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FEIERAERHX L1 AMF 5% R B AR E SRR

L, BAEEE, O, RO, UK, EHM, R8T

(R REZRIRSHE2pe, B 650201)

FEE . FIRFT AR AL B MR ELBR ( AMF ) VA 2H A S 398 A SR ARG e M B 2, A B b 218 R B 58 % 42, R Tllumina
MiSeq #2538 2 I 7 AR 0 7 43 DN 8. AMF B4 20 BRI AR BIESE T 3 FARME R R (V-C) | BEFAIE TR (P-C) | &H-Fok
(F-C) AFEARBE(F-F) X 4 MEET AMF BEE L RS + 3838 M BT R IR B M2 M A S R 45 53R B  F-F, V-C Ml P-
CALFRY >2 mm HARKEGE | R, & MWD ¥ B E T F-C(P<0.05), <0.25 mm FRASEH B EXT F-C(P<0.05);
F-F Ab#Ef5 ACE ., Chaol Fl Shannon 8% F-C 437 i #2155 29. 56% . 35. 78% F1 45. 55% ; BREEFZ)E ( Glomus ) 45 AL B AMF
BRI RE G B 2858 (Scutellospora) TEA- AL B ] 22 5+ 1 3 (P < 0. 05) ; PCoA 4347 & B, PC1 Ml PC2 435l BRI # B T
AMF #7520 A 25 5169 29. 99% H1 22. 40% 5 MHCAEA M B, JE B M E 5T A (AN) FIAH ML (SOM) 2 B E A (P <
0.05) , 5 HALHN (AK) 5 W EAHDC (P <0.05) , BREER B 5 0 0 2 W IEAHC (P <0.05) ; RDA 437, AMF ZH:4E
(Shannon F8%0) FUGE E M2 E /095 >2 mm A2 ~1 mm FARIESEH B ETFMHE(P<0.05). Hitk, FERBIE TRIEE
KA TR 5 R IR RS E RN DS AMF JEVR 2E B, 09195 45 28 0 3% [ g ] #%1@%%%&%ﬂglﬁ§wﬁﬁ = ﬁﬁf‘ﬂfﬁt
PR (LR 5% , { 1

~—

SEEER AR (KB S VISR BRI (AMF) . ZREYE; PRmikilfy, 2 i
HESES: X144; X172 XEFRIREG: A XEHS: 0250-3301(2023)09-5154-10 DOI: 1'0 13227/j, hijkx. 202210035 Ve o

I F

Effects of Annual Crop Rotatlon and Fallow on Soil AMF Communlty and Aggregate

Stability . | N/ B2 J) @ y &
LU Ze -rang, XIA' Zl-tal LU Mei, ZHAO Ji-xia, 1L Yéng- V{/A'NG Zi-lin, FAN Mao-pan * u
(Collegé of Resourcés dnd Erlwronment Yunnan Agnculturdl Umverslty Kurrmmg 650201, China) ‘A -\

Abstract: To investigate the effects of crop rotation and fallolv ot the conilmunllv composition of arbuscular my corrhlzal fungi (AMF) and the stability of soil aggregales AMF
(’Olnmliglt\ and laggregates Were measured using [llumina MiSeq high- tlnoughput hequen(mg and wet screening methods in red soil of sloping farmland. The AMF community
and'its reldtmnshlp with soil factors‘and aggregate stability were studiedl under-the four-r'trealments of vetch rotation corn (V-C), pea rotation corm (P-C), winter fallow corn
(F-C)/, and dmmual fallow (F-F). The results showed that the aggregate contént of >2 mm, R, ,s and MWD in the F-F, V-C, and P-C treatments were significantly higher
than those in'F-C (P <0.05), and the aggregate content of <0.25 mm was significantly lower than that of F-C (P <0.05). The ACE, Chaol, and Shannon indexes of the
F-F treatmént were 29. 56%, 33.78%, and 45.55% higher than those of the F-C treatment, respectively. Glomus was the dominant genus of AMF communities under all
treatments, whereas Scutellospora showed a significant difference among the treatments (P <0.05). PCoA analysis showed that PC1 and PC2 together explained 29.99% and
22.40% of the difference in the AMF community composition, respectively. The correlation analysis showed that there was a significant negative correlation between
Scutellospora and alkaline nitrogen ( AN) and organic matter (SOM) (P <0.05), a significant positive correlation between Scutellospora and available potassium (AK) (P <
0.05), and a significant positive correlation between Glomus and alkaline nitrogen (P <0.05). RDA analysis showed that AMF diversity ( Shannon index) and Scutellospora
were significantly and positively correlated with aggregate content >2 mm and 2-1 mm, respectively (P <0.05). Therefore, annual fallow and veich rotation com were
conducive to improving the stability of soil aggregates and changing the composition of the AMF community. The research results provide a theoretical basis and reference for
the annual rotation system to improve soil quality and implement a reasonable crop rotation and fallow pattern in southern China.

Key words: crop rotation; fallow; green manure; soil aggregate; arbuscular mycorrhizal fungi (AMF) ; diversity; high-throughput sequencing
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B S T B4R FOK. 70 R W R ol ARG B T
(AMF) & —Fliet% 5k 129 80% (A R H T
St 3 R LI , AR LR TRV 1 S 2 R
Sy RIS 5 o v B R R B R
0010 S ks A RS | W S R
miﬁ%ﬁg%ﬁéﬁ%m  CHBIE R, S
PRBRI SIS IR T 5 #E 2 PR Y 1) AMF 58 B8, 1M
AMF AT A3 5 45 150 4 22 1At -+ 343 W i S 8
YERIR A Zad B2 TR E AMF 433 GRSP %545 #L
e At 398 D 3R U1 I 18, DT 34 L
BRASBI A A ATFE 2] AMF A LU
FRZ M) (SN BRI R BRIR) TP | B30
WYRT A L IEURI AR e | WA ) A A B
(TR RIREE . Zhang %119 BT R, 5475 1458
ZY A AMF I+ 5EHT G, AMF 2 58 1 25 4
T AR AR Sk (> 2 mm) . Zhang 57 B
GYFEH IAIVE 2 453 3o O 3R 53 1 AMF 1 2 4%
P | 00 498 P 3R A 1 I B R R S A Wrighy 261 %
LI B DS /N TR, /N T K/ K s
3 ALK T 0 15 e LA i
T et AV ’%&% R m%ﬁﬁﬁn%@ﬁﬂ?‘fﬁﬁﬁiﬁ?i
4 A SR R T, AMF ﬁfrua:m%aﬁ:eﬂmy%m,
{HE FAEACE PR B 1 AMF Ei/%ﬁlﬂ%zﬁiﬁ/ﬂﬁﬂ
%%i‘a%wﬂlﬁlﬁﬁnﬁiﬂl?&l_ ‘

I ztsﬁwxifﬁmqaemﬁﬂﬂ% mﬁg
TRAREA(V-C) . BEEHIETEK(P-C) . ZIH-E
K (F-C) FFEEARBE(F-F) X 4 ASA0BR, Z#r L3E%
55 AMF e 1A 3 A/ R ] b 3R (9 754k , 5

TOA T HE— 4307 AMF Sof [ 38 {201 J R R 52 A
(S, A1 24 7 B 0 6 A A A 28 I 4
B RS R B BRI B

1 #R57EE

1.1 X5 A

AR5 H R0 T = F 44 B W B e X A fe
T RAEA (25°02729"N, 102°5839"E ) #E47. 156 3
YeBE Ry 100, )@ B R R 3R KU, 1R R
2234 m,4EFE K5 R 900 ~ 1000 mm, 4F - 25 i
16°C. KIAENM IR T 2018 4EIT 4 , AL 56 T 2020
10 H IR 4R, A HE AR AL BT R . pH. 5. 20,

o[ AHLF(SOM) 130. 15 g-kg ™", o[ BfitE (AN) ]

115.3 mg-kg ™', o[ B W (AP)]6.41 mg kg™
o T (AK) 192. 36 mg-kg ™.
1.2 kST

AR/ NX RN 4 m x5 m, iR B THRIEE

SATHEK | BRESEVEML. FERETESE

K(V-C) |, BEGFAEEK(P-C) ZLH-FEK(F-C)
FJEAEARBE(F-F) 3% 4 bR A0 R 3 R,
12 AN, K PN X BEHLHES. BER1EY . oK
(=FG“887)  JeM LA M bk 25w g, H,
V-C fl P-C T 2020 4F 10 A FMEZE T, BiG, B4F 4
A& Mg & 8 % 5 FidE £ oK F-C T 2020 4F
10 H FRBOGRIGHEATIR IR, 4F 4 ikl £ oK IR
B b 00 R R A B, PR A K A R ) T2 A
Wi 5 ( Oxalis corniculata)
K& 2% ( Clinopodium chinense ) . [&] Mg %% ( Malva
rotundifolia) . 5" 7 2E ( Chenopodium foetidum ) . Fk
S 5 ( Gnaphalium hypoleucum ) Fll K 3%
acer) %.

KR TEZEATRE , S8R TATHE 43 514 80
cm F140 em  BRIAIEEHy 25 cm. LA7CHE ) JpaXRE
BB WIRL, MR CRE 1 AR, i’*/l\lﬂﬁ*ﬂ@%ﬁ
9 17, [47 16 Hhks a%%nﬂﬁﬁ%ﬁﬁﬁ%ﬁiﬁﬁﬁ ¥
ﬁ%ﬁm%ﬁ:}aLI&Z%EVKE’JW”E&IE/}\EFF* ?%%FP
TRIER 2 ~ B cm. FREF PR MRS MG AL, ﬁfﬁN 315
kg-hm >, P,0; 120 kgthm/? JK,0 120 kg-hm 3, Hif
U5 PR (50% B MBS 50% MGEAE ) , JE7EsLue
FUISTSENE 0 B N S PR A 5 %5 T
B e e
FIVE K Je PR 55 | Je AR VR A R 34 il i
Wi 7 JE
PEAT B AL PR, T B A I A g R e N
10 300. 13 kg-hm 2, FH 42 631. 20 kg-hm *; Bt
M TH 2 6 5 49 738. 13 kg-hm 2, T 5 Jy2 193. 87
kg+hm =2 PRBFHIAS SEA T4 55 FH ) 45 2.

1.3 FEACREE

18 2021 4 F oK U FH s B R A2 0 ~
20 em + 20 R IR RERCH 3 AR RLAERETT 15
F R A PORAE IR 2R 4522, bk s ok
P AR R AR Bl W — o B AR A SR &
P, DAORRE 3 JFCR S5, 0 e %44 T T JE H
?ii%@miﬁ%%nﬂ%aﬁiéwlm, Ty LR
A 10 mL JCR B0 A I RETE K &N, T iz (1] 5
Rz I AL B - 80°C AR IR VK AR b R A7, I T2
+ 3 DNA.

1.4 FERIE
1.4.1 3R IAM: BT e

+4 pH R 1:2.5( £: K) 242, pH I 5E
- A AL I A R A R A A A
SR FHEILECE /U i Z0R B ik s &k
T 5 SR B A -0 B T b (i s SOl N R P
TR A AR B L B 5 SRR I 5 SR ) £ TR

( Digitaria sanguinalis) |

% ( Erigeron



5156 EZN

i

oo 44 %

BB R
1.4.2 IR 2 R A8 AR5

K H Elliott A FR AR M 5E >2 mm | 2 ~
1 mm, 1~0.25 mm 1 <0.25 mm X 4 SRiAR 7K

Fatk A B AA , P B R R e AR T 8 A s
>0.25 mm KFEVERTIRIA S # (R, )
Ry = M, o,/ My (1)

Ao M, .05 FRAE > 0. 25 mm KFRME A R AR T &
(g); My KT RIK B R (o).

PR E A EAR(MWD) ;
MWD = wa (2)
K, v, WA @Kiﬂ@%il%%%ﬁﬁéMm ,

R | GUKFRMER R BT 040 (% ) -

1.4.3 13 DNA $2H0, PCR 93 K A5 B A= 00r
MR E. Z.N. AL soil 18077 & B4 MG fl 2 1+ 3

DNA T 1% FYBUIR B I B 9Kk A DNA. B3R U5

2. PCR % TransGen AP221-02 . TransStart F’Esfpfu

DNA Polymerase ; 2= #PFEA EEE—tiﬁgﬁ\%&’ﬁ:ﬁ/4

TAFEA 3 A K [F—FEA ) POR F%(EAF__‘

H 2% ?Egﬁ@%ﬂﬁ( HE K ASIN P AxyPrep A {lﬁ R
[ g3 551 (AXYGEN \1)@1)&@4& F%
i Tris (HCI éﬁ{‘#‘{& it 1 {%Hﬁ 3 H 2% f'ﬁ *fﬁEE/](

e sl NanoDsop 2000 W 5E DNA' v ?FHJQiE
Efﬁ’#q%ﬂ’] AMFDNA SR 3% PCRAT 1 48 — 3
519 AMELF il AMI2R, 28 X 5|9 . AMV4 5NF’
il AMBGR. 2 R HL TR A f 45 51 PCR =9 1]
QuantlFluorT MoST #5698 E B R 50 ( Promega 23 1))
PEATRGIN S 2t , SR I e BRI REAS ()0 i 0K i
TTARR LB A, TP #E MiSeq PE 300 “F- 5 47
( BV A 2R A BR AT ) .

A Flash 1.2. 11 #£47 pair-end X /7 51) B
$% , /] Uparse 11 #47 OTU R B rfa ke 36T %
FIEA1 499 HEATHIF- | LLF 5 /9 OTU 2 B R A7
JEEE A AT &L i Uparse 11 78 AL E
97% KK EdEFT OTU R, T 15 544 OTU
¥R 432545 B, R RDP classifier D1 -7 54
TEXT 97% MUK OTU AP 5 R 47 43 524 5%
Mr, 815 E B {E N 0.7, ff i Mothur ( version
v. 1.30.2) #47 o ZHAEI T
1.5 Hdiab

FIF Microsoft Excel 2016 4% {4 3 47 805 i 2%
HL R HT SPSS 23. 0 TG b s BTN 27 22
ZHT (One-way ANOVA ) P-4/ AS [R] 4b B 8] 45 4~ +8 A5
2253 W H Origin 2021 KA1 T2 1K RH
Canoco 5.0 ¥ 1F 47 90 4% 70 #rs 1 AL R 1n =
(version 3. 3. 1) #E17/Spearman #H 1% ﬁﬂfﬁ

2 #R5HH || / 7

2.1 W’Eﬁtﬁﬁﬁ?iﬁ%l%‘éwéﬁﬁzﬁﬁzﬂ@’r ?’F

TH?%Wﬁiﬁﬁ%ﬁﬁi%l%w
FEPERE A (9. V-C I FF LEEE’J >2)
mm ] B K& B H EC B EEES T 29. 71% il
66.99%; VC’PC%HFFE’JRO 25&chii%
PE T 20.29%% 16. 80% HI 33.47%, MWD %2 F-C
b AN T 23.38% . 19. 48% F1 44. 16%, T <
0.25 mm B RIKE B F-C A B EFRMT
32.89% , 27.23% F135.06% . 2 ~0.25 mm M Bk
THEELSMHZE T EEES. A, S
R, ,s» MWD HKE/NHIF N . F-F > V-C > P-C >
F-C, it F-F 4b 355 A A P 1) 22 5P 58 B 3% K
F(P<0.05).

®1 REKSEITHARGAR SRS

Table 1 ~ Aggregate composition and stability under crop rotation and fallow pattern
b3 SRR % MWD
>2 mm 2 ~1 mm 1~0.25 mm <0.25 mm Ry 25
V-C 18.51 0. 55b 22.23 +5.43a 33.66 +2.17a 25.61 3. 16b 74.39 +3. 16b 0.95 +0. 06b
p-C 19.70 0. 81ab 18.48 £2.65a 34.05 +2. 16a 27.77 0. 56b 72.23 +0. 56b 0.92 0. 02b
F-C 14.27 £1. 53¢ 15.56 £1.23a 32.02 +2.31a 38.16 +2.24a 61. 84 2. 24¢ 0.77 =0.0l¢
F-F 23.83 x1.77a 15.44 +1.44a 35.95+1.33a 24.78 +2.93b 82.54 +2.41a 1. 11 0. 06a

1)V-C, P-C F-C Hl F-F 73 5IFRE TRAEEK | SRR T R | A H-FR BRAERBE; Bi PRI + brrfe 22 ; RS RS PR IR A

[ P R A AN ) b B ] 22 5 2. 35 (P < 0. 05)

2.2 RARARHE T 18R AR R RRE
ANFFEAERBE AL 3T B H IR AR 45 57 (R
2).V-C 1 F-C kb FEAY pH W25 T F-F AP (P <
0.05) ; P-C 1 F-F 4bFE R 9 SOM 5 2 8 & = T F-
CHbFE(P <0.05); F-F, V-C 1 P-C i AN &%
F-C W EHRE T 22.52% ., 9.01% 1 11.51%; P-C
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Table 2 Characteristics of soil nutrient changes under crop rotation and fallow pattern

Ab ¥ pH ©(SOM)/g-kg ™! @(AN)/mg-kg ™! @(AP)/mg-kg " o(AK)/mg-kg ™!
v-C 5.17£0.32a 31.54 +2.25ab 103.72 £3.35b 16.34 £2.70ab 154.63 £5.65ab
P-C 4.91 +0. 04ab 33.73 +1.24a 106. 10 £2.09h 13.28 £0.85b 164.29 +24.20ab
F-C 5.30 £0.07a 26.12 +2.37h 95.15 +3.28¢ 18.39 +1.89a 178.71 +7.26a
F-F 4.76 +0.08b 37.22 +3.30a 116.58 £1.32a 15.14 £1.53ab 143.27 £5.17b

1) SOM 7R LA HLET, AN SRR AR A, AP 7R BB, AK KR AR s [l FUAN ] /NG 5 136 [] — B3 70 A [ b 8 2 53 B 25 (P <

0.05), FIH

7B K 31140 000H , OTU kA AL T FRk 245 (1
1) P45 R A RE S S WY B AS 1) 261, 45
20 AMF 00 7 5 e A B 38 0 J5 229 rh i 2L
M PR AR L3RS 78 4> OTU %k H (&
2) T BIFR IR AT LT 18, 5 B 7
B, 11 J&F127 Fp. V-C, P-C, F-C fll F-F " frfu &
1) OTU 3k 55, 56, 56 170 4~; HA1H) OTU
HOh 36 A5 R OTU Kbl 1,41 F18 A,
F-C 5 F-F 341 OTU %k 53. EELH:TU?%‘F C

5 F-F Z (8] .
AN FEEEVER B AL X AMF =5 5 B 1 22 R
USR] (% 3) . Hrp  F-F A3 B Chaol 1
ACE #8805 F-C W35 4 = 35.78% #129.56%,
V-C fl P-C &3 Chaol . ACE 1 Shannon 35 %%
B OF-CA WS 3, F-F 4t P F (9 Shannon 1§
B F-C &Iﬂﬁ%&l—em 45.55%. éﬁﬁg
LEFR ) AMF %ﬂ%ﬁﬁ$@f“&§1¢ el F-

C(P <. 05) !"J

%3 RIPRAT AVF ERERS R r&mmn |
= Table3 Effectql of lg:rop rotatl@ and-fallow pattern on soil A};IF richi
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2 | vCie® '.'f i 42.00 +5_..Qoa.|g:"'..-’.-" +4.26ab /021 +0. 09ab \ 2.15:0.35b

1 i 7

| | Pca L'- 41.83 +8‘-,31 r .00 +8.40ab # ﬁ 14 +0. oe;dq | 2.43 A_c'ﬂ'.,l‘gab*
U rq| : 36.50 = 4. 69 {Jj, 8.94 6. 09 \ '50 25/20.10a | :, 1.91 10.37'1).%‘
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Fig. 1 Rarefaction curve of soil AMF under crop 2 BIEMREER T AMF OTU %14 B E

rotation and fallow pattern

2.4 FRAEABHERT AMF J8/KF R 2RI R

TEJR K- F XS AR AR FR (9 AMF B 9% 2H i it
Fi53HiAs i (Bl 3) , AMF #9754 J& OTU % H 5 &
OTU 5 H 1 L Bl I/ NIUY Sy BRI JE ( Glomus) | TG
PR R (Acaulospora) | ZRERBERE R ( Paraglomus) |
F 1t % % )& ( Gigaspora) . KA T BH K 77 K&

Fig. 2 Venn diagram of OTUs distribution of soil AMF

under crop rotation and fallow pattern
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( Scutellospora) , H:H ER P2 J& MLV E | & B 0 3
B IR AR AL BRIR) 22 573 .35 (P <0.05).

FF Bray-Curtis B 5 5 3% 19 £ A& br A7
(PCoA) W (&l 4),PCl #1 PC2 h/r WM B T
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Fig. 3 Distribution characteristics of AMF community StI‘IlllCt.l.u\_S
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Fig. 4 PCoA plot based on Bray-Curtis similarities of AMF

community under crop rotation and fallow pattern .=
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Fig. 5 Relationship between AMF diversity, abundance of genus levels and soil nutrients under crop rotation and fallow pattern
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