEFAFHESINPK AE; 3056 At A A AR R FE U (210 kg'hm?), BEAE
(P05 157 kg-hm?). #fE (K,0 105 kg-hm?2). RIGHIHEHE LI FEAE S1iEbR. FEFTIE
FH (1) AR 51 B B /INIX BT B AR LV WL SCHR[14]
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f#i Fi| Fast DNA Spin Kit for Soil i7|& (MP Bio, USA) #2H{+3% DNA; #2H(f] DNA
FEMAIH 1%35 NEBE B L pK AT AT I £ 1) 2L K4 DNA; PCR KH Trans GenAP221-02

(Trans Start Fast Pfu DNA Polymerase); ¥ 3 Jy BONIIREHE R AMF X, 7 BK/)h 300bp(if

4 barcode); %EH AMV4.5NF (5’ -AAGCTCGTAGTTGAATTTCG-3’) #1 AMDGR (5’ -
CCCAACTATCCCTATTAATCAT-3") A AMF 18S %7 PE514%; T Illumina MiSeq *F- & i2£47
S & AN B R B R R PCR A A 2% B s KR I, A
Axy Prep DNA &Iz [FISGAGR S V1R W PCR 7=4); 12 A QIIME2 (Quantitative Insights into
Microbial Ecology) #f4fl, LA NCBI nt ##liF N2, {#H] RDP classifier J512%} ASVs it
ITOFERE, 4 A7E1T (Phylum). 49 (Class). H (Order). # (Family). J& (Genus)
FFf (Species) 232KIK TV LG AL T AMF FIRER AR b L fh 32 2%,
1.4 iR TR

LIGHIE ] Excel 2019 33, SPSS 26.0 XFALBEHEAT BN K 7 204, IR HA &R
( one-way ANOVA) 5 XS #5455 ( Duncan test)iZFAT AL 3 [B] 2 2 YA 5 (P<0.05); Chaol 5%k,
ACE 8%, Simpson 8 %{f1 Shannon 8 %K H R4.2.2 ] ‘microeco’ ®il%, HTHRAE1-IHE
INE AR B BETS Alpha ZRENE: 8 R 4.2.2 28] 33 Ak AR ZUHE 48 1 15 51 A8 i
(Amplicon Sequence Variants, ASVs 5 & E]; it PCoA /AT nl ¥4k Beta ZFE%. BENLARM
BERL 73 M #E “randomPForest” AL i3E47: AMF #EV% 5 4 38 B AL MR 1] 794 26 56 &SR H
Mantel 5%, £ “LnkET” @ gEAT: EH “psych” 60 AT AH OG5 B 70 #, k4%
Spearman AHCPE R4 > (0.6] HLZ 35 1 P< 0.01 (&M 2%, 5\ Gephi{# ] Fruchterman
Reingold 5374 &), 13BIM L ASVs Hidfs; H “ggClusterNet” L4745 B rT A1
{&: H GraphPad Prism 9.5 B fF 2 il b5 £ 3857 75 % RARSCHMERA AL

245 B

2.1 KEARREFREFER A R T EBU M RAV R

ANFEFEFE 7 AN B R A R 2R (P <0.05, B 1. T5 4bFE(13.58
g'kg™ T4 (13.53g'kg!) ) SOM R EE ST T3 (12.20g'kg!) (P<0.05).
AFRFEFHEHE TR T LA MEEMESHSEARELER (P<0.05, B, HEWL
B (TS~T4>T3~T2>TD . AT T1 &&H (8.54 mgkg!) Ml T2 4E (9.46
mg-kg!), T4 k¥ (29.76 mg-kg') Fl TS k¥ (35.72 mg'kg') 1) AP A REFRTT (P <
0.05). ANFEFEFFIE H AL T 3% 250 (pH = 7.73~8.03),
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A AP ARNSZRER SRS Z R B2 (P<0.05). Note: Different letters in the figure indicate
significant differences in different treatments (P <0.05) .
1 AEAT I H 7 20T 38 B A 14 5 1 52 T
Fig. 1 Effects of straw returning treatments on soil properties
22 KEATRRIRFEH AR HIRA S EREE AR
JTA B3RS R, 8 AMF () Alpha ZEIEAEA R AP 0, (HAEAFRIRSATIEH
T A FGEAL AL P2 6], +3 AMF RIREE £ 5 MMM EE R LTREZR CGR D (P>
0.05), BIANEIREATIL H 7 sCA T AL BEXT T35 AMF BV 2 RO W] R . AN[R) AL BE 3
35 2 053 1> ASVs(&] 2b). ANFAALEEEILA ASVs #H v 64 4>, ANFALEE[E A ASVs £
Horaloh 245, 119, 149, 204, 131 4> Bk EF, T3 4HLS T1AHPIA ASVs £H
B 0 T4 4G T1ARERRGIAT ASVs B HIRAK, XEWAES T1ALBAE, T4 AEEA{E
13 IR R AR N . KT ASVs I TRIRMRIRIEAT 4338, BILER1S AMF B
111, 344, 4 H. 78 8J8. 62 fh. Bray-Curtis 5 245 FE ) T A0 KR 0T (PCoA) 45
KW, PCoAl Hhifl PCoA2 Hhior il e 1 13 AMF BEVR S5 M 2257 /) 14.39%A1 13.36% (]
2a). ANHEEACALEE (T1A T2 463 76 PC1 _E SN ENEALFE(T3. T4 81 TS 463 ) AMF
GER O RO o R EE AR F (T3 T4 A1 TS AbFD) MIFEE AL E B A .
xR 1 AEILE T HIRM S EREER % Alpha S

Table 1 Soil alpha-diversity of arbuscular mycorrhizal fungi community under different treatments

412 Chaol 5% ACE 54§ Simpson FE£ Shannon $5%§
Treatment Chaol index ACE index Simpson index Shannon index
T1 235.98+34.55a 234.40+32.15a 0.94+0.03a 3.69+0.34a
T2 170.67+17.04b 170.79+17.15b 0.88+0.05a 3.27+0.27a
T3 209.68+24.29ab 209.93+24.82ab 0.91+0.06a 3.42+0.49a
T4 202.48+6.92ab 202.52+6.54ab 0.95+0.01a 3.79+0.06a
TS5 185.49+30.94b 185.34+31.66b 0.90+0.08a 3.35+0.57a

Ve RPEENME (0=3), [F—FEHEE A RN FRERZE RIS 5%5.% 7K1 . Note: Data shown
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as the mean of three samples (n=3), different lowercase letters after the same column of data indicated significant
differences at the 5% level among different treatments.

a) b)

adonis R2: 0.3465; P-value: 0.01
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C & i T5
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®
0.4 :
0.50 0.25 0.00 0.25
PCoA1 (14.39%)

i EPEERoR AR 2 (M E B A 19 ASVs 20 H . Note: The different digits showed the number of
shared or unique ASVs among different treatments.
Bl 2 AFEALBE T ST IR E B RS Beta 2860 (20 FIRRIALEE T 88 B B AR .8 ASV's 0 A 4t 78
Kl (b
Fig. 2 Soil beta-diversity of arbuscular mycorrhizal community under different treatments (a) and Venn diagrams
representing the number of unique and shared AMF ASVs in soil under different straw-returning treatments (b)
2.3 KHAREFREFIEE 7 X TR AR E AR B w2 R A 720
£ H A& 7K-F Exd 48 AMF BE& H b 47 70 dr . SRR, HOKF LEREREH

(Glomerales, 22.03%) F1ZK¥k¥E5 H (Paraglomerales, 15.12%) AfL#AH, HkZ2Z#
#A H (Diversisporales, 2.55%) 5% H (Archaeosporales, 0.29%). AN[FEIFEFFiLH &
T, AMF B % )8 ASVs #H 5.2 ASVs HH B Lu il H & B AR O KR B 55 )8
(Paraglomus, 15.12%). K% JE(Glomus, 11.57%). %)% it B % % J& (Claroideoglomus
9.41%). % fFE & (Diversispora, 1.19%) Jotl &% J&(Acaulospora, 0.80%). J&HTEE
J&(Scutellospora, 0.49%). |5 %% J&(Archaeospora, 0.30%). W 3% %% J&(Entrophospora,
0.05%), FREkFEH R MIRERE N AM K LHEE 3). FHFHAFRFHEHAE T, AMF
P BRBEFE A ER . BT HAAE, T4 AT Diversisporales J& WX FFE,
[FJI) Scutellospora J& .3 ey T HoAt AL 2
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v
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< 100
E
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El
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=
o
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At ¥ Treatment

K 3 FEATIE I J7 50 1235 AMF B 2R KF (a) FIHKSE (b) HI5EHT

Fig. 3 Effects of straw returning treatments on the AMF community composition at the genus (a) and order (b)
levels
2.4 HIEMARBEREE SN S HIRBUMEKENEE X R
i Mantel #56 I HTR Y], HIEESEE L AMF Bk 2008 A

(Manel’s P<0.05); HARTIEFEEEIE Mantel F250 FRARAEE (B 4). WRIE R /KARAMH
KSR, pH SHAWEAPER (AZ. AR, A0, HAe. &, 28K
NAG) REEFFAHR, WL ZBEHRMER (8 5) &I, X1 AMF HKF LRI H
BREER H (Glomerales) FIZEERTEFEH (Paraglomerales), AK. TK Al NO;-N N A EHE )
MR X AMF #5F S (Chaol) 5 HIEE LR BEHL AR AR B,
NOy-N X 5 RS R, kg2 TN, BEJEKiIk/Z AP. NH4-N. SOC. pH.
TK #1 TP.
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Mantel's P
— 0.01-0.05 pH
. ~=005 NAG
Mantel's r TN
— <02 TK
— >=04 TP |
Pearson's r AK
. AP
05 socC
0.0 NOs™-N |

NHa*-N

i

Ve BT IR R R AR AN R B PR ST R AH DGR R, AN (7] 2 AR R0 AC 3 mantel K256 ARG
%, AEBIEARFREZEMZR; Note: The size of the squares and the color shades in Figure represent the
magnitude of the correlation between different physicochemical properties, the thickness of different curves

represent the correlation of mantel test, and the different colors represent the significant differences.
P 4 Mantel 4556 -3 AT AR BT REVS 5 SR BAL MERIR A O AR 5 6 &

Fig. 4 Correlations between AM fungal communities and soil physicochemical traits under Mantel's test

a) b)
Entrophospora O O @) O O O 6 Increase in MSE /%
Acaulospora | () O O O @] O MSE/%S
Clroideoglomus O O - O O O o O O O 00
Glomus O O o O O o ©o O O O . 10
e B R OMUER AR R EE M (B 2 oo BARRURT T 22 0 R i v B IR A e bL D B
EARE N /R 2 AH5E;  Note: The size of the circles in Figure represent the significance of the variables (i.e.,

=~

95 ==& I (community richness)

sm:uosporaOOOOOQOOOO 8: III
| Ill.
Pangomus © O ¢ © O 0 o () O © .

Diversispora O O O O O O O O O O O "
Archaeospora () . o O O (@) (¢] O O O si"ﬁaﬂ
§ 39 22580888 R R R
< 5 & IS A > <%
TEsg ST O R

the proportion of the explained variance computed by the multiple regression model and the analysis of variance
decomposition); the colors represent the Spearman's correlation.
P 5 4 SRR BT KT AR F 2 S R A MR A SR OC &R (a) RIH S BRALAE BT AMF OREVE
F &AM T (b)
Fig. 5 Correlations between the relative abundance of soil AMF genus levels and soil physicochemical traits (a)
and soil physicochemical properties on the community richness of AMF under Random Forest Model (RFM)

analysis (b)

2.5 TIEMRFEREREE R LI LE 551
I P 1S 2 F A AR B ASVs, REEMNTEELSAET 0.5%8 1 968 4~
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ASVs W@ IEIMIL% . RN 71.94, “FEE RS 0793, “FHBRAKE 3.011,
PELL 2% 0.831. fFFE ASVs Kl /r @ TER TS 8 . REREE R AL HERBEE R

TEFLIN L, AMF B A R 7 N F PIREL(E] 6a), HABik 1. I 11, 1V,
V. VIF VII 735 H 104, 187, 44, 62, 23. 86 Fll 43 N7 2H . AR T Sk 111 £ 5
FUSE, TRLER T SR VII 258 4 A, SHLBLRZ ) 7 MR ERBH S 135750 %
F Spearman AHIEE /M (B 6b) R I, Hide VI 53550 f5kr (955 NAG. NOs-N. SOC.
AP. AK Fl TND ZIEMHZK (P<0.05), 5 pH 2K (P<0.05), iZAHF E i ERFEREE .
WEEHREL Y, BT LIEFRS B HAMHS (BHF AK. NOs-NF1 TN, P<0.05), %
R E AR EM N B V5 pH 2R (P<0.05), ZEEHR T EHZHREEEW
B B VLS TP 2 0AHK (P<0.05) A, 2 & 2 3k B 8 Jm AR BRI 55 @ M B
DA g R, AR 2 mT DA L3 e R (0 B, SO AMF BV (R AH ELAE
e 2 L35 b R oy I L R

b)

As factor(cor)
__ positive correlation

—— negative comrclation 1r 0190 0158 036 03 043 0404 0361 046 4,471.
*®

Mean 2 Fo0113 0415 0122 0135 0116 0163 0096 -0.038 0032 0230

O 2000

O 4000 3 0352 | 0202 0210 0245 0213 0365 -0288 -0331 0248 0159

) o000 Correlation

4+ 0464 0426 0. 0153

)
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*  Others 51 0204 0092 O

s Acaulospora
*  Archaeospora 67. 0303

*  Claroideoglomus

' 0.5
0

-0.5

. DIVﬂS]SpBI’I 7 0442 0.028 -0.356 -0.446 0.150 70,3:21 -0.310 -0414 0373

* Gloms e . 2=
Pagos o & & L R LS

-, — R S F & F KOG

e (a) BRI, ORRTHR, LORIRIEMR, BRNERT RN O)E P T
FEFORAH RN, BOFRFAAER, WERIEMK, *F R P<0.05 * *FRKP<0.01. Note: Line colors
in Figure (a) indicates correlation, blue indicates a negative correlation, red indicates a positive correlation and
circle size indicates node size. The color column indicates correlation, green indicates negative correlation, and
purple indicates positive correlation, * indicates P < 0.05, * * indicates P < 0.01.

Bl 6 ASV's 7KV /268 73 H7 1l (a) R B E 3% 53 SR AR AH S 20 A #44 B (b)

Fig. 6 The network analysis diagram at ASVs level(a) and correlation analysis between module species and soil

nutrient concentrations(b)

3 i
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HIRTHHA R .

ARG R AR U A B A RE BB RS AT, (HIEE SHEYE LA R SR PR A P i
WA HIEEAPE I SRR, NS 5 AR TR o i F200) . AMF fERSFHid o
BHEAZ T HMAESER, AT IRSEH . BmHIEFR RIS s T,
BRI HIEES ARG e, EMAAFFEFEHAEE T, AMF AR EFEAAEZERT
T 3% AMF Z FEVERTBFIE 25 g iy, G 70 3R B RS AT A H 5 X 35 5 33 A 1
T, HEMsEN] AMF %R, AR TR A RS FHE 7 AR R, 1% AMF 2 5f
PEZER IR, X0]REE BONFE T AT AL = E 5 e LI AL o, A AL . AR
SR EE, MXEREN AMF 2RI RN EE . AMF 2R E 2218 £
PR FRA B R, PCoA TR R, Tl T2 WAAEINEIENAES T3,
T4 F1 TS =Rl 0 IR BE ST R 7 1) AMF B 450 (K 2a). XATRE S INENEA
5%, BRI E RS AR AR SO R R B 2 AR, AT E S
BHEE5F 3 AMF BEE P2 AR R ROR 3, BT 8 /KCF i 3 AMF BER 4L i,
BRIER HACRERERE H AMMAH, XS5 AARAES RS AMF 745 R —84, A
[FFEFHE 7 R IEAL B R, AMF LA F A E R, BT HMALEE, T4 4
PN T Diversisporales J&PIFXT B, [FIRZALEE Scutellospora J& 2.3 5 T I ARALEE
BRI 70 W S 0 R B TR e T R 020, X (A A A A S5 L R R PRI T 13
pH EES T ARG R TEREEREAEFN T AR, AR AMF BEARPREE
7 28R A 3 B BB AR A AR, 3X AT B2 ARS8 H G it I v] R 2
XF AMF B = R R20 . Rk 2 (RIEE R B, SAE A AR KRR RS Ho2 R EE A
FIHA E MR BRI BN R0, (H BRI ROR T RE S Z BV 2 R M, B4 RIERA . <
26 YEMIANZE . AR Ay AR,

T3 AMF 2 5#Y)- 13 RG 50380 AT, Wik, & BEEEE IR RS i LA
K AMF 5 IR HAE R RS, ARWF5EE Mantel 70 TR B,  BEEFEFHE H 5 W)
AN RERT N, 338 AMF XA A )35 70 K7 U RAEE 22 57 o 1338 NH™-N 2 520+
¥ AMF [yt 3870 ¥, M3 NOs-N. SOC. pH. NAG. TN. TK. TP. AK
AP 5 AMF #FE TR EM . DA RN, HIERS P RS EXN AMF AEK. K
B DIRERE AR 2 FEPE SR H0HIE Y, (EAHE 7T H AME #E7%O0 T3 2% 1 e B AN
3, X ] RESE RN A U DN B 2 AL T A IE R KT . REFTIE O RE R, RSO fR
S HIEP N ERIES, THEESENSE, MEMES MRS RES, 2Bah
B RTNE, BEZEDESEE AR, Xigm 7 HIEd el RHME R, AEY
Al AMF $24t 7B B RIE . FEFFC @i ea pUR, oeE HiEsi M, A AMF #2144t
TRIGMAEKAE, HBT AMF EZ 1Y BRFRS AL, s BV 48 R R
BORBU, AMF NS T2 BB 22 4%, 5 BAEY) o8 A 5 R IS R S F s FRETRUIR 77
gy, CHGREASEP. XM REERTER T —A RIEIERS, AR T IR AEEK.
M2, FEFHEH. AMF RS R = F 2 WA EE VIR BEAER G R FEFHE 3+
BAVRASESRSE, A AMF 24t 7 RIFMAFRE . AMF M HRA g5 )
RE, B A RIS S B ST . XM FE AR T IR AT E Y AR K,
WAL RS e gt it T BB SR MAE N IR S — EE AR, AR AR
AMF 5 HAh H3EMAEY 2 MM EER R, (5 AMF L2 B SR ER EMMINEE S, AMF
WU NH4 N [ BT NOs-N, KA AMF AR A 22 U F 4k NHa N AR E N T
NO3-N (NO3-N HH g £hi4 JE B2 40 NHa N X —DIRFE R &), SHEEML, #
A% G T NHs fl NoO WIHEB, X T BB 520 AMF FRAEAE RSBl , 2k st e 5 /8 1)
FAESCRBY, FEFFE T E3E R SR AMF (522 2 5T, AR 3R AR
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MEES), 5 LB IERIEH, R RPHS, LS SR KRB, R
M, BARRFEN 7 MR T Re e 32 3 LR . MR, AMF Fh855 2 MR R 520,
X EHE— 2D BRI SR Y

ZHEFURIL, 11 pH R UUE MR BE LA F ER R, HEFRSWET S LR
IrARFRE I SRB . T 3% AMF BEVR 0 A G DU RAE TN IAIAE BOR &R, HetnA
Tt ¢ v i F B2 55 & (Scutellospora) RN SE FEAE T1. T2 A1 T4 ALFE BT 5 LEGIRAN, %I
LCBIZE T3 A1 TS5 AP & B, SEWIHAE 5 HAb M L B3GR, TIREER
(Glomerales) FNIIRFEE J&(Paraglomus)FIFHXT 3= FELE FTA b3 38 m, wiilEq15 =
T A FP I E R R . AR ST T A 25 I Z8 AL 1) P A 338 34 DR 1 PR A S
s AMF FF IREE R 7T DA, gt VI 552 (0 L3570 febn (435 SOC. AP,
AK I TN) EIEFK (P<0.05), 5 pH 2fAHK (P<0.05), XA LA BIAER VI #EE -
IR K A O BURK,  IF HAZBIUR BRI N IR B E R (Glomerales), [A1H:1E W 7E
AR SR B R X LR IR A P T RE TR . AR, BREE R AR
A, X HIE R A B 2 T, XA A 2 TS R AT IH AT DOE A I 4 32
FHALCS, R A B R E)E . SAEEEN TSR T REAENRIK, RATh
7& HI AMF 15 R PR pRoE 1130 e Ah 3957 43 A8 Al T 350 AR K PGt IR L AEAE IR 3R
At RS e P AR E B T A VI, S ES S E R
AMF P HAE R BOVE E SR . JFH, +3E pH REFN &2 udLd 2 M 74
BMZEYEE (VAT VD, HIEHAAHRKR, Uil pH 2 Lk 3% AMF Y% E]AH B
VERBECRBE IR 1o A b G A= 1 2 18] R AH EL A FH T S Bt AMF B9 25 1 1R 52 0 PEMOT, . DA
A T 9 R I SR AR ) ) 448 PE RS AT O i SN A B N B R I N SRR, AL
R N ZE PR SFOAHDCIERE A L], SERERG NI VR Z (M S E SR, 251 B %
JESGIRMY, X SRR FSE R B EARR A 7 MRS Mg, AMF fEAS [F] 42
ORI 2 S ARSI L], X AT RE A2 RO RS AL B U T T IRy
B, IR RCRR E R AN Ad AR XS 3% AMF BV AR E) 2,

445 i

ANEIREAT 34 5 3B Tt L Ak B 65 25 S - 3R 7 5, IR L it RN e 2
T EHETRSy, MR EIRAC Ty A NH N 250 39 A TR R S T R 9 5 A4 R ZH B ) 2R
R AT IR 7 DL TAERBE, B VI 357 737K A4 o BUEK,
Hrh BRI & (Glomerales) Xt L35 1 AL HTRE J1 58, S HIRMFACIERE, ARokT DAt
PR FIATE N E B (AT AL ik AMF (I8 BAESR R, AT
ThA3E TR0 R R AN e R . Gt DL BRITSE, A RS AT O it IS A A T b X
ARH LR HFETE, R IR E S TR R, (Ll R ESR 3R F 4 7 L3
.
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	不同秸秆还田方式及施肥处理显著影响土壤养分含量，长期秸秆掩埋配施氮肥能显著提升土壤养分，增强土壤肥力。土壤NH4+-N是影响土壤丛枝菌根真菌群落结构和组成的关键因素。本研究网络分析得到7个网络互作模块，模块VI对土壤养分水平的变化最为敏感，其中球囊霉属(Glomerales)对土壤养分变化的平衡能力强，参与养分转化过程，未来可以进一步研究如何通过管理措施（如秸秆还田和氮肥施用）优化AMF的网络互作关系，从而提升土壤养分利用效率和土壤健康。通过以上研究，长期秸秆掩埋配施氮肥有利于华北地区农田土壤肥力...

