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Abstract: In order to study the relationship between changes of soil fungal communities and its driving factors and winter
wheat yield under straw mulching and nitrogen application, we adopted a split-plot field experiment that the main factor
included no straw mulching (NSM) and straw mulching (SM), and two nitrogen application rates of O (NO) and 180
(N1) kg/hm’ were used as the sub-factor. Soil samples were collected during wheat anthesis. We measured soil nutrients
and analyzed the community structure and diversity of rhizosphere fungi by Illumina Miseq high-throughput sequencing
technology. The results showed that wheat yield of straw mulching (SM) treatment was increased significantly by 40.3%
than that of non-mulched (NSM) treatment. NSMNI1 treatment significantly increased wheat yield by 75% compared to
NSMNO. SMNI treatment significantly increased wheat yield by 92% compared to SMNO. SM treatment significantly
increased the contents of soil organic carbon (SOC), total nitrogen (TN), available nitrogen ( AN), ammonium nitrogen
(NH;-N), available phosphorus ( AP) and available potassium ( AK) , but the soil nitrate nitrogen (NO;-N) content was
reduced than that of NSM treatment. No matter whether straw was added or not, nitrogen application significantly increased
the contents of soil TN, AN, NH;-N, NO;-N, AP and AK. Straw mulching increased the Chaol index and Shannon index
of wheat rhizosphere fungi, while Chaol index and Shannon index were decreased in N1. Compared with NSM treatment,
SM treatment significantly increased the relative abundance of Basidiomycota and decreased the relative abundance of
Mortierellomycota, but there was no significant difference in the relative abundance of Ascomycota. NSMNI treatment
significantly increased the relative abundance of Ascomycota, while the relative abundance of Basidiomycota and
Mortierellomycota decreased significantly. SMNI treatment significantly decreased the relative abundance of Ascomycota and
increased the relative abundance of Basidiomycota, the relative abundance of Mortierellomycota decreased, but the
difference was not significant. At the genus level, SM treatment significantly increased the relative abundances of Psilocybe ,
Curvularia and Nigrospora, and significantly decreased the relative abundances of Mortierella, Mycosphaerella,
Sarocladium , Fusartum and Scytalidium compared with NSM treatment, while the relative abundance of Pyrenochaetopsis
had no significant difference. Compared with NSMO, NSMNI1 significantly increased the relative abundances of
Mycosphaerella, Curvularia and Sarocladium, and significantly decreased the relative abundances of Mortierella and
Seytalidium ; SMNI significantly increased the relative abundance of Psilocybe, Curvularia, Sarocladium and Scytalidium
and significantly decreased the relative abundance of Mortierella compared to SMNO. LEfSe analysis showed that Psilocybe,
Curvularia and Mycosphaerella were the key fungal genera for straw mulching combined with nitrogen fertilizer. Based on
RDA, soil SOC, AK, AP, AN, TN and NH;-N contents had significant or extremely significant effects on fungal
community structure. Further analysis showed that Psilocybe, Curvularia and Scytalidium were associated with wheat yield
under the conditions of straw mulching and nitrogen fertilization. In conclusion, straw mulching combined with nitrogen
fertilizer is helpful to improve soil nutrient availability and wheat yield, and help optimize soil fungal community structure,

which is of great significance for improving soil fertility and crop productivity in the hilly drylands of Sichuan.

Key Words: straw mulching; nitrogen application; wheat yield; soil nutrients; Rhizosphere fungal community; high-

throughput sequencing
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FEPES RIBUE HORE R 45k B b W R E Y B IR R B 2 b B Re 1 TERE FTRE
i AR b ELRR I AT A B RA  BRFSERII D  REFEAA A BT e L BBV 1 T B
AR ELR RS (BB TFOA RS FFIE 2 R REC B Alpha 2R b2 ZUIRJE 3 i /4 7 5t HTIC
b ARt 2N 22 AR L BT RES 2 AR RN BUIE IR TR 4k 7 e, i S L3I IO o B4R
HATE B Bl L DR RRE T 2 A 78 A L PR IR 38 | A i A Oy RN R B e 5y i R S A
it 2R - 98 L BRTREE 1A ) B RFSE ) EUB O 78 TSR 2N 0 £ 55 o) AR o 20 B R % 4540 S (R V)
HER ISR

ABFFEIE T KSR (0 1R 2 4 AFRS AT i S5 0E 73058 , >R ] Tlumina Miseq U2 H0A , BP9 EC R
AR AR R AT i S A AL, A S TR R s HLR S R I SN PR R I R AR, O A R
2200 AT ) AN /N A A T BRI B AR

1 #RERHE

1.1 BT XA

ZENRS T 2015 4E7E DU A8 T L 7 2R s B KR (30°047 N, 104°137 E) #E47 10560 1 & W #4347
Z IR S, B S K 482 m, AEXFEFR I 1009.4 mm ARSI 17.4 °C, IR R0+
RIEVEY) 0 Bk TS X T RN NG HAEY) . 2015 4R8P 4R i 38 (0—20 em) JEAHAE 7 . pH 7.82 (£
K= 1:2.5) ,HHLE 16.9 g/kg, 2% 0.83 g/kg, =M 0.86 g/kg, 241 14.0 ¢/kg, Blf# 5 68.2 mg/ ke, #HALHE 9.3
mg/ kg, AL 158.2 mg/kg,,
1.2 AWt 5k

IR R R R IX BT, E XN ERFEF R R 35 (SM) 5 AR 35 (NSM) 5 2L X R W Fp A& K
O(NO) F1 180(N1) kg/hm* , 3 f 4 A~4b3 AP 4 IRE R, /NXTE AN 30 m*(6 mxS m) ., FrA
INKRNE R IR E (N 46.2% ) B REFNERAE 2351 A i BERES (P, 0, 12% ) FIE LA (K,0 60% ) , BEA0IE FH w344
75 kg/hm® , 60% MRS Fr A B IEAE A AL S0, ol BIE T/ N2 W DB IE . FRAE 8 H N A9t
FRAUBA B2 ST 00 /D X R T, FE AR IR B2 20 S em, B 35 54 8 000 kg/hm® , F£F 2018 4 10 HJiE
SRR RERI N (1122 104) ,FEAH S 2.25x10°Fk/hm® , T 2019 4F 5 3 _FAgWeaf, Ao 455 48 4 it [+)
A A=
1.3 FEACREE

T 2019 4 /N FFAEIRAE H HERE S, U AR PRy e g ) B A IR AR 15 MR/ IR B
MRANZEAZ Y R MR R B AEAR 2R 00 L SRR B | i Y AR I R S iz i 2 S e =, IFE-80°C T
A7, BL 2 DNA $2H0, [FIBRA“S"IE 5 U RAECR A 0—20 em AEARPR IR 1A LA 725 Y XL A 28
KT T RIS NE . TN BEAEIEE 4 m* BT/ N PP e
1.4 T HWE 5 75%
1.41  +HIEFEPERRIE

SR FH A% R -2 vk 5 A LK (SOC) |, LG U A & (TN |, B &0 (AN SR FH B 7 107 , o
B (AP) i 0.5 mol/L NaHCO, 3= $2- A8 L (i, 54 ( AK) SR FH MG BE I , 458 pH {H (/K £
Fb 2.5:1) RAT AL P, SR SALEN (KC1) 12 35 B i b (32 I 2 B A 0 (NH =N FIDBUE 436 6
W E R A A(NOS-N) 2
1.4.2 -3¢ DNA (W HE RN PN 5 S ] B DX (1TS ) B A ) v el

HERAFRI 0.5 Hr i 1 e fifi I 5E [ MOBIO /A /] A4 7= %) Fast DNA Spin Kit for Soil 3857 £ 2 FE U 1 45 2 HL
34 DNA, SR 2% BNE WHEE I i SRS I 4R  DNA RO 20 LUKk 3, St fi P ECTA 18S 5148 ITSSF . 5'-
GGAAGTAAAAGTCGTAACAAGG-3', ITS2R:5'-GCTGCGTTCTTCATCGATGC-3', ¥ AR Z N 25 wl, FEM KL
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474 wL 5% FastPfu Buffer,2 wL dNTPs (2.5 mmol/L), IE X 51 # 4% 0.8 pL (5 pmol/L), 0.4 uL FastPfu
Polymerase F1 10 ng £t DNA ,ddH,0 1 7#b FE 2R, P34 25040 P ik B9 HAR S E0E: 98°C Tl AR 4 2 min, X
FE N 98CHFLLATVEALFE 10 s, 8 N 55°CHEA TR K AL HRIFH54E 30 s, BE5E A 72°C AT REfR AL FERLE 30 s, £F
5230 MG, SFEARLHEAT 3 IEE HRAE W FFEAR G BE U (PCR) =Y T A SOR & 2 )5 15
2% NEAREE B HEA T HL KN 2 TAE , S8 AT R4 S5 AT Ry 38 T A B . PCR 7344 H AgencourtAMPure
R4lifk. ( Beckman Coulter, fifi FH PicoGreen dsDNA 3] & ( Invitrogen , Carlsbad , CA, USA) ) J J&& % 1= 43 #r, LA [
PEVR A TIR G402, SR Hlumina 23] MiSeq WAL 5E BUT 514301 (o1 _F IR AR v 2E W RHE el A7 BR S
WISE) o ARAFELG P55 2047 0T i, 76 97% 13 5 AL 7K 7 b R 2 BT 454 19 432 550 (OTUs ) |, X i
RDP I UNITE $588 FE AT 43 280 ARIBU N Y LB 43 28225 B o D7 4R 15 1y HLAR % C 4% 28 51 NCBI SRA
Bl e, BRSNS S 80U : SRP346982
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B/NREZER VL (LSD) #HAT F Y (H B FH L & A (P<0.05), £ T Bray-Curtis #1525 i 3 A8 b5 20 7
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FE15 56.1% NOS-NFr B3 95.5% AP S48 11.8% 1 AK & E 1.7%, X5 0%, WA ES AL
HAZ AR X 3 pH 008 F 0,

®1 BHESSHEENTEFRSHZM

Table 1 Effects of straw mulching and nitrogen application on soil nutrients

e SOKE AL Eoe TR AL ’f\iﬁ’f& ﬁéjiffk A R
Treatmont N lowel pH S0C/ TN/ AN/ NH:-N/ NO;-N/ AP/ AK/
(g kg) (g/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
NSM NO 8.02a 9.12a 0.87b 57.30b 1.84b 6.58b 7.51b 163.86b
N1 8.04a 9.64a 1.03a 64.21a 3.78a 14.54a 8.26a 170.94a
Mean 8.03 9.53 0.95 60.76 2.81 10.56 7.89 167.40
SM NO 8.01a 13.62a 0.94h 61.53b 2.85b 5.58b 8.44b 198.08a
N1 8.06a 13.90a 1.08a 69.32a 4.45a 10.91a 9.44a 201.49a
Mean 8.04 13.76 1.01 65.43 3.65 8.25 8.94 199.79
F1H M 0.02 n.s.  262.33** 35.93** 235.06 ** 91.74** 69.43 " 34.25" 1790.80 **
N 1.11 n.s. 1.26 n.s.  137.72** 134.76 ** 368.33 " 455.80"" 49.51*" 495"
MxN 0.24 n.s. 0.13 n.s. 0.64 n.s. 0.47 n.s. 3.50 n.s 16.65 ** 0.96 n.s. 0.61 n.s.

NSM FI SM 43| 2 /R JCHS FF 7 o6 FIRS FE7E 25 A0 B, MOFN N 23 28 /R s P78 o Ak BTG 220K B NO R Rt 20, N1 /R Jiti Uit 180 kg/hm?
ANE/NG FhEF 7% NSM I SM LB P E K P 2 6] 2% 53 B3 (P<0.05) 5 + Fl + * 378 P<0.05 il P<0.01;n.s. FRI%A BELH

2.2 FEFFHE a5 55 O AR PR 2L TR 25 1 IR Vi 5 440 1) 5 i)

H P 2 ] R AR i Rt 800 /N A AR P T B A 2 T 8 ( Chaol 45 %80) AN Z2 B4 (Shannon $8%0) 947 .
F R R, RS AT (SM) AHXS JC i (NSM) A BRA F T4 s/ NE R PR B RS 5 5 2
TR EESE i Z AL (N) 5 Rt (NO) b BELAR Lb 25 B T B R B E -F | B 2Rk LR R
F & HZHAPELL SMNO Ab¥ Ay, FLR RV LA B R[] ( Ascomycota) (1147 1] ( Basidiomycota ) 5 #% i 8¢
I"T( Mortierellomycota ) A Fir A3 AL BRI PEIA T (8] 3) , HARXS 3553 510 26%—49% 4.61%—26.9% F1 2.71%—
14.5% , SM AbFEAHAL NSM Ab $H 5 25 18 40 18 1T RN R AR PR 2 T T AE 0T 32 B, T2 B T TR AR O = B T I 35 2
S (3R 2), 76 NSM AT, it 800 35 1 02 0 T A A = B P TR 11 5 B A AR R 3 B R S A, A
SM AbHf it S0 Ak 3 i 2 AR R TR 1D AR T2 B A T R R X 3 B S S, e 1T I A X R R

800 | * 10 - .
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*
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Fig.2 Alpha-diversity of bacterial communities in wheat rhizosphere soil under straw mulching and nitrogen fertilization treatments
NSM FI SM 43l 375 JOREFF 3 25 FIRS FEAE 26 A0 3 ; NO R A, N1 /R U 180 kg/ hm? s AN [Al/ING FERE S R NSM Al SM b3 Py &K
2225 B E (P<0.05) , * * Rtk (P<0.01)
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% (AT 225, Mm-S b (18] 3538 2) ,SM AL B NSM AR B 208N 1 OL <& ( Psilocybe ) |5 fL &
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J& ( Sarocladium ) | % 7] W J& ( Fusarium ) ¥ 28 J& ( Seytalidium ) W) A X 3 % W REAR, E A BB
( Pyrenochaetopsis ) FAIXT B TC B 2 25 5 . 7E NSM ALBR b it S8 40 BRA AN i 0 AL 30 i 8 0 T BRI R 2
760 T Ja o Rl 2 S ARG T B S 2 R AP 0 B S R TR ARG 35 B 5 AE SML A B it 2000 e 3 i O 5
AJE AR AR R AR R AR T R PR A R AR R
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Fig.3 Bacterial community composition in wheat rhizosphere soil under straw mulching and nitrogen fertilization treatments
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Table 2 ANOVA of fungal community structure under straw mulching and nitrogen application

St "] Phylum
Treatment Ascomycota Basidiomycota Mortierellomycota
M 2.9n.s. 843.8** 63.6**
N 16.6* 206.6 ** 155
MxN 110.9 597.8 8.7n.s.
Qb3 J& Genus
Treatment  Pgilocybe Mortierella ~ Mycosphaerella ~ Curvularia  Sarocladium ~ Pyrenochaetopsis  Scytalidium Fusarium Nigrospora
M 3427.5 %" 647.4* 1077.3** 1198.6 ** 446.2** 0.6n.s. 171.5** 57" 430.0**
N 23853 " 217 14.0** 935.1* 14.0* 0.3n.s. 137.47* 0.7n.s. 7.9*
MxN 2384.4 %" 116.6 143" 815.5* 0.01n.s. 0.7n.s. 45.2% 0.1n.s. 1.6n.s.

M AN G5 R A 7 o A BRI RV B 5 o+ A % IR P<0.05 A1 P<0.01;n.s. FREFALE

2.3 FEFF7E 55 506 RN 2 AR PR - 398 L T V% 45 4 7] 22 5 1Y 52 )
K AR (PCOA) |, 5 — | AL BREI X AH 0 25 46 28 53 7 A 1) i e ok 37.8% A1 22.8% (1K1 4) , HH
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[EACEEfY 4 AT 2 (8], 753 1 A SC PRI B S 800, Z5 AR B . SM AR5 NSML &b BREBF & X 43 FF
NSMNO F1 NSMN1 4BEFE PC1 il I (985285 630, SMNT Il SMNO 4L FR7E PC1 il | 9385 5 A A0 T
ot 27K T B ik DX GBS A1 7 e R3S T S R VR A5 B A IR YR 25 5o ir (181 5) L SM Ak
FHFN NSM AEFE53 50 15 DF0 14 DEBFA B3 25 57 0 X NSM b 3k 5 24 HI A0 A2 9l 1 25 8 AR 258 , SM
AEPR RS St E A R )E UL 5 R S T I B RS

2.4 HWEFHES EHESERT RS RN RR

TEIBAE b R ITCAR BT b5 T+ Ak 04 "
JT 5 HE AR AR R (K 6) , SM Fl NSM Ab 3! 1] 03k % Egm?
REVE 4 M 25 5 5 SOC  AK AP NH:-NFI AN # i 3% o2k S - S

M, 5 TN B FM I, i F Wi (| 7), 1
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Fig.5 LEfSe analysis fungi in wheat rhizosphere soil under straw mulching and nitrogen fertilization treatments
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