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Effects of fallow rotation modes on soil fungal communities in semi-arid area of
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Abstract; Fallow rotation has profound significance for sustainable agriculture in China. Currently, winter fallow system
such as tillage and sunning, growing winter green manure crops, and intercropping with bean crops are practiced and
advocated in mono-cropping obstacle area. Planting new varieties of crops, soil amelioration, scientific irrigation, and
control of crop uptake of heavy metals are carried out in heavy metal pollution area. The seasonal fallow and annual fallow
are enforced in groundwater funnel area. Significant economic, social and ecological benefits have been reachieved after
adoption and implementation of the rotation/fallow modes in three typical regions. A field experiment was conducted to

examine the effects of fallow ( CK), residual plastic film mulching, deep tillage in hot summer, organic manure
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application, straw retention, and planting green manure on soil microbial biomass carbon and nitrogen, enzyme activity and
fungal community in major ecological degradation area of Gansu Province. Soil microbial biomass and enzyme activity were
analyzed while soil microbial DNA was extracted for PCR amplification and high throughput sequencing. The results showed
that different treatments had significant effects on soil microbial biomass carbon and nitrogen, urease, alkaline phosphatase,
dehydrogenase, organic matter and pH value except for catalase activity. The top three most abundant phyla were
Ascomycota, Basidiomycota, and Mortierellomycota. The relative abundance of Ascomycota in three consecutive years deep
tillage in hot summer treatment and three consecutive years fallow after corn straw retention 7500 kg/hm” and 30 c¢m deep
tillage treatment were significantly higher (43.23% and 69.38%, respectively) than CK (33.71% ). Dothideomycetes,
Sordariomycetes, Agaricomycetes, and Mortierellomycetes were the dominant fungus, with the relative abundance of
Dothideomycetes being the highest (60.69% ) in three consecutive years fallow after corn straw retention 7500 kg/hm’ and
30 cm deep tillage treatment while Sordariomycetes being the highest in other treatments (4.11%—24.79% ) , respectively.
The diversity indexes of Simpson and Shannon-wiener in returning green manure of Pisum sativum ( seed dressing with
thizobia 8.5 g/kg) for 3 consecutive years after corn straw retention 7500 kg/hm® and 30 c¢m deep tillage treatment, three
consecutive years fallow after corn straw retention 7500 kg/hm’ and deep tillage of 30 ¢cm treatment, returning green manure
of Vicia sativa for 3 consecutive years after corn straw retention 7500 kg/hm” and 30 cm deep tillage treatment were
significantly lower than CK and other treatments. The abundance indexes of ACE and Chaol in returning green manure of
licia villosa for 3 consecutive years after corn straw retention 7500 kg/hm’ and 30 cm deep tillage treatment were
significantly higher than CK and other treatments. Saprotroph was the main functional group of soil fungi in three consecutive
years fallow after corn straw retention 7500 kg/hm” and 30 cm deep tillage treatment (62.9% ), whereas pathotroph and
saprotroph were the main functional group of soil fungi in other treatments. Redundancy analysis (RDA) and the Monte
Carlo permutation test showed that the soil microbial biomass carbon, soil microbial biomass nitrogen, pH value, and
organic matter content showed a significant impact on the composition of the fungal community. Compared to CK, residual
plastic film mulching and deep tillage in hot summer treatments, combining organic manure application, straw retention and
returning green manure with deep tillage could reduce pathotroph relative abundance, which was conducive to the

maintainance of the soil ecosystem health.

Key Words: rotation fallow; soil fungal; high throughtput sequencing
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RIS T H 48 Kk BB SF £ RIS UAT (36°007 N,103°12 E) |, Hb b B 74 5 4 5 I e B v %X, B 1l
KIBG, 3 BTsiAs 7K L™ 5, JE T 2 T 2 5 SRR 4R 1957 m, AR 8.7 °C, >10 °C R 2750
C,AFEHREN 2 260 mm, HAEPR ZE o0 A3 RN R 24E T fE 7—9 1, 28k 553K 1500 mm, +3EE7
J Y+ 0—20 em 12 pH {E K 8.24, &% 28 28 A YU &40 1.09.0.15.8.25 3.45 o/kg,
1.2 kit

F2017 45 5 A E 9 M EARBHE (R 1), /DXIEFL 56 m*(7 mx8 m) , X [E] i 80 cm, 52 &PlEHLIKIT,
3WEE , SREEY B S ( Pisum sativum) B3 F (licia villosa) &7 558 5. ( Vicia sativa) 755535~ 90 |
45 70 kg/hm® 48 3 em 478 30 em, 45 3 4E(2019 4E 9 H 21 H) I RANTER/NX 42 S L IR 5 Uk
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Table 1 Different fallow rotation modes

115 Code ALFE Treatment
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T, BRI 55, BVRTPE MR ERR S , bR A5 AT , R R BRERIK , i L2k 3 41

T, RIGHE, WA = AR KB 1 W, SR 3 4F

T, H—AFJiti2F 228 (7500 kg/hm? ) FREIHF(30 em) 5 AP 3 4F

T, S —AEMEZE SE 25 (7500 kg/hm?) JREIHE(30 em) JEEEE 3 AR PR EE & 78 AL 0 B Rk
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FHEE B2 E ,SMBC =E /K, E . = B 7% T 3R HLIK BT i 53 80— A B 78 T A AILA B 5 70 880, K - R R

0.45,

3R ( Urease activity, UA) SR HEEH 5 H 3L LA 24 h 5 1 g 13 NH,-N Jif (mg) £ ; itk
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B B Bt i (mg) RN s J5t S Dehydrogenase , DA ) 2R F] = R FE PO e @ ALY (TTC) Fb kil g, Ph 24 h
Ji 1g £3EA Y TTC F R 87K (mg/g) 200 i AL SV ( Catalase activity, CA) K &AM L
PA 20 min N 1 g 3P ffad E L SR i (mg) 7R ;A3 LT ( Organic matter, OM ) 2K FH 51 5% iR 40 25 72 (Ab
Jngag ) i 2 pH (R K H 1:5 B0 pHS-4 ZRERR I 2 |
1.4 3 DNA fRHCS HR ITS B9 4
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8 NovaSeq6000 47 FALINT (JL it REEA D5 BRHE A RAF) 0P 3 IRE R
1.5 Hdasgit
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Taxonomic Units) , -4 FrA BES BEATHISF . SR RDP classifier U133 56 5%F 97% AHK - OTU 483 /5471
PEAT 2R Y B RE (E 0.7, 28 Silva B35 18 3143252415 B, FIH Mothur % {4 ( Version
1.31.2) 47 o ZREMESH (i Python 3.7 #47 B T BE2SHE FUNGuild $cda 2 Xt ARmAbHE )y 2%
4T (ANOVA) L8 HEE (Duncan's test) B AHSEAMTHI SPSS 20.0 k{52 %, >R CANOCO 4.0 4%t 4= 5
B+ B BCE T TS5 -5 SRR BE RS AR 0] A4 AH 156 R UEFT TUAY 0T, 37K Monte Carlo B 408 103155 K
(BB o B RORR S 999 IR, KR P<0.05
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B /INF CK(P<0.05) , AN CK 2R3 A 8%, WFTA R ILAE OTUs $0H K7 458 4~ I LA & FiCh
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Kl 2 SR, £ Ab B ECTR VR AR 2 BETT 10 MY ELTE 153900 . F2ET& 1] ( Ascomycota) (8.15%—69.38%) |
8 T 1] ( Basidiomycota ) (2. 56%—15.63%) . #% /& # '] ( Mortierellomycota ) (2. 01%—7.76%) . 4% M ']
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R EE ] ( Zoopagomycota ) (0.00%—0.02% ) . #i% ] ( Kickxellomycota ) (0.00%—0.01% ) , F 5 F 5 2 5L 1)
15.77%—76.67% ., HA 3R] AHF R I BB 15.219%—75.73% , B3 3 T H
AR GERE, BREGE T Faffl o B ] R T 1A, AR B AR50 K7 b X F A
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Fig.1 Soil fungi DNA rarefaction curves and flower diagrams under different fallow rotation modes
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HEGEARE 3 4E; Ty, S—4EHi2F £ 26 (7500 kg/hm?) EEIHE (30 om) JEIELEAHE 3 48 T, , SB—4Ei4- F 2 (7500 kg/hm?) EFIHE(30 cm)
JEHESE 3 AR B G AR B AE I BRI 5 Ty, 55 —4FHE 4225 (7500 kg/hm? ) TEFIHF(30 em) J5#44: 3 AE P B (4 kg P FHEARIRITH
8.5 ¢) HTEEEAEIH BRI [ 5 T, 55— 6 07 FORFEFER A B (38 4 7500 kg/hm? ) ifi 2F 3£ 3% (7500 kg/hm? ) IRBIBE (30 em) J5 i
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FHy WA T, T, T, AL CK 225 R W2, HoAb Ak 3 i 2R T CK(P<0.05) ;4 B ) IR T,
ARBRYZE T CK(P<0.05) ALY CK 2257 A 35 BRI T, T, TALBLE CK 2257 A W3, oAb Ak 21
PR KT CK(P<0.05)
232 HUKP ERIREE AN

2 s, 45 A B B TR A O A T 35 BE R 10 09 EL B 49 43 90l R . R B T 29 ( Dothideomycetes ) ((1.27%—
60.69% ) F55C 1 49 ( Sordariomycetes ) (4.11%—24.79%) A 24 ( Agaricomycetes ) (1.75%—9.34% ) #f ftl 55 24X
( Mortierellomycetes ) ( 2. 00%—7. 74%) . % +F B 20 ( Saccharomycetes ) ( 0. 00%—2. 59%) . 4 & W
( Chytridiomycetes ) (0.03%—1.69% ) . # %% [# 44 ( Eurotiomycetes ) (0.26%—2.94% ) 475 # 4 ( Leotiomycetes )
(0.19%—1.22%) 3% 1% 24X ( Pezizomycetes ) (0.23%—1.32% ) FRH-Z4( Tremellomycetes) (0.21%—1.35% ) , H:Ath
SMERIARRXT 21 7 25.33%—87.929%  Ferb e TR A0 | 252 T 40 | <pr T 44 M 10 20 o ECRRLEV AR 10.53%—
72.96% ,LHHIX 4 DAUCR LA TE N, BREE T 995N, ELIETE Y 03 2K b &AL BARRS F A —E R R
Hh <R 4 AR N JERERR AN 530 T, (T, T AL B 25 T CK(P<0.05) , HABALFE S CK 2257 A8 i 35 s 3652
WA T Ty THEHLE FHALT CK(P<0.05) , HABAL LY CK 225 AR W38 B dE N T, [T T, T b B E AR T
CK(P<0.05) , Hifh kb3 5 CK 255 3, SO 40 T, 4030 3 KT CK(P<0.05) T, T, T, T, T AbHi i 3%
/NF CK(P<0.05) , HAALHLE CK 22 5 A0 3% NS AHE S CK Z2R A8 FE M T, T, A EE KT
Ty TAEF(P<0.05) s HEH4N T, T, T AL E/NT CK(P<0.05) , HAAL LS CK 25 A 83,
233 AIFEYFLLR

HI 4 1,20 RREFP LR 8 TR R, AR ERPR T LI B R RO A 2 5. CK
1 T, ALBE L Mortierella_alpina F Gibberella_intricans R 3, HeAH X £ FE 43518 3.6% F1 4.9% ,5.3% F1 4.3%; T,
AEFDL Plectosphaerella_cucumerina , Mortierella _alpina M F USATIUM _0XYSpOrum NE, HARX FES 9N 6.6% .
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Fig.2 Relative abundance of soil fungi community at phylum and class levels under different fallow rotation modes

5.3%F1 4.7% ; T,ALBELL Gibberella_intricans . Gibberella_baccata F Aspergillus_niger i FEZ)Fp | AR FE 4351 R
3.2% 3.2% 2.7%; T, TSRELL Mortierella_alpina 3 , AR F2FE 435128 5.3% 1.3% ; THEBRLA Polythrincium _
trifolii } F , AR 59.3% ; T,LALBRLL Mortierella_alpina F1 Gibberella_intricans N E AR5 4.0% |
5.7% ; T AL L) Gibberella_intricans R X EREN 3.2%,
2.4 TIEREIIRERRE

R JH FUNGuild TS ) b B2 - LR 7 0B SR A el 18] 3 W0 ASITE LA 5 57 B4 ( Pathotroph ) J&
A B FE Y (Saprotroph ) | He Az 8 377 (Symbiotroph ) M A TG YA %8 B R R AP RE Ry 32, Horp T AABDLE A5
FRAUR F AR N 62.9% , LIRS AT I F S BB R T8 A 78 7 BT 1 AR G AR b B DL B S 4
MU A E SRR 3 B T, TSN CK LT, T, Ty | T, T AL BT 55 R A ARG 3= B R T I A 3R,

Xf AL AR RS LR DD RESEREUEAT AR OC e M R B i BV SR B S APA (CA (OM £ 3% fi i ¢
(P<0.05) , HISE R E 15 0 -0.470 ,-0.445 ,-0.405 . JEEEFFE CA OM 24 8 IEAHISE (P<0.01) MK
FHG 0 0.839,0.598; 5 UA & IEAIE(P<0.05) AR ALK 0.405, 375 77 A L 3k A 5 3 A (g 3
TEARSE(P<0.05) , AHOC R K 0.388,
2.5 AT S IUAR T

T YRR OGS TR W], SMBC 5 SMBN (DA S 4% i 3 IEAHE (P<0.01) , AHSC R 5338 0.543
0.869; 5 APA & i F IEAH I (P<0.05) , HI3C R ECH 0.408; 5 pH & i 3 FfUAH K (P<0.05) , R ECH
-0.452, SMBN 5 DA 4% 8 3 IEAH G (P<0.01) , HIC R HN 0.490, APA 5 DA CA 2 FIEHE(P<
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0.05) , MR E 0 0.428, DA 5 pH 2 BEFAHMIE(P<0.05) , L RECH-0.475, CA 5 OM 2% B 1E
A (P<0.01) AR ALK 0.702,

R4 FRBRIEAHEXT LEEE 20 MABFHNOETEE %

Table 4 The abundance of top 20 species of soil fungi ( %) under different fallow rotation modes

YIFl Species CK T1 T2 T3 T4 T5 T6 T7 T8

Polythrincium_trifolii 0.01 0.00 1.18 0.00 0.67 0.48 59.27 0.13 0.03
Plectosphaerella_cucumerina 1.12 6.61 1.37 1.95 3.71 0.85 0.75 1.33 1.69
Mortierella_alpina 3.58 5.30 1.97 5.32 5.34 1.33 1.20 4.04 1.31
Gibberella_intricans 4.89 3.22 3.19 4.27 3.14 0.65 0.67 5.70 3.20
Fusarium_oxysporum 1.59 4.69 0.73 1.28 1.56 0.41 0.42 1.36 0.70
Gibberella_baccata 2.33 0.64 3.21 2.11 1.98 0.25 1.36 2.14 0.76
Aspergillus_niger 1.46 0.62 2.68 2.18 1.07 0.15 0.29 0.54 0.20
Phlyctochytrium_africanum 0.09 0.02 0.21 0.02 1.32 0.15 0.05 0.13 0.02
Acremonium_persicinum 0.84 0.87 0.27 1.20 0.91 0.16 0.13 0.57 0.07
Thelebolus_microsporus 0.91 1.00 0.08 0.07 0.91 0.21 0.04 0.06 0.09
Conocybe_moseri 0.05 0.17 0.00 0.08 1.46 0.02 0.02 0.03 0.01
Lectera_colletotrichoides 1.38 0.15 1.38 1.11 0.29 0.04 0.11 0.25 0.05
Pseudombrophila_hepatica 0.52 0.68 0.27 1.12 0.49 0.45 0.28 1.22 0.16
Thanatephorus_cucumerts 0.08 0.01 0.18 0.09 0.04 0.03 1.53 0.06 0.00
Alternaria_alternata 0.14 0.05 0.63 0.45 0.10 0.01 0.04 0.08 0.02
Solicoccozyma_aeria 0.90 1.33 0.43 0.81 1.05 0.21 0.20 1.05 0.20
Trapelia_obtegens 0.04 1.01 0.01 0.35 0.08 0.18 0.03 0.15 0.02
Fusarium_solani 0.94 0.82 0.34 0.67 1.24 0.28 0.23 0.83 0.21
Dactylonectria_alcacerensis 0.73 1.03 0.67 0.54 1.01 0.30 0.56 0.51 0.26
Boeremia_exigua 0.29 0.05 0.18 0.51 0.20 0.07 0.04 0.11 0.01
SR Sum 21.87 28.26 18.99 24.13 26.56 6.21 67.21 20.28 9.00

B OEEERA 0 FAERA O AERE 0 I

100 o —— — — — — — — — —
60 |

20 + —

L W I N H-EN Es
T5 T8
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HIXF=E i Relative abundance/%
S
S

B3 FRBEAMEXTEERDESLSENEE

Fig.3 Functional groups and relative abundance from soils with different fallow rotation modes

XM EC AR VR S5 H 5 R N T HEAT RDA Z0 8 (1 4) | SRR R v 76 P P i ) A B3 00 )
71.56% 4.67% , BHATIEERER (£ 5) ,SMBC SMBN \pH ,OM ¥128 = 3 H R &AL LI E 2 1,
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x5 TEEFHELZHZMEFH Monte Carlo &1

Table 5 Monte Carlo permutation test of influencing factors of soil fungal community structure

[N Factors IR Explains/ % TR Contribution/ % R? P
T M1 SMBC 27 35.3 9.3 0.01
T Yyms SMBN 19.4 25.4 8.7 0.016
pH 12.5 16.3 7 0.012
AL OM 9.5 12.4 6.6 0.016
i AL AE CA 4.4 5.8 3.4 0.068
M A DA 1.3 1.7 1 0.31
BRMEBERR G APA 2 2.6 1.6 0.228
JK & UA 0.4 0.5 0.3 0.638
1.0
Mortierl

Basidiom

Kickxell
pH  Aphelidi r

Chytridi
Glomdtom

SMBN

S

) Mucorome Rozellom

< Zoopagom

g DA

Ascomyct o
APA
0.8 LA
o 1.0

RADI (71.56%)

B4 HER#H#EEZSTERERFRRIHT
Fig.4 The redundancy analysis (RDA) of soil biological properties and fungi phyla level

3 itig
3.1 AR[EEEAE RPN 3 B B 7 2 LA 32 )

ISR AR YIRS FHER I SEACFEAF N R AR TR, AT Ak 2R
R E IO TR H TR R, RO R T A FETC AN T A W E A,
T RETE AR AT L B 8.15%—69.38% , T AL FR L FEBE TR 40 4 3, HAR AL BRLAZESE A0 3, UL 748
TR AN ) Ak 2 S T A AR 1] 3 B e SR S [ AR 2 20 MU AR TR A AR AR S B
ARSI 0 LA RS D SR A L, TR TE T R 3 A L, 5 2 B A R S A
TEFFERAER SR ZL LT B2 o i AR AL A e B Y L ARG b, PRI T, TR BE W E R T CK(P<
0.05) , 4 T, T AbBRARAEIEATIRBE, Posh 19, D71 B Bt 13 B A SRS, (o S 4 st R T %
AR SR AE SRR TR A A DRI 5 B T T AR B IR T CK(P<0.05) 35X W] g5 e A 25 20 A
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K HARZR s 1 S B AR I 2

ANV SR ] SEECRA 1] 4 R ARG T2 BER ], AF 58 SMBC \SMBN (pH ,OM J& = 5 T3 EL R V5 45
7 R AR A B R X S ARLESRAE T HGE R BB A RS FFIA B R 4 - B RTRE % 14 25 PR -k 3
AHURAR—E, TP R IR ZE PR RPE AT IE SR AL F AT HLACHE HT e 1 1
WIFRAEI S fifct B AR T AT BRI SRR, o | de + DRI v 45 A A 1 7 B ™ 5 pHL 52 i) L A TV
GEAL ) FEEEHARME R, X S TR E AR R T A A, DRAh, K 2B R R R R, 5 £ R
FLRR T o BN, 5w | AR 22 R () B ISR 25 ;)38 2 11 0 [ 32 2 SRAROI 121, 5| B 7 AR I Ikt
o3, BB , A PR
32 AFEFAERBR S I Alpha Z2FEIERRZ IR

FERAE Alpha ZFEPERT, 5 Chaol Fl Ace $8EORMSLME YA B4, Shannon T Simpson $8 5l &
FTAR SR 3 & A S Y AR5 W, Chaol Al ACE $5% T, AbBE &35 = T CK, YR T, 4b P 2> fifi
FLE & A BT, 80 s IE ) B 3R OT R IR PRI S S S AL, T T T, T Ak 2R Y
Simpson FI Shannon—wiener $5 4} 3 /NF CK, 3% AT REZZ M LRI FEFFE B FIAEDI 2SR LR G5 m
3.3 ERYIBE IS AN RN RS AR ORAEAR = 1 g i

MR 5 77 5 SR BB 43 A S TR A B R AR AR T SR 3 Rh A i B SR A LR T A
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