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& E. FEMEE R ISR MRS IR A FE B Ty, SRMIAE AR [, FUR R AT AR B RS FT it
B SRR B O RAE DR i AN T o DA KRS FE A TR, 18 OB BERSFF (RS ). RS FE (DS ) FIFSFHAEH Bk ( BC)
3 FIRSFHRRZE B A SERk i AN, FF DIASHERSFF (CK) SAXIR, SRR RIS + R ARk (>0.25 mm ) Fifg AR
& (<025 mm) HEEEZHEE . EERFRA L . WRENTAHEAERDCR B, JEE— DRI e B 7R
PRI SCHEREE A - 2 4F RS 5 R L], RS ARH Z FEAIR T <0.25 mm (4 RIAHI> 0.25 mm KA REPEER o 28
P P<0.05 ) 25 A0 BRAGE SR T TRT =12 B9 A F2E 51 J( Ascomycota ) #7855 [ J( Mortierellomycota ), $5F | J( Basidiomycota ),
A ET =0 NAEIRTEIR ( Plectosphaerella ), E5CHIE ( Chaetomium ). HAEE)E ( Mortierella ). SR A HR{4h:
PAALL, FEFFRRACEE 5 R T A RESS A 5 (P<0.01), Hif RS AhBHAYFUR RS 450 838 X 7 T HAbb B, L3
W25 HTRW], BC ALFRHRE e T 49 A LA LI Z8 19 S8R (10.08% ) FIEEERYE (5.55% ), DS AbFR & T 49 AL 45
B (11.17% ), ARGEHE (32.57%) AT ST (19.27%), HHE T HIERTIRIK B BEA 4R . Mantel test
SIRTRIL, EASA (AN) Hl pH 25200 -+ AT R IR L B 25 A OGP EE R 7, L RS AbBRAY FL I RE 52 HHER R R -3¢
Wil de K FLRERFE DIRE TN 44T R WY, 3 RS FHGR i A S BRI I AL EL B AR 2, s AR i kA . 47 b
B, SINAEFFICH , AR A R AR B TE 5 2 RS BRSBY 0 B I 77 A A3, S0 S A RIRS A= ) Jot o e 40 1 e
PETEH A AN Erht, BRI M B A P2 0 E 2, SE s LR ARE , DRI AE S A 7 v 1 25 G 4 in i s sl Ak S
FFBRER A LR E R ST Reta e .
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Abstract: [ Objective ] Fungal decomposition plays a key role as the primary driving force of the nutrient cycling and
energy flow in the soil. However, the response characteristics of fungal communities to different types of straw
carbon inputs and the key environmental factors at the aggregate scale are not yet clear. [ Method ] In this study, corn
straw was used as the experimental, and three treatments were set according to the equal carbon content of straw
returning: regular crushed straw (RS), decomposed straw (DS) and straw biochar (BC). A control group without
straw application (CK) was also set up. The study aimed to investigate the effects of different carbon types from
straws on the diversity, composition, and distribution of fungi in soil macroaggregates (>0.25 mm) and
microaggregates (<0.25 mm), as well as the interactions within fungal communities. Furthermore, key environmental
factors influencing the variation of soil fungal communities were explored. [ Result ] The results of a 2-year field
experiment indicate that RS treatment significantly reduced fungal o diversity (P<0.05) in microaggregates
(<0.25 mm) and macroaggregates (>0.25 mm). The top three dominant phyla in each treatment were Ascomycota,
Mortierellomycota, and Basidiomycota, while the top three dominant genera were Plectosphaerella, Chaetomium,
and Mortierella. Compared to different aggregate size fractions, the treatment with straw carbon significantly
induced differentiation in fungal community structure (P<0.01), with notably distinct fungal community structure
observed in the RS treatment compared to the other treatments. Also, analysis of fungal co-occurrence network
showed that BC treatment increased the number of nodes (10.08%) and modularity (5.55%) while DS treatment
increased the number of nodes (11.17%), the number of edges (32.57%) and the average degree of nodes (19.27%)
included in the co-occurrence network, and all of which improved the structural stability of the fungal network of soil
aggregates. The Mantel test analysis found that ammonium nitrogen (AN) and pH were the key environmental factors
affecting the fungal community structure of soil aggregates, with the fungal community in the RS treatment being the
most influenced by soil environmental factors. The prediction analysis of fungal community function showed that the
input of straw carbon could reduce the relative abundance of pathogenic fungi and reduce the occurrence of
soil-borne diseases in farmland. [ Conclusion ] Our results reveal that in the short term, different soil aggregates of
fungi are more susceptible to the influence of straw carbon types, leading to differentiation. The addition of
decomposed straw and straw biochar can increase soil AN content, thereby increasing the complexity of the fungal
network, thus, promoting fungal community stability. Therefore, for practical applications, it is advisable to consider
appropriately increasing the input of decomposed straw or straw biochar to promote the stability of soil ecological
functions.

Key words: Straw carbon; Soil fungi; Aggregates; Fungal co-occurrence network
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PR M R I BUR M Re 5, T o R 9 A 77 B AT
FME R AST, M H RS, Ry
905 SR (ARG 2 B DR, BT R B RS X
AR ZERIRE AT B MR R, A ) T S 3 A A AT i
IR B AEASOCR , OO BB AR 7™ ), e e o i
Fe A kA T AT R4 e HAT B 2808

I R AR L LS M R SR BT, LRI AR
WS S AL T 25 D5 1 K i R AR . A
RGN R AE RO A 52 e - e A W) 2 4
P REVE LRI 2 R ) G R, s )43
R P S FG A B ] ) FLBR S 48, AT LA o - S o
RS PR o A T el B akoF Ak
BEAS [ 2 SR AR AE S5 A RN A A7 AE 22 57, 3T
FURBEIE A0 A SRS TRE . A WETE R, Fs
FERR (4 i A BEHE I A LS i, AT e f 0%
PRI AL, A TRIAI R (<0.25 mm) [0 M
Bk (>0.25 mm) FeAUS, iR BRI, A
AT R AR B H AT A T EER
BT A e L IRTERG ATl N 1 S B A2

SRIMTAE AT SRR RUBE |, B0 G R o o by % FF i
A AR TR S PR 5 A o) i 7 2 75 — 38, Al
{FEE TSIz

YT, AR SE LIS [R) 28 ARG FF e A 3 AT
T 2 AFHENAL, RIS EEN TR, R
ity AR 1 HER AR AA (>0.25 mm ) FHf A Rk
(<0.25 mm ) FLR A RZ IR, #8597 - B VA 241
IR AR AR K S R BRI TR A B E &R .
B 7 A Ay 9 AT R A RS AN [ s Al 1) g 7 AR A
FHFAEMEEFR, D a sy ek + AT ig
R G AT Al R A 7 =B AL B A 4l

1 bRk

1.1 XIe A 5 ik dr #et

RIS T 2020 4F7E L 7R 48 i W0 B
(36°02'N, 119°12'E ) 563 1 & , 1056 Hh st 4 41
TR = B R 68.0 mo AEFRR 14.7 °C, FHREKE
701.4 mm, JEIRA RS, ARG 1, KT
o+ o PR IR H . )= 58 (0~
20 cm ) FEARACPE LR 1.

F1 KHIRERBUMR

Table 1 Basic physical and chemical properties of field soil

T2 R EERIIR S Ko
Available Available Ammonium Nitrate
Soil layer/ Bulk density/ pH Organic carbon/ Total nitrogen/
phosphorus/ potassium/ nitrogen/ nitrogen/
cm (grem™) (gkg!) (gkg!)
(mgkg") (mgkg") (mgkg')  (mgkg")
0~20 1.21£0.06 8.31+0.02 14.98+0.18 0.61£0.02 9.24+0.79 247.61+15.55 9.39+1.32 7.55+0.74

BEARRE: (1) W HURARRS AT, M RRpLIG Bk
FEFFA RS 1 mm 0. (2) JERARSFE, FEFFR AR
o 1 mm S, BSMARER, 217 3 JHA RS
Ao (3) B, FEFFREEET 1 mm 5,
BT Dy 500°CHE T AL
1.2 RIEit

T 2020 4 5 A @y A B, HEE 44>
Wb, AR 3 WES, SRABELX AR 535
H: (1) AHEREFFALBE (CK); (2) % HUBRERS FF4b
H(RS); (3) BAFEFALTE (DS); (4) FEFFAEY
i Ab 3 (BC ). KM S FEEH NC 55, B4~ 4

[ 0.60 m, LAEHIAEM 1 bR, MR T4 S A
21 HEHk, 9 A 27 Bk, :HEMEERHNRE
40 cm, 7 65 cm RA LI (PVC) EHIME.
W AR 0~20 ecm RZHEEZH, &
5 mm i & H o #EAE AN A7 B3 i B A, R T
MZ 240 om, W3 B 25 cem FEFZH 9 0~20 cm
LR b, AR S5 ik i TN 42 R R R B R
o B AFE R LA RS AR AW ok, RS R R
A, BRI R 2, A Fe AR 22 H 0 o 72
JEwitH, A N 4.66 g, P,0s 4.66 g Al
K,0 11.73 g.
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Table 2 Field experimental design

- ARV PR 4 5 Bk A L AERGFF I A LA AR =
Bt
Carbon content of different materials/  Straw consumption per soil column/ Carbon input per soil column/
Treatments
(gkg!) kg (gkg!)

CK 0 0 0

RS 404.71 0.140 0.060

DS 314.92 0.181 0.060

BC 527.78 0.108 0.060

W CK: ANHEFEFF; RS: # AU RS FE; DS: H#FEFF; BC: A AM ik, R, Note: CK: No straw; RS: Regular crushed

straw; DS: Decomposed straw; BC: Straw biochar. The same as below.

1.3 HFmxRE

F 2021 4 9 RIS IR TR 45 HAE
0~20 cm £ )2 4, W@ A EHE, FHBELEUREE
KA 0~20 om JFAR HFE, Be ARE TSR,
WS RS B =, —H &SR
JB T E 4 pH . 2% A R E R 1 &
Wy — 4 CUKFRGRAE, T RIS A
RS AW A a U R R IEEG IR o AR T
—80 CukA, T4 ERE T
1.4 WEFHZE

(1) HRERI RS, SRR i k™
K HIELREMGRE TR E—aK & (4100 gkg '),
WIECIR 1 [ SR E5 M 40K B B 2 1 em® 1Y
N, Jf L 0.25 mm ffi, WAE L >0.25 mm
A AR5 0 1 < 0.25 mm G A B4, T A
DRRE VR U 7

(2) LHerkm, H3EBIEtR. S (L
WAk Mk ) U 4558 (BD) FMIIENE ;
pH >R JH pH i1 ( Sartorius PB-10, Germany ) Jll % ;
A LR A TOC 43 M4 ( multi N/C 3100, Germany )
WsE; 2% (TN) SRR R e A EE; A
5 (AP) SR NaHCO; = $2— 5B bt b o 1k 5
B ( AK) SR BRI RI AE
EASA (AN, BEZSZ (NN) SR 1 mol- L' & 4k4y
VETRIR R, SEAL AA3 ¥ 8l 8 40 HT A0 2 .

A YR bR BEREEGTEE (Su) SRA 3,5-
TSRS R L AR 5E 5 PR R RIS ME (Ps) SR
FABERR R AN Ak e ;. SFAERBHEE (Ce) R
FHAEHEAAG TR o A E s T IREEEME (Ur) R

FHEEI W He (i (L NH3-N i) I

(3) TIEEEREYS, DNA $EHL. FREL0.5 g%
% RE, fdi ] FastDNA®SPIN Kit ( MP Biomedicals,
KHE) $REULAY) DNA,

PCR ¥ 3% K= zift.: M4 Lra 5 19 ITSIF
( 5'-CTTGGTCATTTAGAGGAAGTAA-3' ) /ITS2R
( 5“-TGCGTTCTTCATCGATGC-3") 43 IXI E I ITS
FLAHEAT PCR P44 )W B4 : TP 5 min( 94°C );
PEIR 34 K (94 CAEME 30 s, 55°CIE . 30s, 72C
FEAH 60 s ); FEAH 7 min (72°C ),

ITS FEHP 8 71 PCR 448 1 g i -0 B 7E b
R YE RS F R A R AR 47, A Ilumina
Miseq PE300 &7 2 7 & #4730 5
1.5 B

(1) MFFEdE s : (1] QIIMEL 4l (v1.8.0)
KM R AR EE , B AR RIPE>97% 1) 7 51k 4T OTU
®J., HETHYS Unite 80485 F BLAST 5k
ITHext, #17 o ZR4EE T YR A R AL B
ZREMESIHT -

(2)G 1143 ¥7 . FF Bray-Curtis 1158 15 B 4H 14
R B0 vegan W T FAFRIHT ( PCoA ),
MAES B L8 (ANOSIM) I E L p £
FEVER) B 225, (] Mantel test 43 H7 %5200 +
BB R S LM AT AR, I
LR AL R 28 43 M ] R ERFY igraph A2 5588, A
FH FUNGuild X} 38 B 2E4 T D Rg w0l 4347
fifi F SPSS 26.0 FA4F AT B 7 22 43 B FIAH OC 4
M, f# F Microsoft Excel 2016, Origin 2021 F1 R %k
AT EE A B 2 14
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2z R ASCiz H OTU %% . Chaol #5441 Shannon $5 %% iz it
HRHBFEYRE. FE L e, ik 3
VAT SR AR RIS AT B S BT LR o AR 5
Wi o S AT SRR i) OTU R Chaol #8500 T KA R

. . " b & T B AR RS b4 CK 5 E P& % Shannon
Shannon-Wiener J& [ BAFE A PHRLCEA) ZREAERD ek, KRN 8.78% (P<0.05), RS. DS #1 BC 4k

WA, % ”ﬁﬁg#zﬁﬂmmw AR ﬁgmf‘]ﬁ HEXF OTU #0F1 Chaol #8547 . 35 52 M , 78 K AT 5 ik
PR AR INER (P 1), DU s AR W, 5 CK A, RS b IR T OTU %4 . Chaol
AT FRCE (O RUEY 2R FUR Shannon oy pannon #54%, FEIRAMHIY 22.95% . 21.27%F
TR T A R A T, BEIPREE 26 059 ( P<0.05), DS 1 BC 4bHE X OTU %% . Chaol
RRGR, TR PR ZEMBAEYIEE . #5800 Shannon 1§50 255 . AT 0L, f0H H ik
ARSCN B A BRA AT K54 OTU 0 B SR TR R, RS b i 2 B 1 i A
o A 2a FW, fEMARMAT, CK. RS, DS Al RRFIK A B K BB BEVR S REE
BC B EHHE OTU 400k 187, 97, 163, 142 2.2 FEHBERWRENEFABREEEWHAR

21 BEHBREENARHAARCERFESH
(=:0EA

A, A OTU ¥ii 280 4>, ¥ 2b W, 7E KM sk
ke, CK. RS. DS Hil BC &b K54 B OTU 4341 TEI TR X B TR R 7 2 AT 30 (18] 3a ),
173,130, 196, 208 4>, HA7 OTU $dk 231 4. 455KWY, M & R A T4E50 ] Ascomycota
g Sr <025 mm a) g 5r >0.25 mm b)
5 S
X X
5 |/ 5
5 | 5
2 30 2 3t
|
Z 2
) &
o 1f — CK = 1 — CK
5 | —RS g — RS
£ | — DS s — DS
= BC %’ BC
w 1 1 1 1 | 1 1 1 1 |
O0 6000 12000 18000 24000 30000 00 6000 12000 18000 24000 30000
J¥3 %0 Number of reads sampled ¥4 Number of reads sampled
Bl 1 T OTU /K- B R (19 Shannon SRR BEHIZL (AL 97% )
Fig. 1 Shannon index dilution curve of fungal communities of soil on OTU level ( 97% similarity )
RS DS a) RS DS b)
CK CK
5 X
B DS
187 ® BC 173 ©BC
<0.25 mm A1 >0.25 mm AL

P2 S [l £ P SRR R v 5 TR

Fig. 2 Venn Plot of fungal communities of different aggregate size
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Table 3  Effects of straw carbon type on fungal diversity index of soil aggregates
Ah 3 OUT Chaol 5%k Shannon 5%k
%% Granular/mm
Treatments OTUs Chaol index Shannon index
<0.25 CK 643.33+37.69a 948.72+63.97a 5.47+0.08a
RS 572.67+17.42a 870.20+50.97a 4.99+0.15b
DS 637.67+57.53a 951.33+122.38a 5.54+0.17a
BC 630.33+15.72a 922.34+36.45a 5.47+0.16a
>0.25 CK 616.50+22.23a 917.38+56.49a 5.60+0.03ab
RS 475.00+20.88b 722.27+40.96b 4.13+0.01c
DS 583.67+20.79a 802.16+27.14ab 5.96+0.24a
BC 615.67+24.17a 874.18+51.75a 5.54+0.06b
100 — —— A —— b)
N ? & Others
b 3 03 Mycena
2 80f = 3 Schizothecium
15 Z 3 3 Papulaspora
2 Z Z é = % /\C/choth%rmus
S “onocybe
2 o7 % Z 7 £ 60 W [umicoly
s o 2 Didymella
2 = E gse?_d(; mnoascus
] 1 = opfiella
5 40 £ Others & 40 B Bo‘t?iyotrichum
& Glomeromycota 4 Periconia
e 1 Chytridiomycota E( Idriella
4 20¢ B Basidiomycota = 20 1 Fusarium
= Mortierellomycota &z Mortierella
o unidentified = g;metom;?um Il
= 1 Ascomycota 4 Plectospnaerella
0 - - - Y 0 - - - - 1 unidentified
CK RS DS BC CK RS DS BC CK RS DS BC CK RS DS BC
<0.25 2~0.25 <0.25 2~0.25
ZIESEN 1 GBS e

Agglomerate size/mm

K3 REATERE XA RDRL G ATERAR BT (a) B (b)) BOARXS 45

Agglomerate size/mm

20

Fig. 3 Effects of straw carbon type on the relative abundance of fungal phylum (a) and genus (b ) of different aggregate size

( 51.37% ~ 68.47% ), H WK 41 4 & w18 %5 1]
Mortierellomycota ( 2.31% ~ 7.85% ). #H T &[]
Basidiomycota ( 2.19% ~ 6.82% ) . 4% ]
Chytridiomycota ( 1.09%~9.75% ). ( 0.09%~1.40% )
FUH:At Others (10.10%~0.28% ). 151+ A1 & 1A F K A
Rikrh, 5 CK M EL, RS Al BC AbH T4 5 11
FHXT 5 BEREAR . AEJE K (& 3b), #AbBE
AR BE R/ NANEEERSEE Plectosphaerella ((13.15%~
18.47% ). B H )& Chaetomium ( 1.89%~15.41% ),
Wi B Mortierella ( 2.28%~7.84% ). #k )] &
Fusarium (1.26%~5.77% ).
23 TEFBREENARNEARECEREEZESEN

) 2 N

Sk E— 25 X L 45 Ak B TR] A P SR O L A R R 4
Fay Ry 2 S FAR U, 647 T3 F Bray-Curtis {2
) PCoA 43HT . ¥l 4a Z5 R IR, 5 — F A HR ( PCoA

1) FI8 —F 45 (PCoA 2) Btk T T A
TEVE 45 MBS S 58.85%. £ P SR A T K A 3R
Ky B ZHEETE —4E2s a] Fam TREE —EH
FS, Ul BRG] SR A I B R R 45 A A oL
o MIANE 4b Bis, PUAS A3 53> B 5 0 P 7%
CK. DS fil BC AbFEEE B in HAFE M /r S, R
W] = b A R B VR ARALEE =, B DS R BC At
B PR IS I S2 M RCR AN, T RS Ab 35 Al
A B ECTR R VR S5 A A 0 R . ANOSIM 43
Btk — 25 B, R FF B A B35 00 T BB 254
(P<0.01), RS ZbH5Zm i R W, MiA AR g%
PR L E A T & 25 (P =0.145), 7]
UL, FEFFRR IS AR AT A R AR 1 2 5 | BT AT
SEA2E S OCHE . I, ARG E— 2K A A R
1RG4 I 53 BT BIF 5% 5 T e I TR0 T L 1A A % 1) AR
HAEA.
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>
S
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<
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e
0.0
~02
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2025 0.00 025 0.50
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[¢] BC [#] CK [¢] DS [8] RS

Bl 4 AFIFS ARSI F R i 45 AR 70T (PCoA )

Fig. 4 Principal coordinate analysis ( PCoA ) plot of fungal communities of different straw carbon types

24 BHBEENEEHEEEAXRRMNERE
b
DR R P 4 S 2R i L B, — 2R
A T 218 TR T B il A 0T TR LA O 2R B I 248 7
EVERISENE , AW T H RS L BRI ( 5] 5),

FEXF L 0 2 By H M BT T4 B (3R 4 ) iSRRI,
AXFF CK 4bFE, BC (10.08% ) il DS (11.17%)
AR T AN ATEI L (1 S, I RS BEAIR
TR (8.99% ). BC Ml RS FEAK T M4 Rl i
o (12.79%, 31.20% ) A58 B (20.78%,

" @ Ascomycota

@ Basidiomycota
@ Mortierellomycota
@ Undentified

@ Unclassified

@ Mucoromycota
@ Chytridiomycota
) Others

[ Positive links
[ Negative links

K5 ANEIRS AR R B B RETE L IR0 2%

Fig. 5 Co-occurrence network of fungal communities of different straw carbon types
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Table 4 Topological properties of fungal communities co-occurrence network of different straw carbon types

M
AHEREFF CK R FERSFT RS JEPFEFT DS FEFFAE M o BC
Topological properties

5 4540 Number of node 734 668 816 808

1% Number of edge 1173 807 1555 1023
¥4 Average degree 1.598 1.208 1.906 1.266

AR B Average path length 1 1 1 1
% ¥ Density 0.002 0.002 0.002 0.002
FiHAL Modularity 0.991 1.079 0.929 1.046

24.41% ), e TR (5.55%, 8.88%), 1fi DS
P IR (32.57% ) MY sP I (19.27% ),
AR T RS (6.26% ). FIUL, 5 CK ACLBEAHLL,
BC il DS 4b ¥ Y FLEA LI 2% B0 A2 2%, vy T LA
RETE A R RS E T
2.5 FEFREBENEARGEREEIIENZN

i i FUNGuild % 5L 7 247 D e T 234,
SERINIE 6 P, HRREE Al &) o0 3 Fhia SR
JEHEEFA (saprotroph ), FLAE A (symbiotroph ),
g L 78 5 78 ( pathotroph ) Fl 4 FhH A 28 XU FR RIS .
Jog B Ji A= — 2L A= 9 52 B ( pathotroph-saprotroph-
symbiotroph ) . J& 4z — 3k 4= E 37 A ( saprotroph-
symbiotroph ) . %5 3 — i £ & F &1 ( pathotroph-
saprotroph ) il Ji§ P — 3t A= % 3% 1 ( pathotroph-
symbiotroph ). R4 Guilds /K, 4 MbEER FZE6E
B SR - AR - A A E A St T A
A JE A= B ( Animal Pathogen-Endophyte-Fungal
Parasite-Lichen Parasite-Plant Pathogen-Wood
Saprotroph ), A ¥)H5 ) 5 & ( Endophyte-Plant
Pathogen ), K24 JEHEH R (Undefined Saprotroph ).
2D ORI, FEFTFORAL BRI REAR T S J5—
P A — A AT A A 0 B — - SR A — AR SR A A
PN A= A s D L TR A AR R B, A i R AR T
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