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Comparison of Fungal Community Succession in Rice Under Granary and
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Abstract: [Objective] To uncover the risk of rice mildew and ensure cereal security, this study compared the
surface and endophytic fungal community characteristics in rice under granary storage and simulated storage with
high humidity in Zhejiang to explore the predominant fungi and potential toxigenic fungi under the two storage
conditions. [Method] Cultivable molds in rice samples were identified by plate culture, morphological
observation, and ITS sequencing, and fungal community diversity of rice was investigated by high-throughput
sequencing. [Result] Compared with that at the early storage stage, the mold number of samples during late stage
of granary and simulated storage increased by 7.05% and 12.03%, respectively. Although Ascomycota was a
dominant phylum in rice under the two storage conditions, the predominant cultivable molds were Curvularia
(35.66%) and Penicillium (51.13%), respectively. The relative abundance difference of Penicillium reached

42.7%. Alternaria was a common predominant genus of surface fungi and endophytic fungi in rice under granary
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storage, and the relative abundance of endophytic Alternaria (39.85%~91.51%) was higher than that of surface
ones (14.33%~30.53%). In the rice under simulated storage, Alternaria (<32.32%) was the common predominant
genus of surface fungi and endophytic fungi at the early storage stage, while Aspergillus (<15.01%) was the
predominant genus after storage for 3 months, which indicated an alteration of predominant fungi during storage.
In addition, the relative abundance of Fusarium solani secreting deoxynivalenol (DON) decreased by 3.10% and
2.46% in rice under granary and simulated storage over time, respectively. In addition, Hypocrea, Sarocladium,
and Alternaria were identified as marker genera in rice under granary storage, while Wallemia and Aspergillus
might be used as marker genera in rice under simulated storage rice at different stages. [Conclusion] The mold
number of rice under storage significantly increased, and Alternaria was identified as a predominant genus in rice
under both storage conditions. The high humidity increased the relative abundance of Aspergillus in both surface
and endophytic fungi. The potential toxin-producing fungi Alternaria and Aspergillus were the two marker genera
in rice under the two storage conditions, respectively. The findings provide a theoretical basis for controlling rice
mildew and toxin accumulation.

Keywords: rice under granary storage; rice under simulated storage; surface fungus; endophytic fungus; fungal

community succession
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Fig. 1 Total mold number in rice under granary and simulated

storage
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Fig.2 Mold colony and spore morphology of rice under granary and simulated storage
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Fig. 3 Phylogenetic tree established based on the sequencing data of cultivable mold in rice under granary and simulated storage
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Vol. 45 No. 4

242 BB ALE LR S

43 BT 3 b AL UL £i% 8K S 42 EMOLEM 1 Fl1 EM3 (1)
P AR B B VR 2 B PEREAE I, 3 PR 45 Chaol fi
2y 15 50.90.55.83 F1 38.67, 3 W Fifi 45 it il 1) 1)
EK,BENFEEEFEELABMGKE T RE.
A [5] 4 3RS 1R RE S ) Shannon 18 %8 70 B A 2.44.
2.08 F12.58,1H % 4H 2 W] TG & 35 % 55 (P>0.05) . i#
id PCoA | 5E 1) Beta % £ ¥£ K I , EMO.EM1 A
EM3 F5 7% 25 BRE B 5 i » Ut B AS [) 55 400 i 8K A )
TEA BN AR BB B VR R AR AP AR 22 57 o

MFgE R WE 7. 3FREE N AR BE 5
3SATTIVI2A 18N H 26 M EF 324N E 34 b
FETTKF B3R pt b L S E W3 BT, &
LT 18 7E EMO.EM 1 AT EM3 84 o AR

I FE: CHMRURBETEATERFERENLR

F= B 43 5N 96.80%99.94% Fl1 99.86%. 1EJ& /KT L,
3FPFEL UL B A BT X 1, Fo i EMO FE it B A 1
J& W5 EK 1% B )& (Phaeosphaeriopsis) iy 1 75 J& 1 75 75
J& (Gibberella) J3 1t % 1 J& » Fo A0 0T =F B2 73 il Ky
23.85%+17.85%+15.94% F115.35%. EMI1 F£ i o AL 3
B & 75 @ BRI1E B )8 (Phaeosphaeria) F 57 Jie 79 J1% T8
J& 1A S 3 B 4 i N 50.94%. 15.98% Fl 14.97%.
EM3 FE i o A% 7 8 B BRI B B A il B B N A B
J& MR FE 43 8 32.32%17.29% A1 8.70%. B
S AR FOL i K BT ] 1) A, B A 7 S B BR s R S A
B JB AR E R, T A B A R T
B o S5, AR L TE T B R A 8 5T T
B 171 S 35 AR 4K , 5 Zhong 25 HGE 57 2 o 9 AR R
7 S AR o

100 100
EGibberel]a [ Pleosporales_Incertae sedis unclassified
75k 75 Alternaria [_] Ascomycota_unclassified
Phaeosphaeriopsis FEurotium
Phaeosphaeria L | Pseudozyma
- S Sarocladium Stagonospora
DN g Pleosporales_unclassified Occultifur
el [ Ascomycota #F Setosphaeria Fungi_unclassified
# 50F [ |Basidiomycota I 50 Cochliobolus Saccharomyces
& [JFungi unclassified = Aspergillus ~ EMelanocarpus
m g1 = . .
= Hyponectriaceae_unclassified ] Cryprococcus
Dokmaia Trichosphaeriales_Incertae_sedis unclassified
Ophiosphaerella Haematonectria
25 25 Ecoprinelus [ Auriculibuller
Upavidiella L Rhodotorula
|.Malassezia others
Bionectria
0 0
EMO EM1 EM3 EM0O EMI1 EM3
TEn LEES
@ ITKEAHT (b) JBACTS b B EMO s EM | s EM3

s EMO e EM ] s EM3

b
QY
”I

mm c:g Aspergillus

mm d:f Trichocomaceae
= c:0_Eurotiales

mm f:c_Eurotiomycetes
B g0 Sordariales

mm h:f Cystobasidiaceae

(c) LEfSE#t 1k 43 37 &

mm a:g Pleosporales Incertae Sedis unclassified
mm b: f Pleosporales Incertae_Sedis

o_Eurotiales

g Aspergillus
c_Eurotiomycetes

f Trichocomaceae
s_Aspergillus_vitricola

f Pleosporales_Incertae_sedis

s_Pleosporales Incertae_sedis unclassified |
g Pleosporales Incertae_sedis_unclassified [ NRRMEEEE

s_Occultifur_externus
f Cystobasidiaceae

o_Sordariales

(I) 1 2 3 4
LDA score/(Ig n)
(d) LEfSEZ Aotk

B 7 RGN AL AR S AR AT

Fig. 7 Analysis of endophytic fungal diversity in rice under simulated storage

EMO.EM1 f1 EM3 # ASV % H 4> %] A4 116,
121.53 4, A FEm AL B ASVEH N 131,
EMO.EM1 #1 EM3 HE A 1) ASV 2 H 73 il 9 85
91.27/~. #H LEfSe % 5 7 #t K I , EMO 5 4% h

EREHAMERE EBKTF ELEREH
broEE & o EMILOFE b BR B S Bt s
(Malassezia restricta) #85%F 3 FE Wi 2 = T H Ath 2 Fp
M4 (P<0.05) . EM3 "' Occultifur externus F1 il 7

69



70

Journal of Food Science and Biotechnology

J& B Aspergillus vitricola 1] #8 X% =F & & % & T
EMO F1 EM1 £ & (P<0.05) , % 5 N EM3 R84 1) b
HSEWE. W B RRE A hN A R T
BELAES ETHE NEES FRAE B EEER
FRIE— 80 B3 A BAathEEEE T HREA
FEEERE It &R
25 HARLEEENANEERFFEHFEMNLLR

TE 15 AN A 780 BA 18], 6 il 8 45 36 28 30 B A Y
AEE T TREE T ARBET. YN ERF
BRI RN AR R R B KT 22 7, K
I AH X 3 FE AT 30 BB R AR A BE RS TR L S
B JE (Malassezia) « %4 J& (Coprinellus) « 7% 7. J&
(Haematonectria) 1% £f T8 J& (Saccharomyces) , 3
rh R A% i 2R AR RN AR ECTR R A N SR A i
14.34% M1 39.85%. 7 Hr fifi ek 15 4> 7 & il 75 4 o
2R E B VE KDL, AN FE AT 30 B H B R h #A
HER AR R B R e e AR R R A T R
2 25 FUBE B VR B R 108 A G S FE 43 00 30.53%
A 91.51%, T S15 [ %5 A 1 J& v B 22 B £
(5.30%), B15 [R5 A B & 9 B BRE 13 R (4.76%)
Spearman AH 5 1 73 #1 S 7, il B A H AR AR BE AR
flljg 5 W AR B2 B g (Pseudozyma) B UM =, T 3%
A B A 1% B 8 (Sporobolomyces )5 W A= F& 44 A% 1 )&
(Villoslclava) 2 1FAH 2% (P<0.05) , W& 8.

E AN (] By SO ASE 0L 7R 2 v 2 2R LR 1) 2 4
Pk . SMO AT EMO 4577 £ 85 1% £l & i 22 )& 7L <
JCE N E AN S = W S R )
J& AR A B JE , E 3R A2 0 AR B AR 0 = R i)
N 14.32% F123.85%. HIAGFEA hoAH x 3= B B 1Y
A T IL AR Y R TR JE (8.67%) B h A B B
(3.99%) 5L fitd 15 J& (3.87%) , 1fii AH Xt =F B %5 i 1) A
AW U Oy R RO JE (17.85%) \ w A E A
(15.94%) « 7% % J& (15.35%) . HE LAk 8 3 > H 1
FE i, 22 A8 R0 A2 B0 TR AR 0 3 BE T 30 1Y B JE
BIAFAE B A% 0 )8 | it 25 8 | BT B 8 (Eurotium) |
Ophiosphaerella MR EE BL & . #h % J& /£ R E H
R R O 15.01% , 111 £E Y A 32 0N 8.70%
SM3 s MR A LB WHE QY HEE
(30.20%) & 4 1 F& 1 J& (28.28%) , 1ii EM3 £
O RE A D095 B B A BE A TR (32.32%) B R IE I
J& (17.29%) . &l 8 Frow , & AH Ak #r R B
AW TR EES AN L 58 R

BE3I3HE 2026 F 4 A | ERE5EYEARFER

J& B IEAH K (P<0.05) , RAEKMAE S WA B
PRl i AT HH B R 5 7R OG (P<0.05) .

AL, 2 Fof i ek 7 2R RS A R AR LR A A AR
WA RBEE AFEEAE, HENETE T
Bl B iR o R RS AR TE A AR A B R AR EDIR S
T ZwIEIE T AMAESA, BT SBAE
fith gk Ik 2 o 9% 43 HE SR o fR RN G5 R P BE R 55 A
K, 5 0 R B T E R R ) AR ) R AR N R
SERE A O, W0 A N AR T L AR TR I R L A R
EVW R N N I ) Rt =B i = D5 2
N IEJEKE B AR A W E BRI
PRI 5 LG W] % 5 A T ) 2 R, T Re S 4
B M DARE IR DY A AL K 3 A A RS
B A R A G R, Bl R &
MM HBEOHESFEEHERTHEENTFER, B
R B AR AR R S, R gy
TRk g A B 77 AR AR BE BE UL HE VE A S2 R B
FEVE B AR
26 BHRBAMBRMBEEBAXBEERMENEE

Eb %%

2 Foli fity 98K PG A R A TP R LR B A XS S AR
EHEZES, LK. HikHEEomiEsRE
MAAEETHENTEERSNOEE, 70N
14.33%~30.53% Al 39.85%~91.51% , H. i & 1% %
BF IB) E < 777 3 0 . B i B A AR b il B B BN
S (<1%), 5GP H R ERIKA K. £
20 °C  AH T 1 FE 80% B3 T, 45 40 fidh 7 A 4 52 2
HEMMEMMEMILRE L, X2 2MEREMT
Mt & TR A b 75 S B A A 58T i R IE K
), X 2 Fh B ¥ & e AR B SO L B0
PER S BE R A v il A B R A H N E . H
o, B R TR (<32.32%) A B L% RS 8 R R A
HEMNERFEILERAEE, 5 A+ 5
VU i o A AL i BN [ A K1 3% 0 B, A UL i
3 AR R A BN A Bt & JE AT
JE 5 Bt v, 35 R A 8 R B b A R AR K
FAN 6 B Bk ) B R AR AE A R R Al 1) R
A B, HOAE 2 Bl i JECRE 35 B i IS TR) A8
KB W e 2>, AR SRS 23 0 R B A 3.10% A
2.46%. %M CAIESE S B4 DON & & 19 M
FA kDY Ak, 6 il B A R UL RURE S LA
HE T8 FRAE A7 A 22 5, 1T g 2 40U 4 i s 7E /=1 IR



Vol. 45 No. 4
o A B T B, 0 B UG COE S A K A

285U B 0 T 45 T L E 24~48 b PYIRLE LT
S48 4 06 0 DX 32 6 LB B E 72 g

I FE: CHMRURBETEATERFERENLR

JE PR R 4 R . AE AE IR E 97% B A
it R 5T, 4> 8 i 38.98% 4 1A BE V& 1 15.74%
Ny s G

. . Mortierella
Ascomycota_unclassified T Phaeosphaeria Fungi_unclassified -
. . 4 liobol . — .
Bionectria Q .COCh foo0mis 9 Pleosporales_unclassified . Ascomycota_unclassified 2 T% 0
L Sporobolomyces ! I -
; L 5 g I I 8.5
Coprinellus Y I Hypocrea RGN : / . Phaeosphaeriopsis '
‘ : \\ Pseudozyma fnlt* ) . I’ S I 1.0
{ E5-4 . X X
Hypocreales_unclassified : X ) . 9 Sarocladium @ SOy : ge. // @ :Givverelia %%6
\ N \ 7 X
/Ry, o DRSS
J | 7 7 .
: \\/\’ -1 Monosporascus‘ 3 7, \\ ) ,I t // 7 .Dokmwa 2 91
7 4
: ) \\\Auriculibuller - 8% >: S, \\\ \\ \ : f // 1 I 0.9
1 - Y. =y
Cryptococcus I / A -0.7 N ) TN // 41 //*Hyponectriaceae_ =0.8
I X u - 0.6  Haematonectria |}, XN\ RO\ )R unclassified -0.7
| % Malassezia P33 O TABR(T7 -0.6
. ) \/ ﬁf*ﬁ?\% VA% \\\ KX A *Rhodosporidium
Pleosporales_unclassified S - e Fusarium \ (YA PO E
A Tal SRR SN Setosphaeria 1EAHG
Sarocladi 1~ alaromyces Cochliobolus D\l\:* Bk
arocladium ;
Alternaria  Villosiclava Oph[osphaere/{{zernaria Wallemia

(a) BAEREA M B

AR /%

S © v O O DSOS
PSSR TESSS

SISO
5843

(c) BEMS A5 I A X = AR Al

(b) BRI EAE A AH S 2> B

[3~] [38) w2
(=] W (=]
T T 1

A /%

10

5_

O =

S D NN DSOS,
SASSIRESISSSSSS

s
(d) HIBE R A 5 AR 1L

B8 MatamPRAEAARFALARMXESTAXMEER NS F R

Fig. 8 Correlations between surface and endophytic fungal communities and relative abundance of key mold in rice samples

3 5w

B & i ek B[R] 1) ZE K, 6 il 2 R0 AR FOL A VT
R RSN E R SRS E B ES,
2 Mg g FE A AT Ry IR L W M R AR R
R, FEMAER NN ESHAERNEER. &
HEMNTFERE R, CHMEAREEFMNAE R
PO A B 35 DL BE A iR D 3, SR X = P B
[B) %€ K T b A R A LA R AR A R L WA R S
WA AR DLEEAS 8 o 3, FE R R K 3 N H R
AL 35 TR R e AR D i B TR IX 3R B A R B 2 S
W) SR BF IR S BN R P H SR EFMST
R W= N N N RN g S =TI v B P ol
fith 9 A 358 10 W8 B 6 PR AIE A 5B RN 9 D B A

HRMAREBREE, I, BRET N A M
LR V- RiINE VDS TR IR W NS
B, A8 B 0l 2% 0 T BE S SRR RT BE N T3 B
5 R AN TS 7 v A BT e 2 B R VR ) i
Ja A5 7 T R R S UE B . SR, A AT
FFAE — € JR BR A S R R AT — 20 $R F AS [A] 1 2 [X
SR B B AR AL R AR VE S B RN
F I REEALH

Sk
[1JALHENDI A S, ALI A M, MOHAMMED A K.
Microbial quality of paddy fields at alfurat alawsat area,
Iraq and the effect of milling process on the rice
contamination level [J] .

2023,2006):2106-2113.

Baghdad Science Journal,

71



72

Journal of Food Science and Biotechnology

(2] AR 8, Jkg v B, 55 . R & B U8 B VR 2 A I 2 FE A

BRI RELT]. AR AR 2022,37(5):24-31.
QI Z H,ZHANG H Y, TIAN L, et al. Research progress
in community composition and diversity of fungi from the
grain [J] . Journal of the Chinese Cereals and Oils
Association,2022,37(5):24-31. (in Chinese)

[3] KATSURAYAMA A M, MARTINS L M, IAMANAKA B
T,et al. Fungal communities in rice cultivated in different
Brazilian agroclimatic zones: from field to market [J] .
Food Microbiology,2020,87:103378.

[4]QIU Z Z, WU F H, HU H, et al. Deciphering the
microbiological mechanisms underlying the impact of
different storage conditions on rice grain quality [J] .
Foods,2024,13(2):266.

[5]HE P H, HASSAN M M, TANG F, et al. Total fungi

counts and metabolic dynamics of wvolatile organic
compounds in paddy contaminated by Aspergillus niger
during storage employing gas chromatography-ion mobility
spectrometry[ J]. Food Analytical Methods,2022,15(6) :
1638-1651.

L6 20, 3R, B K8, 5. A4 Ko b 2008 7 3R 0

b B A I HOR BE SRk LT, A 5 Lk, 2023, 39
(5):203-210,240.
NIU CJ, YE S D,HU Y X, et al. Research progress in
detection technologies of mycotoxins in cereals and cereal-
based products[J]. Food & Machinery,2023,39(5):203-
210,240. (in Chinese)

[7] QI Z H, ZHOU X, TIAN L, et al. Temporal and spatial
variation of microbial communities in stored rice grains
from two major depots in China [J] . Food Research
International ,2022,152:110876.

[8] CHAIQ Q,LIY,LI X L,etal. Assessment of variation in
paddy microbial communities under different storage

temperatures and relative humidity by Illumina sequencing

analysis [J] . Food Research International, 2019, 126:
108581.

[9]AYILARA M S, ADELEKE B S, BABALOLA O O.
Bioprospecting and challenges of plant microbiome
research for sustainable agriculture, a review on soybean
endophytic bacteria[ J]. Microbial Ecology,2023,85(3) :
1113-1135.

[10] CHEN F, WANG X J,QIU G P,et al. Establishment and
validation of a new analysis strategy for the study of plant
endophytic microorganisms[J]. International Journal of
Molecular Sciences,2022,23(22):14223.

[11] STRANSKA M, DZUMAN Z, PRUSOVA N, et al.

BE3I3HE 2026 F 4 A | ERE5EYEARFER

Fungal endophytes of Vitis vinifera: plant growth
promoters or potentially toxinogenic agents?[J]. Toxins,
2022,14(2):66.

[12] HUANG T, GUO S Q, LI W T, et al. Temporal and
spatial variation of bacterial and fungal communities in
rice grains during depot storage[J]. LWT-Food Science
and Technology,2024,196:115842.

[13] A&, B, #0458 . R4 UR B 208 2 0 ot
FELI]. RGBT, 2020,49(1):33-40.

HE XY, LYU C,DU L H, et al. Research on the fungal
diversity in raw rice[J]. Grain Storage,2020,49(1):33-
40. (in Chinese)

[14] LT W T, CUI J, LI J F, et al. Analysis of the fungi
community variation during rice storage through high
throughput sequencing[ J]. Processes,2022,10(4):754.

[15] MRy, 45, R EH 5. GM AR KPR B 8§ R 22t

PR S AR T SR R R A DT R
2024,39(5):46-53.
LAI Z P, WANG T,ZHU J L, et al. Safety evaluation of
Fusarium toxin in GM rice and analysis of endophytic
fungus [J] . Journal of the Chinese Cereals and Oils
Association,2024,39(5):46-53. (in Chinese)

[16] DU J,LIN Y X, GAO Y, et al. Nutritional changes and
early warning of moldy rice under different relative
humidity and storage temperature [J]. Foods, 2022, 11
(2):185.

[17] ARF 2 3 e, a5 . o ARG 7T 5 9% L VR 4L

AL FEPELT ] WA R, 2020,39(4) :683-694.
QI Z H, ZHOU X, ZHANG H Y, et al. Community
composition and diversity of culturable fungi from the rice
grains in China[J]. Mycosystema, 2020, 39 (4) : 683-
694 . (in Chinese)

[18] ZHAO W C, HONG S Y, KIM J Y, et al. Effects of
temperature, pH, and relative humidity on the growth of
Penicillium paneum OMI isolated from pears and its
patulin production[J]. Fungal Biology, 2024, 128 (4) :
1885-1897.

(191 A= ARET . T i a0 B 00 PP 4 50 AR o0 7k it 0 1) 3 74
BRI BEL]. BUCH S RHE,2022,38(7):98-106.
LTI X W. High-throughput sequencing-based analysis of
the succession of fungal communities during the storage
of northeast Japonica rice[J]. Modern Food Science and
Technology,2022,38(7):98-106. (in Chinese)

[20]) B0, AR, 775 %%, 7S A 6l 804 PR RS 4 3 o T 0K
ZRMESHNAEBEALIT. P EAR M %, 2021,36
(3):129-134.



Vol. 45 No. 4

GE Z W, ZHOU J X, FANG Y, et al. Diversity and
dominant genera of rice fungal communities with different
storage periods[J]. Journal of the Chinese Cereals and
Oils Association,2021,36(3):129-134. (in Chinese)

[21] M ERLFEN, B A, 5. SR 1l IR
fOE T e LI, RO A B IR, 2023,39(6) :45-48.
ZENG Y C, HUANG C X, XIAO L H, et al. Research
progress on fungi and their community changes in stored
rice[J]. 1,2023,39(6):45-48.(in Chinese)

(22] Bt d th A, 5050, &5 . gk ARSI 0 B 1 B AR K
Keorr B LT]. b e A R R A4 A, 2024515
(1):92-101.

CHEN X Y,MENG J J,GUO W B, et al. Influences of

subculture on the growth and Alfernaria toxins production

of Alternaria alternata[J] . Journal of Food Safety &

Quality,2024,15(1):92-101. (in Chinese)
[23] WANG T, CHANG G L, SHI H H, et al. Lipidomics

reveals quality deterioration and fungal succession of rice

under different humidity and brown rice rates [J] .

LWT-Food Science and Technology,2024,206:116618.
[24] AKBAR Q U A, ARIF S,SAHAR N, et al. Investigating

the effects of grain quality, processing and environmental

conditions on aflatoxin contamination in rice[J]. Journal
of Food Composition and Analysis,2024,127:105982.

[25] fRIE, sk B Ee . P 2P MFT W DY3123 170 i 5 8 3L
B 7 0 2 75 K B A RCR BT L I]. frdh 5 AR
4K,2024,43(12):71-80.

NI Z, ZHANG L L. Isolation, identification of Bacillus
siamensis DY3123 and its degradation effect on aflatoxin
B1[J].
2024,43(12):71-80. Cin Chinese)

[26] KANJ A N, GUIANCE I R, KOTTOM T J, et al. The

Journal of Food Science and Biotechnology,

intestinal commensal fungus Wallemia mellicola enhances
asthma in mice through Dectin-2[J]. Medical Mycology,
2024,62(2) :myae004.

[27] ZHONG L Y, NIU B, XIANG D B, et al. Endophytic

I FE: CHMRURBETEATERFERENLR

fungi in buckwheat seeds: exploring links with flavonoid

accumulation[J]. Frontiers in Microbiology, 2024, 15:
1353763.

[28) CHEN Y Q,SU K Q,LI C J,et al. Interactive effects of
Epichloé endophyte, dormancy-breaking treatments and
geographic origin on seed germination of Achnatherum
inebrians[J]. Microorganisms,2021,9(11):2183.

[29] MURAWSKA-WLODARCZYK K, KORZENIAK U,
CHLEBICKI A, et al. Metalliferous habitats and seed
microbes affect the seed morphology and reproductive
strategy of Arabidopsis halleri[J]. Plant and Soil,2022,
472(1):175-192.

[30] L1 X L, LI Y J, WANG Y Y, et al. Methodology
comparison of environmental sediment fungal community
analysis[ J]. Environmental Research,2024,263:120260.

[31] #3C2 B e B, IR 55 . /NP7 N 385 3 14 2 R M
FLLI]. B ,2021,40(3):487-501.

LIW Z,DUAN W J,ZHOU X, et al. Diversity of fungi
in wheat seeds[ J]. Mycosystema,2021,40(3):487-501.
(in Chinese)

[32] Fome d , ak A, MR R, 55 . 0 v e o 005 B AR R /s

H A AR P B VR AR AR T]. A AR #2020, 41
(14):109-115.
YUE X Y, ZHANG H, CHEN W F, et al. Using high-
throughput sequencing to study the development of fungal
community in stored wheat[J]. Food Science, 2020, 41
(14>:109-115. (in Chinese)

[33] ZHANG X J, XIAO Q Q, WANG X, et al.

Seasonal

variations in  physicochemical properties, volatile

compounds, and microbial community structure of
Dajiang fermented using a semi-controlled method [J] .
Food Bioscience,2025,63:105791.

[34] SHIQ,LIQ Q,WU C L,et al. Deoxynivalenol damages
corneal epithelial cells and exacerbates inflammatory
response in fungal keratitis[J]. Mycopathologia, 2024,

189(2):28.

73



