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Mechanism of Dynamic Changes of Fusarium graminearum Abundance During
Decomposition of Maize Straw and Its Derived Biochar
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Abstract: [ Objective ] The application of straw and biochar is one of the most important measures to improve soil fertility, but
whether the abundance of Fusarium graminearum (Fg) concurrently changes during the decomposition process remains unclear.

This study aimed to investigate the Fg abundance dynamics with the decomposition process of straw and its derived biochar, and
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the potential association of it with the variations in properties of organic materials and compositions of fungal communities.
[ Methods ] An indoor cultivation experiment was conducted by simulating adequate field conditions for Fg inoculum. Four
treatments were designed: (1) maize straw (S), (2) biochar plus Fg (BF), (3) maize straw plus Fg (SF), and (4) biochar plus maize
straw plus Fg (BSF), among which the maize straw and biochar were added with the equivalent carbon mass. [ Result JOur results
showed that the Fg abundance at 7, 21, 42, and 70 days was on average in the order of BF>SF>BSF, and the Fg abundance from
the BSF treatment was 84.07% and 69.11% lower than that from the BF and SF treatments, respectively. Correlation analysis
showed that the Fg abundance was significantly positively related to total carbon (TC), total nitrogen (TN), total phosphorus (TP),
and total potassium (TK) of residual organic materials at 7 and 70 days, and these nutrients were all highest in BF treatment.
Besides, the fungal community compositions of organic materials significantly differed between treatments, which were driven by
both the Fg abundance and the properties of residual organic materials. We further discovered that the significant enrichment of
BF treatment by Dirkmeia and Exophiala may be associated with the occurrence of some plant diseases, while the BSF treatment
was remarkably enriched with Sarocladium and has biocontrol potential. [ Conclusion ] The above results indicate that the
dynamic change of the Fg abundance during the decomposition of organic materials may be mediated by the conjunct effect of the
variations in the nutrients content of residual organic materials and it-induced transformation on fungal community composition.

Our study provided a novel directive for selecting suitable organic materials to improve soil fertility in terms of the perspective of

preventing and controlling Fusarium head blight.

Key words: Straw; Biochar; Fusarium graminearum; Fungal community composition; Fusarium head blight
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HLYIRL o fift 2ok 72 mp 5% B8 A MLADRL Y 2 S 3% 0 7 2
Ak FLR ARSI, (3) PPl Fg &g &
5% B A DL R 5 22 A BV FE SR 2R o

1 bRk
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HILYIEL CO, B ( g-kg’l ) = (Vo=V7)
XCxe1/2%44/m/1000

A, Vo WES S AR AR ERR R AR (mL ); ¥,
A i A THAERIRRHEER R AT (mL ); Cuor WARHE
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[, BF AbBEE SR 7 d BFAY Fg & #4305k SF F1 BSF
ARBREY 20.49 £ 501 5.68 175,70 d B3>~ SF il BSF
REERRY 5.75 45 F 7.26 4% ; TTE 21 d F1 42 d B} BF
AEEER) Fg & W53 5% BSF AbFH S 84.51%F1
81.39%, ¢ SF AbFHAIL 5.47%F1 46.33%,

Ton r [JS zaBF 3 SF aA
5:3120- aA %
. § 100
oS
Mo 80
® S S
= &3
w2 s 60
S §
&2 % 40
LI
£ 20
3 0 | lmm AL
S 42 70

fsf /8] Time/d

: S, BF. SF fll BSF 0Pl R f6 4T . W B+R AR
W ARSI TR . AR ARSI s IR 2L SRR
FriE2s . [ — 85 B W WA R /NG FoRE R AN [ b B2 6] 2% 57 6
# (P<0.05); [Al—Ab BRI RS F B RN R R 3 B i 1 2 1] 2%
S (P<0.05). F[F. Note: S, BF, SF, and BSF represents
maize straw, biochar plus Fusarium graminearum (Fg), maize
straw plus Fg, and biochar plus maize straw plus Fg, respectively;
The error lines on the bars represent standard deviations. Different
lowercase letters under the same cultivation time indicate a
significant difference between treatments, while different uppercase
letters under the same treatment indicate a significant difference
between cultivation times ( P<0.05) . The same below.

K1 ARSI &t bR 7 I R A 3h 221k
The dynamic changes of Fusarium graminearum abundance
with cultivation time

Fig. 1
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R 1 RO HMRIRFEAR T 72.03% . 69.10%F
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Fig.2 The cumulative release amount and the release rate of CO,
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Table 1 Carbon mineralization parameters of organic materials
estimated by the first-order kinetic equation

fb PE Treatment  Co/ (gkg™) c/ (gkeg!) R?

S 37.49+2.61b 3.89+0.05a 0.994
BF 2.45+0.56¢ 0.03+£0.01c 0.979
SF 40.58+3.18ab 3.81+0.16a 0.995

BSF 41.534£2.55a 3.32+0.46b 0.996

TE: Co NBTET T LBk & &5 C W BT bk & i R —
G S T REBI S LI o R AP BE NP IE £ ARUER(n=3),
[F3] AR NG FREFR RN R AL L2 ) 22 5 .3 (P<0.05), F
[f]. Note: Cy represents the potentially mineralizable carbon of
organic materials; C, represents the easily mineralizable carbon of
organic materials; R* represents the goodness of fit of the first-order

kinetic equation. The data in the table are of means + standard
deviation ( n=3) . Different lowercase letters in the same column

indicate a significant difference between treatments ( P<0.05 ) . The

same below.

B AL, & BF<S<SF<BSF M2 {L#
A, H BSF 4R Co & S AbBRE E W T

10.78%, 1fii BF Zb#H %) Co % S. SF F1 BSF Ab # 4y
BIFER T 93.46%. 93.96%F1 94.10%. C, 7EA[A]
Lb P 2 8] 5 Bl BF<BSF<S =~ SF {2 L M ft, Hovr,
BF il BSF AbBL5 S AR FHAH HL 4 I FEAK T 99.23%
M 14.65%,
23 HRBAVYMHNEREFSSE
245N, DA SRAERHI AR ALY R
2fx (TC), 2% (TN). £# (TP) f2ef (TK)
UL BF Ab ¥ AR, HOK Ok BSF Ab#E, SF fiTS
fab P £ WU R T b B P A T IRAROK . 5 S Ab B
A, SF ALBRAE 4 AR TC & 23500 % A8 1k,
M TN &5 8 SE X AR T 26.43%, TP & 0 F- 248 fin
T 30.07%. #E— 0P RREI A IR0 SHIEIEE
WA B S S L LA, R BRI AE Rk A BB BF
Al BSF () TN, TP fil TK & & Ffi 15 & Wl ¥ ok & A4
WEARE ;TS ARFRAY TN 5 it BE B 3G
Fhi, HAE 70 d SR 17.27 gkg ', RHAS
AR 1.21 45 ~1.39 £,

x2 EREBANMBMNEREFIZE

Table 2 The content of total carbon and other nutrients in residual organic materials

Aff] Time/d AbFE Treatment TC/ (gkg') TN/ (gkg') TP/ (gkg!) TK/ (gkg ')

7 S 450.5+0.8cB 12.41+0.81cC 0.90+0.05cA 15.27+1.26¢B
BF 534.8+14.3aA 17.2241.12aA 2.00+£0.01aA 31.69+1.32aA
SF 461.5+0.8cAB 11.04+1.51cA 1.67+£0.04bA 17.7340.06¢cC
BSF 490.7£17.7bB 15.02+0.58bA 1.66+£0.05bA 25.83+3.69bA

21 S 462.8+11.3cB 14.23+0.89¢cB 1.16£0.11cA 25.94+2.39bA
BF 558.2+17.4aA 18.33+0.40aA 2.04+0.04aA 30.50+1.73aA
SF 456.9+3.8cB 8.82+0.24dB 1.68+0.06bA 15.00+0.12¢D
BSF 495.1£8.8bAB 16.71+1.16bA 1.79+0.21bA 27.41+2.59abA

42 S 476.3+4.3cA 14.05+1.56¢B 1.16+0.34cA 17.81+£2.09dB
BF 555.1£12.8aA 18.10+0.58aA 2.05+£0.07aA 30.51+1.28aA
SF 471.3+6.1cA 11.36+1.04dA 1.27+0.04¢cC 20.59+0.36cA
BSF 514.2+1.5bA 16.08+1.09bA 1.61+£0.35abA 24.53+0.91bA

70 S 455.6+4.6cB 17.27+0.57aA 1.31+£0.08cA 15.79+1.85¢cB
BF 544.74+3.5aA 18.60+0.66aA 2.10+£0.13aA 30.45+1.04aA
SF 459.9+9.7cAB 10.79+5.17cA 1.57+0.07bB 18.85+£0.89bcB
BSF 502.2+2.7bAB 15.49+1.13bA 1.57+£0.09cA 22.13+2.92bA

. TC: &Wk; TN: &4%; TP: &8f; TK: 28, F—FNUT, RIS AR/NGFERRRAR S )25 B E; [F—
REBRR, EA R EKRE F AR R AR B E R 2 A 22 5 B3 (P<0.05). R, Note: TC: total carbon; TN: total nitrogen; TP:

total phosphorus; TK: total potassium; Different lowercase letters in the same column at the same cultivation time indicate a significant

difference between treatments ( P<0.05 ), while different uppercase letters in the same column at the same treatment indicate a significant

difference between cultivation time ( P<0.05) . The same below.
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24 ABBRIVESESKBENEMERMNEXE

3 MAHAE T4 R B, 76 7 d #1070 d B
Fg & SR BAIY R TC, TN, TP Il TK 3%
IEASE (P<0.01), TS5 Cy Al C, BFHMAAL (P<
0.01). £ 21 d 142 d i}, Fg &aS55kEANDE
() G S F7 05 5 AR I BB AR G ( P>0.05)
(B 42d5 TN BEFRMLZI ),
25 HEBEEVYUMNEREEEANRESHER

FHIXHR

o ZHMH Chaol $8ERAE, HAEM K, £
FREEEE M (B 3), NEBEAMEFRES,
BF 4B Chaol 5 K5 7 I 6] JC i #7214k,
Ifii SE 1 BSF &b FHAY Chaol #5816 4E 7 K ,
SR J5 Bt 25 55 3% I () 358 i 2 R AR AR R AR Bt
(7] — i H AN [] Ak 382 ) 1) 22 551, BSF &b $H7E PO 4>
FAERF I EEA A T B K, S A3 Sy B
K S

J£T Bray-Curtis B 25 % PO SR A B 1 1) B0 TR #F
AT PCoA 43041, IFFIFH CCA 3 HiihsE Fg FirF
MR o L AR E AR . 255 R (& 4),
TS 7 K, PCoAl Bl PCoA2 4yl ke T
48.84%Fl1 36.37% 1 EL P HF 75 21 8RS, 22 J0mm i

e 531 2% W 45 Ah B I T R O AL W 22 S
(P<0.01); S RY BEHILERSE—HBR, C.
Fg. TP. Cp. TK., TC Fl TN {K U E B & 9K 5hiz st
BRI AL R B TR 3 20 2R iy E AR
To FES 21 X, PCoAl Hlifll PCoA2 flior il fffe 1
31.10%7F1 19.84% 1Y K & E & 41 A8 5, HA AL BRI
FLARER AL P 22 57 1035 (P<0.01); SEFF RP &
Bt R, TP Fl Fg RUCE W& K 3 Z I AN [H]
ALY R B R REE AL ) R BT T fE
%5 42 K, PCoAl Bl PCoA2 14> M BE T 26.38%
F1 23.33% M FL IR AF P A A8 5, HLZH TR RO P R 22
FB#E (P<0.01); TK, C,. TC, C,. TN, TP #l
Fg MR B 35 9K S i i) R [5) A LA Ak v B
KA EEIREER T, 5 70 K, PCoAl
R PCoA2 Hli 43 BIfH A T 23.34%F1 16.86% M) ELFA
HEVE AR S, DU A B 27 (6] ) T A 5 2L ol 22
3 (P<0.01); TC, TK, TP fl Fg KK & i 3 1K
BNZEHAS R A B R B B RV S5 AR A )
HEEH o U85 R R A ML R Fg &y
SRS FE B S AU A G, Ak ALY
IR Al e 37 53 Fr A R Sl 4% 355 1 6 ) B TR A S
2 SR E R

£3 AARNEFESHREAVTYHERMBEXE (n=12

Table 3 Correlation analysis between the abundance of Fusarium graminearum and the properties of residual organic materials

HsJ (8] Time/d TC N TP TK Co C
7 0.901** 0.830%** 0.968%* 0.836** —0.990** —0.982%*
21 ns ns ns ns ns ns
42 ns —0.668* ns ns ns ns
70 0.832%* 0.763* 0.884** 0.903** —0.978%* —0.989%*

T 7 FORMRMEE P<0.05 B K, “%7 R P<0.01 EKF, “ns” F/RTEEMEK. TR, Note: “*” indicates

significant correlation ( P<0.05), “**” indicates extremely significant correlation ( P<0.01), and “ns” indicates no significant correlation

( P>0.05) . The same below.

2.6 WIE Fg RETUMBEEREYH

A 3 3 AH X F BEHETERT 50 19 ASVs, H ZRITAH
X 2 BE SRR BE Y 93.57%, IR R e L
AT AL DR Fs ASVs. i —2B XX 50 A
ASVs BEATIRKF ERYIRZERRE] 16 MEHR, il
i BEHLARMR BT PPAG T X LEAL R *S Fe & Aefk
M EAE (B 5), 4PREA 5 AR HE Z L

WEARN, HhSRIIwE ( Fusarium ) JE5 T Fg &%
TR EEN R, KR e B R
( Sarocladium ). Dirkmeia . J& 5% )& ( Humicola )
AN E ( Exophiala ).

i — LR A E R S MERRTEARREEE
B 4R B Z [l ) o3 A 22 5 (I 6 ). S5 RFRI,
5 Fg &a AL M), S AbH# A5k T] & ( Fusarium )
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Fig. 3 a Diversity of fungal communities under different treatments

TEEAN BB W E M E R K. 5 S PR EL
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i SF 4b#F1 BSF 4b¥E . AL, BF Ab3AE 21, 42
F1 70 d i AHEE T SF I BSF AbBEAATBA B 5 4 1 4
)8 (Exophiala), 76 7 d 1 21 d M B EHET
Dirkmeia, BSF AbHAEPUAS RALRT I B E4E T
T EE (Sarocladium ),

3 3 ®

HREF R B IMANER ST (Fg) B,

~
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oales P=0.001 L3fp=0.001

. » BF 8 o
e SF R © 1.0+
o » BSF =
o ° = 0.5r
< 0.0 N
) & 0.0F
S 8 S
Q o O -0.5F

04 -1.0}

-0.4 0.0 0.4 -2
PCoA1 (48.84%)
42d
°S P=0.004

S 0s[SF
& |eBSF S
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S 0.0+ 3 S
201, e = | 2
g - ©

0.5 -2

-0.5 0.0 0.5 -1 0 1
PCoAl (26.38%) CCA1: 22.02%

70 d B E BRI Fg AEE (1), Bt
BB Tt F ) E R AEFE A BN Fgo AR IR
N INAH R B Fg B EORFEFF (SF). A9k (BF ).,
FORFEFFFIED AR A A HLAYEL (BSF) b, M 4
AW B[] (- IE SR R, Fg & 7F BF A3
{5, IM7E BSF AR i fik, SF AbFEH Y Fg & &
A F LR WAL B 2 ] 3 U B Uit S ORFE FFAR EL
APy R T Rk Fg AR , T 7E A ) ¢
S5ARAGERE, WEBARIH TR wEA K
PR o HE— 2 AHCE T R B (% 3), Fg it &
WEAHYRAY TC. TN, TP Ml TK & EA,

HEnT bk (Co) MBT KR (C) BE MM
K 1M CCA 2559 ([ 4) SR Fg FIA WL RS K
FR50 M T IR Bl L B RV AL R AR AR ) S B IR T, S
RANLYRL S R Fe & i sh B8 mT g TR
i 27 1 5% B A LA R 1 5 R HL IR B 1Y) L B TR
HMA R FE R . A9 A BF AL BE) TC. TN,
TP Al TK 7Efr A b i sy (R 2), (B Co F1 C
WREARCE 1), 0 B 2.45 g-kg ' F10.03 g'kg ',
Ui A e A AL P AL EA T AR AR 2218, W R
JOX Fg A K R e R vl AR IR H TC Frd Aty
A B . R4S BSF ARFRAY TC, TN, TP Al
TK & W% T SF AbH, {HH Fg & & N/NT SF

21d

04reS P=0.001 P=0.001
— ° BF H
X SF X 2r i
% ° BgF ° =
2 0.0 =
~ P .. 1 C(l
a ° &
< < c TP
S &) 1 d
-0.4 e INTC—Fg
1 1 ’ 1 -1 1 | 1 1
-08 -04 0.0 0.4 -1 0 1 2 3
PCoA1 (31.10%) CCA1:21.71%
70 d S
° = TC =
SBE 3. P=0.015 TK P=0.003
s SE.® <
:% » BSF 82
s 0O =
p ® s
O @]
~_04
° . . 2t
-0.5 0.0 0.5 -2 -1 0 1 2 3

PCoAl (23.34%) CCAL: 17.3%%

Kl 4 A HLYPRLECR RS ) 32 A b A BOH 5 AR R 20V B SR AR 5 23 B

Fig. 4 Principal coordinate analysis( PCoA ) of fungal communities of organic material under different treatments and canonical correspondence

analysis ( CCA ) of the fungal communities with total carbon and other properties of organic materials
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Kl s BEALARRIEAL R0 w0 R A i ] 5 A2 e
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Fig. 5 Random forest estimating the importance of fungal dominant
genera on variations of Fusarium graminearum abundance

AbEE, ISR AP R, R ECRE P AL L, %) BSF
AbBE Fg A AR AT RE R 5% B AT HLYDRE P ik
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S ¢f <8 932
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3.1 HEBEAIRRAFRS 2B Fg S22

CA REMFTERIA, IR0 & e nfe ot in
PR . XUARMGAFEPIR I, AF BAR bl A
P+ RAIUILIE, IR R R | 3L
PRAIA BB B R P, i P A S R
TR B2 1 % . Lekberg 5P HA N HUjiti &5
A A FAL A Y SR BE T, 5 5 AR
WhA . ERAECME L, I R AR 1 )
SR 734 A R R TR AR R, g DX A
R RN L R A SG o AR — PR LR A%
T LR, Fg BEAR IS PRI 2R F R B 15 1A
FRBURE A E IR, A2y 3 IR IR 228 F 03 A=
TR AR SR Y s R, Fg W —F r
MG TAGAAE Y, R S A PR TE R B AR E R SR B
HUE R 5 AR BN IR o0 A e R AL A B TR R 11
FER P Ik, AR DR
TR PE B AR AT RE 220 Fg AR KB 7720 i it
%K, FASEM A K

70d

a'b .. Humicola 1

. o Sarocladium I
S g% of e 0

T P @ AT 21 6 3R R X0 B AR BRI Bl BB R, B S Sk AR 0 A BRI IR R B . [l SR R

IHAARL . B AR TR I ) — A7 AR NG 5 RN R [l AR B 2 ) 22 55 i 2 (P<0.05), SRBRIC T 1 A 27 AN [m] b B 2 [1] 79 9 2 S A
.3 (P>0.05), Note: In this figure, the closer the color to red, the higher the relative abundance of fungal genus in the corresponding
treatment, and the closer the color to green, the lower the relative abundance of fungal genus in the corresponding treatment. The same cluster
tree indicates similar abundance distribution. In the heatmap, different lowercase letters in the same row at the same period indicate
significant differences among the treatments ( P<0.05 ), while unmarked lowercase letters in the same row indicate no significant differences

between the treatments ( P>0.05) .

Ko AFALET BELH 2R

Fig. 6 Differences in the relative abundance of fungal dominant genera under different treatments

ARWF5Er, R4 BF ARBRT PO SRARE IS 1 19 5%
AP TC. TN, TP Hl TK & 8 X R W,
B Fg AR MR BEOR AT REIFAE K A TC Frd it
T R IR, DR A 22 A B A Vs A AT A AR AL A
FA B S AL T AR, UL AR R AR B A B i
WIBE AR o 2%, AT HLEBRARME g i 1k
X B T AR R T A A R B v R s R
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REFRIEIN Fg & i VS AE AL AT BE¥5 A2 T -
(1) Rl AR B 235 A A 90 A K B0 i AL
SERGIIE . AT 5T R AR ) kAT B R 2 L2
FARE 7 24 JEE 7 Ik Z2 R sl A 4 (A6 8 2 ) 20 g
HAHALEEF A A2 B BTN R 5 e AT ML % £ %5 D) AH
P Ik, BF AbFEEEIN Fe & nlAEfe T H
T AR SF-AE B B Z2 AL 25 A T 1T 7 A ) 1 3L e 4
s, (2) WD ICEMME L . AP A AE
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Vi AE I B rh 2 AR R K Sy, BRI Bioc =4
B SAA D B TCHLER Y BT, X S8 K5 B IA R g A
S A PR A R 3K B g SR A K AR AR AR OIE L
BRI, (R R BT 3G aER Y, YL, BF
AbEEN Fg & B o/ F B 5 YR PE it T2/ N,
P. K ETLHIR0HA K.

3.2 RBEVYRERREAR Fg &=

5 S 4bFAHLL, %hn Fg f BF. SF il BSF At
PEBIA AR B4R o T B VR 1Y o 2R (81 3),
FW] Fg S55EA VYR B 4 T HAEX
o FET PCoA 1y B ZHENEI T CCA AT 4 R
N (EL4), TEUAEERBIN, Fg & 2ikshin
R AR BN 22—, BT HE T 4 AL
5 Fg & 28 A0 i AR OC S B T REPLARM A 18 5),
A B A T T WS Fg & A8k iy 5~
g . W E (Fusarium ), 258 ( Sarocladium ).
Dirkmeia . J& Jii % J& ( Humicola ) F1 4k % &
( Exophiala ).

A (K 6), SAAMAERES 21, 42
70 d W E R TSR (Humicola), H.
R 3 B A B A R ) TR B T R
e Jm e — SR AR T, R AR W R S 1y ol
OB B BB 7= AL 27 4k 25 - 21 4 il . A SR 55k
TS FE A DL R 2 024 1 BSF Ak Hi 7R 3
A EEFRII A 2 w7 RS ( Sarocladium ).
I 2 W0 R W RS JE RS 43 W 2 R P LRI M)
5 AT K 495 DT LT 19 4 K L Potshangbam 2515
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