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Abstract: [ Objective] This study was conducted to explore the change of fungal community structure and function response to
different tillage and straw returning methods in wheat-maize rotation system in the North China Plain. It aimed to clarify the
biological mechanism of soil fertility improvement, which provided a theoretical support for sustainable development for agricultural
production. [Method] A six-year field study with split plot design was conducted to investigate the effects of different soil tillage
methods (no tillage, CT; deep tillage, DT; rotation tillage, ST) and straw returning methods (wheat and maize straws were returned to
the field, DS; only wheat straw was returned to the field, SS) on changes of fungal community structure and function in soils from
wheat-maize rotation system in the North China Plain. In combination with soil properties, multiple regression trees and correlation
analysis was carried out to investigate driving factors of fungal community structure and function in soil. [ Result JThe results showed
that, compared with NT, soil organic carbon content under DS and SS were reduced by 35.04% and 44.30% in 0-10 cm layer,
respectively. The available nitrogen of NT under SS treatment was significantly lower than that under other treatments in 10-20 cm
layer. Ascomycetes (68.98%), Basidiomycetes (16.96%) and Chytridiomycetes (1.62%) were the dominant fungus in 0-10 cm layer,
while Ascomycetes (68.44%), Basidiomycetes (15.52%), Chytridiomycetes (1.51%) and Coccidiomycetes (1.23%) were the
dominant fungus in 10-20 cm layer. The different tillage and straw returning methods changed soil fungal community structure.
Specifically, the relative abundance of Basidiomycota in DS increased 50.07% and 29.08% respectively in 0-10 cm and 10-20 cm
layers than that of SS. The multiple regression trees showed that soil fungal communities were divided into soil organic carbon nodes
with a threshold of 11.17 mg-kg™ in 0-10 cm layer, additionally, the soil fungi community were divided into available nitrogen nodes
with a threshold of 6.52 mgkg" in 10-20 cm layer. In this study, Pathotroph was mainly function type of soil fungi in 0-10 cm
(26.84%) and 10-20 cm (23.91%) layers in wheat-maize rotation in the North China Plain. Compared with NT, Pathotroph relative
abundance under DT and RT treatments were reduced by 25.16% and 16.45%, respectively. The results of correlation analysis
showed that Pathotroph relative abundance were positively correlated with soil total organic carbon, dissolved organic carbon, total
nitrogen, available nitrogen and available potassium. [ Conclusion] In general, our results indicated that different tillage and straw
returning methods changed soil fungal community structure and relative abundance of functional groups. The content of soil organic
carbon and available nitrogen were the driving factors shaped the fungal community structure. Besides, DT could reduce Pathotroph
relative abundance, which was conducive to maintaining the soil ecosystem health.

Key words: tillage practice; straw returning; soil fungal community; high-throughput sequencing; multiple regression trees
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Table 1 Treatments of different tillage and straw returning methods

4637 mgkg', pH N 7.64.

H 2012 4F 10 H, #wEKHREXRAK, FHE
JNERERT AR (NT)  E#E (DT) Aig#t (RT)
3 MHHEDT 0 CROKRI N G2 B B« B R
h N - FORFEFF RS FRIE L (DS) Fl/IN 22 A5 FF
R (SS) , Jhe MbHE (R 1) . WA 3
RES, 18 A/NX, ANXIHAR R 6 mX45 m =270
m’. /NEEFONTEE 22, & 172.5 kg-hm?, &
Ji RO SRR HE s FOK AR B 9066, 1TEE 60
cm, P EH 75 000 BR/hm?. 6N SEFT, it
600 kg'hm? EAHE (N : P05 : K,0 Ky 17 : 17 -
17) FESRERE, /N2 B iR % 225 kg-hm™. 7
TR ARFIRT, i 600 kghm? A (N : P,Os :
KoO N 17+ 17 = 17) FERENE, 75 B KK 8 i JR
# 225 kg-hm™,

1.2 HREE

12017 4 6 H/ANEWOGRIN, /NIX “S” T 5 fCK
£ 0—10 cm F110—20 cm FHZE LIRS [FZNXH
TEFERR A AN TR, VKSR I i [ S 56
o G ZAHPARFI N PEE IS, R AT
-S0°CUKAH, T IR T, o6 AT
g L E A AL (DOC) , RN HAR KT
Jaid 0.25 mm F1 1 mm e FIEFR bR, RIRFE
it1-80°C VAR s I FL BV
1.3 MEAHZE

R A% R A0 - A R e I HL (TOC)
YLK E ZIENE AR (TN) , WA (AN) KM
Bl Bk, AR CAP) SRITAH B 520 66 i ik,
B (AKD SR JOEN . LR e T35
Z (R A HT) U pH I R HALVE, Kt
tbs5: 1.

KbFE Treatment /NZZZ% Wheat season

K% Maize season

NTD GAHAATIE Straw returning with no tillage G Wt HAFHFEFFIE I Straw returning without tillage
NTS G B+FEFFEH Straw returning with no tillage S BEEFE No tillage
DTD URAAHRSTATIE - Straw returning with deep tillage Gt ELAFFSFFE I Straw returning without tillage
DTS UAAREFFIEH] Straw returning with deep tillage G BFEHE No tillage
RTD JERI+FEFTIEE Straw returning with rotary tillage Gt EAFFSFIEH Straw returning without tillage
RTS JERI+FEFTIEE Straw returning with rotary tillage G EHE No tillage
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|3 B RV (1 18S rRNA I 7 -1 3 DNA $2 U
i DNA 250G & (OMEGA, £ , 280745
FRUEA A5 o R 1% 350 IR0 ot e vhL o e 4 ik DR 21
DNA (W2l Fl5e 3 4E . Afi ] NanoDrop ND-2000 436
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Wilmington) U 5E FTHE DNA [k 54l . 2 F A=
18S 3@ 1514 0817F:5-TTAGCATGGAATAATRRAA
TAGGA-3', 1196R: 5'-TCTGGACCTGGTGAGTTTCC
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HLVK A I, [l 38 -, MK AxyPrep DNA Gel
Extraction Kit #t#]5E4T4l{k (Axygen Biosciences,
Union City, U.S.) , F/f] QuantiFluor™-ST (Promega,
U.S) #HTE®. K Ilumina MiSeq 54 brifk
TRREAT XA TN, RS AR R A
PR FIAIERR SR
1.4 BEEST

25k QUME (v1.8.0) #AFityE. P, ZBrik
HARJEUSY, B F TR 43 25 1) OTU (Operational
Taxonomic Units) , FK T A+ st 47401 . K H RDP
classifier DU 5261 97%AH ALK T 11 OTU AR 3 751
AT 2R 20, EASREBIE A 0.7, ¥ Silva

(Release128 http://www.arb-silva.de) %3 ZE?", 445
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253 CANOVA) 5 2 H L # (Duncan’s test) H] SPSS
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2.1 HMEARI LB U SRR
ANTRIBAE 7 3k 25 5 e L S PR i (RR2) .

Ji 2T e AR, BHETT B AR H 0—10 cm
(P<0.01) M 10—20 cm -2 LA HUK (TOC) (P
<0.001) , 0—10 cm (P<<0.01) A2 10—20 cm nJ %
PGB (DOC)  (P<0.05) &&. 3% 0—10 cm
+2, SRBEERFE AL, R RE R4 H
TOC 5 DOC 73 5[4 35.04%71 23.89% (P<<0.05) ;
IR FFE I TOC 5 DOC LAt # 2= A AT id 1
I3 BIBEAK 26.09%F1 33.78% (P<<0.05) . -3 10—20
em T2, HPUCEERE T IE 5 ERE RS FFIE H TOC
B LB RCEERE IS 2 e = 21.64%155 38.21%
(P<<0.05) . FiFFitH 7 2% 4% 0—10 cm
K 10—20 cm 12 TOC (P<<0.01; P<<0.001) , DOC
(P<<0.01; P<<0.05) 5 TN (P<<0.05; P<<0.001) &
o ML, FIRFEFTIL I LGWCER RS ROk A3
0—10 cm 1 JZ TOC. DOC Al TN 4%l i 2 FEA%
24.64%, 21.61%H112.61% (P<<0.05) .
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FIH Mlumina MiSeq ¥ & % Z 1% 18S rRNA JE[A]
WP R WoR, 36 AN TIEFEARILIRNTE 1 372 440 5H
BFH), 378 A OTU, SFEAME & %4550 (good's
coverage) ‘it S AEA A 5 R FREUE IR 0—10 K& 10
—20 cm 12 T3 OTUs i T 1S 99.9%) FL#

(£ 3) o MIFPIREERENS LR Sl S e e RE A1)
FLR B, IURITEBEE Z e BB, A
FEaAF 2] 23295 45 miiERTH] (R 3)

OTU #H Y o ZHEMIREG R £ HE,
R — AN V& SO B8 N DR R 2 e RE B, B R
BEE NP BCH B 2 . 7 o e R, BHE T
X B FE LI 0—10 cm A 10—20 cm 1+ 2 EH OTU
HH , M AEF S 7 283 0—10 em LR LB
FATREL .

AW, BB 3 010 em LR EE
HAATHER ] (Ascomycota) « FHF ] (Basidiomycota)
FNAE R 1 Chytridiomycota) , FHX) = %43 1 4 68.98%-
16.96%K1 1.62%, 2y 17 87.55%, A3 CANELH

(Unclassified) [IFF5 5 9.45%; 13 1020 cm +
JEIE A TR (Ascomycota) + FHF R[]
(Basidiomycota) a7 p#[] (Chytridiomycota) Fl1EK
PR ] (Glomeromycota) , AHXF=EESN 70 68.44%.
15.52%- 1.51%A1 1.23%, £/ 86.71%, A#i5r253
CANELHFA Y 10.95%. Hodr, WEFEF 4 I (DS)
AL H EL B2 R FE IA 1 (SS )AL FEAE 0—10 cm AT 10—20
cm -+ )7 Basidiomycota AHX 3 5 43 Jil & 2% 3 51 50.07%
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Table 3 Illumina MiSeq sequencing results and a-diversity of the fungal community with different tillage and straw returning
methods

Tz Ak ¥ 5 B RIPIT Edi AR ACE 5% Chao 1 454

Layer (cm) Treatment Reads OTU Coverage (%) Shannon index ACE index Chao 1 index

0-10 NTD 22368 160.67+4.73bc 99.86 2.93+0.09b 187.14+12.24a 190.50+17.14a
NTS 22368 152.00+3.00¢ 99.88 2.96+0.05b 171.75+6.00a 170.46+4.52a
DTD 22368 154.00+11.27bc 99.82 2.84+0.06b 194.55+45.81a 197.44+51.97a
DTS 22368 175.00+1.00a 99.88 2.95+0.11b 203.64+4.26a 202.76+12.03a
RTD 22368 167.00+16.52abc 99.87 2.87+0.03b 207.69+26.83a 212.52+23.99a
RTS 22368 177.33+3.06a 99.85 3.10+0.08a 194.63+7.08a 194.01£12.00a
BEJT0 Tillage _ * ns ns ns
M55 Returning B ns o ns ns
A H A Interaction _ * ns ns ns

10-20 NTD 22368 167.00+4.36a 99.91 3.24+0.09a 184.75+6.58a 190.12+13.69a
NTS 22368 131.33+8.14b 99.89 2.49+0.34b 153.34+2.32b 158.04+4.56b
DTD 22368 143.67+10.07b 99.86 2.52+0.24b 158.66+11.23b 158.53+11.96b
DTS 22368 178.67+2.08a 99.86 3.13+0.06a 193.56+5.18a 197.41£2.47a
RTD 22368 163.33+7.64a 99.89 2.97+0.06a 194.48+14.13a 192.32+11.16a
RTS 22368 172.33+13.05a 99.89 3.18+0.03a 200.79+16.43a 199.87+12.53a
BHEJT 30 Tillage - ok ns *k *E
K J5 30 Returning - ns ns ns ns
A HAEH Interaction - ok ok o ok

F129.08% (2, P<0.05) . B ZFEMEHRELEA
PRI P B VR 45 M 10 22 57211, UniFrac #5285 F Ak
AN BRI 2 5 . 7E 0—10 cm 122, PCoA HALFR
Bl W7x PC1 Al PC2 il 43 vl LLA#RE 37.29%F1
23. 1% BRI ZE R (B 3-a) o MIFRAEER AR R
A, IXRWR A AR FFREAS AR PEAR S fH AN [+
AR FEIRE i (AP AR 25 5. REAT IR, bt
DRI E R AL ER 2 [R5 5 25, dE— 20 U AN [F] A 3
TR RBEE 2 AP . MR, 7E 1020 cm +
2, B NTS 5 DTD 4b, AFACERFEADE AT, Ui
AL BR 2 [R) FL R A A ARABL (B 3-b) o i L, AT
B ARG FEIA H 1 B A TR ]+ 2 - R B R R 1)
M2 57
2.3 TEEEIIEEER

K FUNGuild TR A FH 398 50 B Ev 178 7R 7,
AT R e g B8 AL (Pathotroph) B /E
HFRT (Saprotroph) AIHLAEEFEA (Symbiotroph)
DAS A TS e B IR B M . INEFRRTE, 4
JEP I /N KA OB LU B SR A 32 (]
4), 5 NT #Lt, DT F1 RT A5 51 5 2 B 25.16%

F116.45% (& 4-a, P<<0.05) , HULL DTS AF K.
RT Ab PR AR FR R L 2 1 5 3% 5 T DT(0—10 cm)
MINT (10—20 cm) (/& 4-b, P<<0.05) , UiHAFEAT
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Fig. 1 Fungal community composition at the phylum levels in 0-10 cm (a) and 10-20 cm (b) layer under different tillage and

returning treatments (the average relative abundance >1%)
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Different treatment Tillage methods Straw returning methods

NT: %#F: DT: &bk RT: Jghh: DS: WAL SS: WMFRFFEM. T
NT: No tillage; DT: Deep tillage; RT: Rotary tillage; DS: Double-season straw returning; SS: Single-season straw returning. The same as below

2 FRHHMEFIFEFFAIE T 1IE 0—10 cm F110—20 cm T ERIBFHE I JBX EE

Fig. 2 The relative abundance of Basidiomycota in 0-10 cm and 10-20 cm layers with different tillage and straw returning regimes
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Principal coordinate analysis (PCoA) of soil fungal communities in 0-10 cm (a) and 10-20 cm (b) layers under different treatment. Communities are compared
using the UniFrac differences

Fig. 3 Principal coordinate analysis (PCoA) of soil fungal communities in different tillage and straw returning methods
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Fig. 4 The relative abundance of soil fungal functional groups in 0-10 cm and 10-20 cm layers with different tillage and straw

returning methods
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TOC: Total organic carbon; DOC: Dissolved organic carbon; TN: Total nitrogen; AN: Available nitrogen; AP: Available nitrogen; AK: Available potassium;
Error: Relative error; CV error: Cross-validation error; SE: Cross-validation standard error

B 5 FRHHEFMBETFEEARXTLIEO0—10 cm (a) F110—20 om (b) TEREREEHE TEIR S
Fig. 5 Multivariate regression tree analysis of fungal communities in 0-10 cm (a) and 10-20 cm (b) layers with different tillage and

straw returning methods
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Table 4 The relationship between abundance of functional groups and soil characteristics with different tillage and straw returning

methods

BY) il = P pH ALK AT LK K T A A R pLyvel
Functional groups TOC DOC TN AN AP AK
p k=it 0.087 0.600%** 0.563%** 0.428%* 0.394* 0.291 0.517%*
Pathotroph

JEAE IR -0.180 0.286 0.249 0.11 0.204 0.058 0.194
Saprotroph

P A= St 0.570%* -0.535%* -0.323 -0.597%*x* -0.525%* -0.698%** -0.503**

Symbiotroph

* Rk P<0.05, **FIR P<0.01, ***FIRK P<0.001; FEAR n=36

*Indicates a significant difference between treatments at P<<0.05; **Indicates a significant difference between treatments at P<<0.01; ***Indicates a significant

difference between treatments at P<<0.001; Sample size (n=36)
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