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W& Phanerodontia chrysosporium F Aspergillus niger EXRFEFFHEAL(SCPA), AFFY T A [R] 0 AL BRAS A1 FH XS /N 7= . - 3 BAL P
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RS E, W7 HEBEY Y Rk . BRMANK S S, Hp, SCPA IRV EM A A & w5 CKARAAL,
MFARE T 39.6 kg/hm® HHEERILE . 5 CK ARBIM L, SCPA AbEEE B F 4R T/NERRRE 12.7%, BMEIRRENET +
HEM R M RV 454, JLr SCPA Ab3LE 238 T 438+ PR B H (Hypocreales) 25T 8 . Mantel KrBnakiH, H3EnIEHEAHL
BRANAHAS FUR S LM S ) B2, RHER LR pH 2 I AR AR B2 N T, 255 W, AR
Phanerodontia chrysosporium Fl Aspergillus niger FFEFFHERC 838N T/ NE M2 M E AR A &, 480 T HENRERUR,
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KR FHFFHENE; FURHERN, TIEICVERT; BUEMIREIES; AEWE, NE R

HRESES: S158.3; S154.36 MEFRER: A

Effects of Application of Composted Maize Straws Under Fungi Inoculation on Soil Fertility,

Wheat Biomass and Microbial Community Structure

ZHOU Rong'?, WANG Hui'?, ZHANG Jingru'?, CHEN Zhe'?, BIAN Qing"?, JIN Penghui'?, LIN Xingwu'?, ZHAO Xuegiang'?,
XIE Zubin"*"

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
211135, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In this study a pot experiment was conducted to investigate the effects of differently pre-treated straws on wheat yield,
soil physiochemical properties, as well as microbial community structure, composition, and abundance, in which four treatments
were setup as: no straw addition (CK); addition of maize straw (S); addition of composted maize straw under no fungi inoculation
(SC); addition of composted maize straw under inoculation of Phanerodontia chrysosporium and Aspergillus niger (SCPA). The
results showed that: compared to CK, S, SC and SCPA significantly reduced the concentrations of soil ammonium nitrogen and
nitrate nitrogen contents, and increased soil microbial biomass carbon and nitrogen, and soil organic carbon contents. SCPA had
the highest microbial biomass nitrogen content, which was equivalent to an increase in soil nitrogen assimilation of 39.6 kg/hm’
compared to CK. SCPA also significantly increased wheat yield by 12.7% compared to CK. The addition of organic materials
significantly changed soil bacterial and fungal community structures, and SCPA significantly increased the absolute abundance of
Hypocreales in the soil. The analysis of Mantel test revealed that soil dissolved organic carbon and nitrate nitrogen were primary

factors regulating the composition of soil bacterial community, whereas soil organic carbon and pH primarily regulated the
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composition of soil fungal community. In conclusion, composted maize straw under inoculation of Phanerodontia chrysosporium

and Aspergillus niger significantly increased wheat yield and microbial biomass nitrogen content, improved soil nitrogen

retention, and affected soil microbial habitat. The results provide the evidences that composted straw under inoculation of fungi is

beneficial to soil health and the increase in nitrogen retention and wheat yield.

Key words: Straw compost; Fungal inoculation; Soil physical and chemical properties; Microbial community structure; Biomass;

Wheat yield
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KERAERHAH(123°41'E, 47°16'N), X,
it 5 mm G, BRESARFMMN, THREHAE#
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B FOKRFE AR AN VLA X 1Y oK H
FHZDIREM IR 2 eme XF FORFEFFE
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J5 B R (Phanerodontia  chrysosporium)Fl 2 #H
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ToC2E W VR R DR B G, RIS CGMCC
5.776 f1 CGMCC 3.11455, ELEZEME N 2 g/kg &
KFEFFGETHETIL), M EBEH Phanerodontia
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Table 1 Basic properties of soil for pot experiment

SoC TN TP TK NH;-N NO;>-N DOC TDN pH
(g/kg) (g/kg) (g/kg) (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg) (H,0)
13.18+0.69 138+0.01 0.65+0.67 574+027 051+0.05 38.05+139 36.09+£4.08 72.08+1.00 7.86+0.02

. SOC, HHEAMLER; TN, &% ; TP, 4&®; TK, £&8; NHi-N, #8584 NO-N, fi&S4A; DOC, "EMANLG; TDN, M

AR . RPBE N B EARHERZE (n=3). T A,

R2 AREIFAEERFEFEARMR

Table 2 Properties of differently pretreated maize straws
P SL PLFYER FUEFE A LU ) R TC ™™ CN TK
(%) (%) (%) (%) (g/kg) (g/kg) (g/ke)
S 24.99 £2.71 10.18 £2.69 36.39 + 0.68 25.80 +0.39 438 +7.61 2.81+£0.42 1557  0.16 £0.01
SC 17.98 +3.85 7.66 + 1.59 32.07 £ 1.40 37.61 £3.28 42223 +8.13 577+0.2 72.2 0.20 +0.01
SCPA 14.22 £ 1.19 6.70 £0.23 30.67 + 0.64 45.55+£4.28 367.95+ 14 10.19 + 1.08 36.1 0.22+£0.01

E: S, BURERFEF; SC, ERFEFRIEFMEHMIL; SCPA, F RFEFHEFERIMENL .

chrysosporium Y5 Aspergillus niger ¥ 1 : 1 B LG5
RAM N 76 FRFEFFHERC S RE b, 4504 &) B 3 —
W, AT PR ERTEFF R S ik . HE 42 d FE A

i T2y "‘,’9“ B) ¥

>

#

1 FEMABERFEFRE: REERFETQA). EXEBEHFRENERHEB) M E KRBT EMHERHERC)
Fig. 1 Images of differently pretreated maize straws: Original maize straws (A); Composted maize straws under no fungi inoculation (B);
Composted maize straws under fungi inoculation (C)

1.2 KWt 5IEE

TE/NAZEZ2(2022 4F 11 H—2023 4F 5 H)iF 7454k
R I 4 AL JOAMEFSFFRIN(CK)
SIS FORFEFE(S) . WSIN FEARAEFF AR A FL B HE
JE(SC)FIAIN F K FE RN H A HENE (SCPA). . -1~ 4b
B3 AL, AR LI

GG, AT 1 5.0 kg, BEFLFAE 10 kL
INFE (Triticum aestivum L., cv. T4 22), /W& K
&, Pk BRI R, AR 6 R . AN
ANBE AN K FEFFARYE 3 000 kg/hm? () JFLAR B K
Tl 3 VL i o 281 26k 338 ey, T A Ah 34 %) SR Ade gt
JEAAR(C 4 g/%%, HIMTF C 1314 kg/hm?), Hirf,
S b P T KAEFFAE AN A 3 000 kg/hm?, SC ABFE T K
FEAFARFERD AR HEAT M 3 112 kg/hm?, SCPA
Ao H T AR FE BB AR S Ry 3 571 kg/hm?,
AR SMETAL 3 FORFEFFAE /N A F W4 3 4Bk
T AN, AR R 30%(2022 4F 11 A 12 H), 4

Ji o FARTE R0 FL TR ST F R FE PR A L
HEAEFEAANE B L2 2.0 156 BT FHAS [R) Tl Ak B 1 KA
FHEEILE 1.

BESATG NN 40%(2023 4E 3 A 7 B, B in
S 30%(2023 4 4 H 4 H). SB—UGl e, R Frok
FEFFHENE 5 -3 70 /IR 5 Ja e 4 s 35 —FNEE — Wit
F, FEATE S/ N AR R RTHE T, WP 800 g
3, H5RRESMNEFA B E AR AT MR AR, A
ANNE G . A PRTCHL A H & —E(N 0.45 g/
%5, M4 T N 180 kg/hm?), % 3 : 4 : 3 M HLHBI 55
TEREAE (2022 4 11 H 12 H). 438E1(2023 4E 3 J
7 H)FIHhAE(2023 4F 4 A 4 H)iEhn. BEAELP,0s,
75 kg/hm*) FIAPAE(K,0, 75 kg/hm?®) AKERE J7 2t fin .
PR 50 PR 2 | SR — S AN A S AL B it hin e
B, KR AERRARE T 200 mL 2285 Tk, XA mE
fE - .
1.3 HS&RESTEEAERPIE

TEANE G, WCHI/INERERR (2023 4F 5 H 23
H), MRk, YRS, ENZIRE)E, R
B IERES, AN 3 cm FIASH 4R 0 ~
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15 em HHEFES 34>, FRAMRAIEIL 1 A HHERE S .
BEERE A 2 mm 5, A HHERERIRTE T 4 °C
VKA, FTFIE 13 NHy-N | NOs-N., Ay Yrat
A (MBN) A DA P ik (MBC) ; 3843+ HERE S A
fET -80 C UKAH, M THRIIIES DNA; FRM
R SR RTRAT, LIS 2 e Ak A Hr

Hirp ) 439 pH R pH i (Mettler Toledo Seven
Compact S210, Switzerland)lk 1 : 2.5 +¥# b (m/V)
W7 s BHEE KRR AP TRE . 148 NHy-N il
NO3-N F558 % FH e 3 1 B2 2 OBL R vk 7
-3 MBN Fil MBC RHE Bz M P, +-HenT
S AEA ML (DOC) LR AT PR (TDN) R TOC JT
243 HHY (Multi N/C 3100, Germany)ill . 11 SOC
KM HyS04-KoCryO; JH AT E ,, TN RABILKE &
EIE , Gl A (AN FH B BOE N E , 280 (TK)
FH HySO,-HF K IAGEERINE , 2B (TP)R
FHERVE SR BAPT LL gk 2,
1.4 TEDNARBESEENF

FREX 0.25 g % 4, fiif FastDNA® SPIN Kit
for Soil(MP Biomedicals, Santa Ana, CA)#2H 135k
il DNA, FJ NanoDrop 4366 1 (NanoDrop
Technologies, USA)MIEHEI ) DNA 4iRE, Jfifid
0.8% BytHE W B Ji o DK A 30 B2 HU) DNA Jii i o B 5
¥ () DNA FESRAFAE —80 C vkAl, LAHME—
B

KAz PCR K 96 fLARHANEE(16S
rRNA)FIE T (18S rRNA)FJE . A4 qPCR [N iR
S H 10 pL TB Green®Premix Ex Taq™ (Takara
Bio, Japan), 1 pL 4 DNA. 0.75 pL F FiFg14
F17.5 uL ddH,0 4 i . 566 2 PCR P4 5%44:95 C
WAEYE 3 min; 95 'C M 10s, 56 'C Bk 30,
72 ‘CHEAH 20 s, THIF 35 K. #EHIZE 65 ~ 90 C,

FiBR S s 8901 0.5 'C. B4~ qPCR I FEH I B ALk,
PRUEIRAE 10 BRI TR RS . U IACRTE 98% ~
110%, FrdEfiZei R ELE 0.993 ~ 0.999, K FHANH
W54 338F(5-ACTCCTACGGGAGGCAGCA-3") il
806R(5'-GGACTACHVGGGTWTCTAAT-3") Xf ZH &
16S rRNA FER) V3 ~ V4 XPEFT 8, SR FHEC R
1% ITSIF (5-CTTGGTCATTTAGAGGAAGTAA-3')
FIITS2R (5-GCTGCGTTCTTCATCGATGC-3") X} H
WA ITS1 EFEFEATY . S5 28 e il P 24T 1
IRFR AR A BR 2 7] A Tllumina MiSeq PE250 il
FEHAR G HEAT R0
1.5 HIENEBSHH

ffiFH SPSS 22.0 #EA7 TR FIfbME T L /N A
FTREE W) v 25+ 1 B TR 3R 7 22 43 BT (One-way
ANOVA), IF7E 57K P<0.05 Bk ] Duncan
AT 2 8 LU, /INAZ AR o R SRS B A A O
PEH55h Pearson AH36 2501 ] R 4.3.1 Y47 Mantel
K, o3Hr I BT (VD PR B AR B ) 5 S AN TR
TR DA AR i 2 G (AR T 3 B A W A 54l ) =2 1) £ A
b, i microeco fUHEAT . B RN AN
VIRV AT . BOEZ TR Origin 2023, T Ay
AR A 3L T R T FE 115

2 FHRE5HMW
2.1 AREFAZEREFERX LEERFNEEY
ERIT

AR M N 3 s o IS IS [R] 4k
P EKRFEFF(S. SC Ml SCPA) I 3 BEAR T 1 4%
NH;-N &8, Hih, 5 CK &bBEAH ., SCPA AbHH &
FHEAR T NHI-N 54555 80.8%. 5 CK ALFEALL, S,
SC I SCPA Ab3L i FEAK T +1 NO3-N &L, 1M1 S,
SC Fl1 SCPA AbFR[E]) TG i 35 25 57 o S INAN [R) il ik 3L 7

F3 NEPERIIAE LR T IERAE AR L R

Table 3  Soil microbial and physiochemical properties under different treatments at wheat harvest stage

T T CK S SC SCPA
NH;-N (mg/kg) 12.19+£0.32a 3.89+£0.58 b 2.70 + 0.49 be 234+038¢
NO:-N (mg/kg) 13.85+1.58a 3.89+0.86 b 428+0.16 b 8.24+2.15b

MBN (mg/kg) 6.59+1.45¢ 1823+ 1.24b 2291+0.70a 2454+021a
MBC (mg/kg) 88.92+8.66 b 126.25+8.49a 132.06+9.35a 152.89+591 a
TN (g/kg) 0.81+0.01b 0.84 + 0.00 ab 0.85+0.02a 0.87+0.0l a
DOC (mg/kg) 17.72+0.75 b 2375+ 1.11 ab 23.71 £4.24 ab 30.01 +4.84a
SOC (g/kg) 17.55£0.09 b 18.73+0.23 a 18.83£0.37 a 18.55+0.32 a

pH 7.88+0.01 a 7.74+0.01 ¢ 7.83+£0.02b 7.83+0.01b

T R FRFTARNG 55 R A BEH] 22 5+ 3 (P<0.05).
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TR B ESE S T 14 MBN i, b SCPA
AbFE MBN & s, 4 24.54 mg/kg, 5 CK AbBHAH
o, ARYFRE T R rh AR R A F] 39.6 kg/hm?,
14 MBC & igAb3E] 22 5% 5 MBN BA7 A3

SCPA 43 MBC & fie, M 152.89 mg/kg. M4,
5 CK AbFEAHLL, SC 1 SCPA 4Py 5B 4R T+
TN &8 4.9% Ml 7.4%, L& SOC & 7.3% Al
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FAHLL, SCPA Ab¥R W e T/NEFTHE 12.7%,
T 35.8% ML A 15.3%; S FI SC b B
ERET/NEN SR, 5 S AABIM L, SCPA 4t
PR SRR = T /INAZ AR BT i RS AE ) a5 i SCPA Ak
FE5 SC b P [H] £ A= Wy FE A8 A 8] 0 35 25 57 o
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E
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HE
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S0r
(D) b ab a

_40f ¢ e
&
= 30}
1H
N
20t
e
~ 10t

0 1 1 1 1

CK S SC  SCPA
Ab TR

(B R TRIING b2 R A B E) 22 57 5 35 (P<0.05)
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Fig. 2 Wheat biomass under different treatments

22 AEFAEFREFERN TIEREMEE S
4 B =2 i

XA [7) 471 Ak 38 OK RS FH S T 19 - 40 7

MEEN o ZREMEHATHT, 455 %KM, SCPA Ab3E

AUZHE Chaol Fil Observed species $5 41 i K T HoAh

AbPH; SCPA AbPEAYEFE Chaol . Observed species Fll

Shannon 5402 % & T S F1 SC AL FL(F 4).

ot dE & 2 4 R B 5 AT (Non-metric
Multidimensional Scaling, NMDS)4& ¥, AEALET
- S TRRN FL AT 7 4540 25 57 100 2 (Stress<0.1)(E 3).
T IR AEE, S Ml CK AAHEREH S SC Al
SCPA kb HH 37385, H SC Fll SCPA AbHi#F NMDS2

x4 TRLETLRARMEELN o ZHMIEE

Table 4 diversities of soil bacteria and fungi under different treatments

b3 A A
Chaol Observed species Shannon Chaol Observed species Shannon
CK 2 486.09 £ 15891 a 237517+ 136.86 a 9.89+£0.02 ab 372.15+29.82 ab 367.87 £28.70 ab 591+0.12a
S 253245+8.03 a 2410.60+694a 9.96+0.01 a 29535+ 11.64 ¢ 288.43+1243 ¢ 494+0.15b
SC 2609.17 +£147.07 a 2487.10+108.99 a 9.98+£0.06a 331.43 £9.98 be 325.67+£9.25 be 526+0.07b
SCPA 2103.42+71.60b 2025.73 £59.68 b 9.79+0.04 b 41628 £17.17 a 412.57+1722 a 6.11+0.22a

T R RFUARNG 55 R A BEH] 22 5+ 1 3 (P<0.05).
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Fig. 3 NMDS analyses of soil bacterial (A) and fungi communities (B)
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Table 5 Relative and absolute abundances of main taxes within bacterial and fungal communities at order levels under different treatments

WMEEY) HKF AER B (%) # % B (4N 10" copies/g,
E# 10%copies/g)
CK S SC SCPA CK S SC SCPA
N Micrococeales 7.60 + 7.62 + 7.46 + 8.92 + 424 + 6.03 + 5.68 4.70 £
0.36a 0.34a 0.39a 093 a 093 a 0.33a 0.66 a 094 a
Gaicllales 6.94 + 6.41 + 6.09 + 6.11 £ 3.83+ 5.06 + 474 £ 3.16 =
0.26 a 0.38a 0.16 a 0.23a 0.75a 0.27 a 0.84 a 0.25a
Thermomicrobiales 6.36 + 5.94 + 6.59 + 478 + 341+ 4.69 + 520+ 245+
0.52 ab 0.47 ab 042a 0.55b 0.46 ab 0.34a 1.12a 0.22b
Rhizobiales 444 + 525+ 4.80 + 5.10 £ 247+ 415+ 375+ 2.70 =
0.15a 0.26 a 0.17 a 0.40 a 0.55a 0.24a 0.70 a 0.50 a
Vicinamibacterales 471 52+ 5.09 = 4,51 + 2.61 + 412 + 4.00 £ 234+
0.11 ab 0.06 a 0.28 ab 0.26 b 0.53 ab 0.02 a 0.83 ab 0.23 a
Burkholderiales 4.56 £ 5.30+ 4.64 + 4.56 + 251+ 419+ 359+ 239+
0.18b 0.20a 0.01b 0.17b 0.51b 0.20a 0.58 ab 0.36b
Propionibacteriales 4.59 + 4.85+ 4.54 + 4.52 + 2.60 £ 3.84 + 3.51+ 238+
0.38 a 0.29a 0.03 a 0.22a 0.71 a 0.26 a 0.56 a 0.39a
Gemmatimonadales 447 + 439 + 423 + 3.57+ 2.44 + 347+ 331+ 1.86 £
0.12a 0.07 a 0.16 a 0.20b 0.42 ab 0.08 a 0.64 a 0.23b
Frankiales 412+ 413+ 3.82+ 3.79 229+ 327+ 293+ 2.00 £
0.08 a 0.10a 0.13a 0.26 a 0.49 a 0.10a 0.40 a 0.36a
Solirubrobacterales 4.00 + 3.52+ 3.57+ 371+ 220+ 2,78 £ 2.76 £ 1.90 +
0.29a 0.36a 0.03 a 0.29a 0.44 a 0.26 a 0.46 a 0.07 a
H Sordariales 3575+ 62.33 = 26.96 + 31.66 9.75 + 2417 + 8.33 + 10.95 =
1.49 b 0.25a 1.76 ¢ 1.49b 1.86 b 1.63 a 0.77b 0.74b
Pleosporales 17.68 17.05 = 14.31 + 14.96 + 4.62 6.54 + 4.34 + 529+
2.02a 2.52a 2.70 a 3.10a 049 a 0.77 a 0.63 a 1.40 a
Eurotiales 6.90 + 2.61 = 37.64 + 10.25 + 1.79 £ 0.99 + 11.63 £ 357+
1.23 be 0.36 ¢ 1.75a 1.74 b 0.29 be 0.07 ¢ 0.88 a 0.66 b
Microascales 2.14 £ 0.40 + 1.19 + 13.13 0.61 + 0.15+ 0.36 + 4.58 £
0.72b 0.04 b 0.23b 1.67 a 0.29b 0.01b 0.07b 0.70 a
Onygenales 585+ 2.84 + 195+ 2.05+ 1.59 + 1.10 = 0.61 0.70 =
0.11a 1.26b 0.30b 0.27b 0.29 a 0.49 a 0.12a 0.05a
Hypocreales 1.73 £ 191+ 1.07 = 432+ 0.46 + 0.58 + 0.35+ 1.78
037b 0.42b 0.39b 232 a 0.13b 0.01b 0.10b 0.58 a
Helotiales 2.56 £ 0.90 + 1.64 + 273 + 0.74 + 0.36 + 0.51 + 0.96 £
0.72 a 0.29 ¢ 0.39 be 0.34a 032 a 0.14a 0.14a 0.16 a
Agaricales 0.01 + 0.01 5.14 191+ 0.00 = 0.00 = 1.60 = 0.64 +
0.00 a 0.00 b 2.35b 0.72 ab 0.00b 0.00b 0.73 a 0.20 ab
Thelebolales 222+ 0.68 = 0.99 + 131+ 0.64 + 0.25+ 0.31+ 0.45 +
0.54a 0.30b 0.20b 0.05 ab 0.25a 0.09 a 0.07 a 0.02a
Filobasidialcs 2.03 + 0.84 + 0.63 + 1.46 + 0.56 + 032+ 0.19 + 0.50 £
0.11 a 0.07 ¢ 0.14 ¢ 0.25b 0.12 a 0.01 ab 0.04 b 0.07 b

i R AT ARG T8 2R A — 15 n AL T E] 22 53 1. 25 (P<0.05).
Fz6 NEEYSMTIFBUERAMEKM

Table 6 Pearson correlations between wheat biomass and soil bio-physicochemical properties

INFE )RR bR NH;-N NO;-N MBN MBC TDN TN DOC Nelo pH
T o o 0.365 0.490 0.676" 0.622" 0.134 0.524 0.333 -0.356 -0.079
R aDie iy 0.192 0.195 0.401 0.269 0.562" 0.051 0.580" -0.08 -0.310
ity 0.469 0.439 0.648" 0.757" 0.306 0.454 0.546 -0.635" -0.113
A 0.387 0.273 0.871" 0.771" 0.172 0.523" 0.852" 0.537 -0.182

L R IIRIRTE P<0.05. P<0.01 KSFE-(RUE) I A,

M5 Botryotrichum X%} B2 B HMAHC, 1 g%, A Y E AR U RIS, R
MBN fil TN &5+ H (Agaricales) X EWIAEKPY, ARWF5E, 2T 3 000 kg/hm® (4 T KF
ERFIEML, T3 NH-N S5 58 H FFIE H 4, 45 Ak P IR e AR ARk R0t n 2 R o —
(Eurotiales)fH X = FF &2 W 2 IEAH G #H, 5 CK b H#AHEL, it AR BAb B S FH(S . SC
3 e N SCPAYHE S T e W Ak i N W i 3
A RE5 AR B AR B R IR i A A P R

WHR R, A ALY ELA | ] DL S A PR BRI, SNEA PRI B E RS T
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(A)

NH-N e
Mantel's P
— <001 NO:-N °®
— 0.01~0.05 ElilER
=0.05 MBN . ¢
MBC °
Mantel's » . D ".
— <0.25 TDN ° l’
- 025~0.5 FLABRE
Sl || (IR
Spearman's »
I 10 ™ ] . . . /
[
I 0.5 . . .
J000RC
HE EEns :
z z oz 9 z 5 £ K 8 F @
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g 2 5F S

(B) Micrococcales
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Thermomicrobiales
Rhizobiales

% | Vicinamibacterales
Burkholderiales
Propionibacteriales
Gemmatimonadales
Frankiales
Sordariales
Pleosporales

O Eurotiales
Onygenales
Agaricales -

Thelebolales

=il

NH-N NO;-N  MBN MBC TDN AN TN DOC SOC pH TR

©) JG30-KF-CM45 s
Rubrobacter
Blastococcus
Gaiella

BT Nocardioides
Vicinamibacteraceae
KD4-96

e o S
Microvirga
Botryotrichum

Aspergillus

Schizothecium
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Arachnomyces
Coprinopsis

B

NH-N NO;-N MBN MBC TDN AN TN DOC SOC pH AT

(K A LR AAYHLAN R Mantels r i, Bii(3358 Mantel’s P{i; [ B I C x| **43RIFIR7E P<0.05. P<0.01 K F(URE) E BFAHK)
B4 NEFEREMTIEENEREMEDEEL WA Mantel 1218(A), M/NERRENTIEBHVEREMEYE LN
BIEXEB: BKFE, C: BKXKF)

Fig. 4 Mantel test analysis of wheat grain weight, soil physicochemical properties and microbial community structures ( A), and relationships
between wheat grain weight, soil physicochemical properties and microbial community structures (B, order level; C, genus level)
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SOC FMEHLA A&, N HIEMADRAE T F 5 1T
PERRRIETT, SRR T A e, R
Pk eAh, 5 SAbHEAHLL, SCPA A4bFH & 251 5
T/NEAY R, X EEIA T B R 0 KRS AT HE
MEHABARK) C/N HAE = 1 B AR, W fd
Pk 2, B, xR AEY A KR
AERESERD . AR, HEAEAL LAY
Fh AT T Al 3t - HEFLBR 2SR, e E AR R AN Y
ARG, IR R VEY = =P, Zhang P WHFSE
F20, MREE T H (Rhizobiales)fE /A DL BT 4%
e e A R A= T AR,
Rhizobiales &5 T3 DOC & 5 3 IEHIE,
[l B DOC & dit 5 /)N 22 F o kA, 522 1 3 1F A G (&
4B), P Rhizobiales FEMIGMALIE S T DOC
T, WRESEY RN CENEZ —, 1Ah, &K
WF5EIR KB, LI 2FEAT BB (Bacillus) 5 /N2 5t
R B E IEAIC(E 4C), X—%& L5 Chen 2P HF
RER—E, Bacillus RN AES RGP EZENA L
WEEY), RetsiE L 5 AAE RIS EY AR K

FERIRE SN RN IS A I w5 o] e~ W K
YA Wk R AR AL . ARG R R, 5 CK AR EAH L,
TR IINAS [) F90 Ak AR 357 8 S5 B I T 38 h NHL-N I
NO;-N b, wJRER th FAMEm I AL 2 T i
Yt LR RALET VP29 I, Mjtahn s C/N
FeA LR, -3 f A Wid ol s B0 0 AR,
TCHLEHAL ]9 MBN, WA R A, e AR
A PRREFFAL B, SCPA 4bHH 43 MBN &,
) L TR 42 R 0 R R A PR A2 9 R ) A D - S
RACR P . 5 CK ACHEARLL, T Tk 3R
FEAASIN#R R E AL T £ pH, Horp S 40 pH
A, X—450 5 Liang P50 45 R —20 7001
ARG R MIEOLT , BRIAFEFF 0 i 2 THFE by
A EE R T, W AR T, RE
pH . T A Ak 3 A D e - B B
B, me T RIRARB RGeS, TR R
pH™ . BEAL, ARBFITIE LB, BN R A B A S
P 3 T H30h soC W&, X S5REH s
2 SN 1A B 5 3% B o0 i M /N
FHAF, BFEKEEEY, RHAED AR
AL T EER IR, IR HE T SR 1 ST R
S ARSI, BT A AL BEAY SOC & 344 BTk,
XA RE S I o A WL AR A G AR AU
T RGP R AR AT B S
A A AL A AR,

ARG, R B ERFHEIE AL (SCPA), 5
CK AbFEAHLL, WFHFEMK 7 LM Chaol FI
Observed species 6 50(F5 4). FEOX—45 R AT RERZ A
EEF B RPN R T e TN S i,
i S T - HEAN R A A B R AR B Ak, 2
TR, RN R 2 MRS P A S
(3T DY AN, AREREIR LB, 5 S, SC
AFRAHLY, SCPA AbFR & E 4w T H A& 0 F 5 B
M, ARERIBEESRGE MM EE T2 M
o, S5V FURRER 5832 A HL
J R R Y AR GE A RAIESE T X — W,
HE BRI SOC 1Y & LW(K 4A). WA PIRE
AR R AR 22 R T B 2R
As, filan, 72w H (Sordariales)fHXT FFEETE S A4b
PR R RN, B R H (Burotiales)HXT FEFEFE SC
A B SR IN, /NRER H (Microascales) A X} 3 BE7E
SCPA Ab3irh i 380, X SR = WA T8 ik
WHA X,

- SRR TR TR A P A s 2 A S
A o SRR S A AL P o e 30 A1 5 ) AH OC
P, AR, 13 NOs-N. SOC Fil DOC J&:5¥
M) - P20 BT R 7 AL ) B BB R PN AR AT 45
REZHMM, HERESD, A EREREH
(Burkholderiales) & — R B Z AW 2 4 1, BA
A IEBEEDIRE , HARR A5 n 2t n] RESs 2 VEY)
AR RSP, £ NON R E
Burkholderiales A% =F & 1 i 3 G AHOC (K] 4B), @S
AN TR T4k SAE FE 4 1 SRR T 140 NOs-N & (R
3), VEHAAS[R] FAL BEAS FF AR ] fE 2 4 -4 rh
Burkholderiales FYAHXT 4252, 203 HIE AU PRIAST
TEHEMAER KT . 5o, AR KM, 15
SOC #it il pH 24 T I H RAEE 4L =R
T, X HHEAMECI L R —8, R R
FFHERE I 35 39 i 1 IR 82 B H (Hypocreales) 1) 266 % 3=
J¥ . Hannula 554 A PC R [l RAnicik &30,
Hypocreales A A LT ; JF H Hypocreales
AR Z & hy i B EOR TR , IE T2 B TARAED R
AR Al U, R EL Phanerodontia chrysosporium
I Aspergillus niger T KFEFFHEAEAALRE P /3 A
LT, A XL HE RRFWDIRE, X T 84S
RO EA EEEMN.

4 Z5ig

1) BN [RI AL BERS AT 2 S s 1 /N B AR
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i, SCPA AbHLE CK AbFEAHEL, WHEE T/hEHE
R 12.7%, MR 35.8% MLEAEYE 15.3%,

2) WSHNAS[R) FUAL BERS A1 2 2548 & T 458 MBC
M1 MBN &rit, H SCPA AbPE 43 oAU & kb,
14 MBN &g fie i, UEI R LR RS AT HE AL R
YRR e, R AR RO e .

3) HEABALBH(SC F1 SCPA)XT + 3E 20 e Al L 1
TESEM PR BRI, SCPA Ab38R AR T 40
W o 2R, T HIERER o 280 Hh B
AT 3 rp P RE 1 H (Hypocreales) ) 4a X £ 5, %)
PR IR R Gl R A B
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