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Effects of fungal diseases of silage maize on microbial diversity of silage
fermentation
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Abstract: This research explored the effects of fungal diseases of silage maize on microbial diversity and community
structure of maize silage during fermentation. Fermentation of maize silage without any disease (CK) was compared
with that of silage maize infected by Alternaria leaf spot disease (YLG) , Bipolaris sorokiniana leaf spot disease
(YM), Ustilago maydis silage maize (YL ) and common rust (YX), with three replicates per treatment. After 40
days of silage fermentation, Illumina amplicon sequencing technology was used to analyze the fungal and bacterial
diversity of microbial communities in each sample. The analysis revealed that the microbial structure of silage maize
samples was composed of 6 phyla, 50 orders and 164 genera of fungi and 11 phyla, 43 orders and 123 genera of
bacteria. The fungal taxa Ascomycota and Basidiomycota were the dominant phyla in each sample, with a total

abundance of more than 90% in each sample. The abundance of the fungal genera Fusarium and Candida in silage
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maize with disease was higher than that in the CK treatment, and the abundance of Penicillium and Aspergillus in the
YM and YX was higher than that in the CK treatment, while the abundance of Wickerhamomyces in silage maize
with disease was lower than in the CK treatment. Firmicutes and Proteobacteria were the dominant bacterial phyla in
each sample, with a total abundance of more than 99% in each case. The abundance of Enterococcus and Weissella
was higher in the CK treatment than in the treatments with disease; and Streptococcus was only present in the CK
treatment, with a relative abundance of 0.003%. In summary, this study has clarified the microbial community
structure during maize silage fermentation in disease-free crop substrate and in crops affected by four different fungal
diseases and identified the dominant bacterial genera present during fermentation in each case. Our study showed that
the presence of fungal diseases resulted in an increase in the abundance of disease-causing pathogens, which
decreased the abundance of Enterococcus, Weissella and Streptococcus. These changes would potentially have a
negative impact on the silage fermentation environment, and affect the normal progress of the fermentation process,
possibly leading to a decline in silage quality. Our results also provide information for the subsequent study of quality
in maize silage.
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Fig.1 The Venn diagram of fungi and bacteria in different diseased silage maize
a: HLW Fungi; b: 4l Bacteria. CK,YLG YM YL FY X 43 5 A8 36 A 5 AR AT AT 3 A 17 00 S 0K 24 A 0 A6 9 I SRE05 357 7 6K R A 202 ARG P Ji i 46
BRI K R AR E N ERM A A SFEREY EK, TH. CK, YLG, YM, YL and YX respectively represent maize silage without any

disease, Alternaria leaf spot disease of silage maize, B. sorokiniana leaf spot disease of silage maize, U. maydis silage maize, and rust silage maize. The

Table 1 Fungal diversity index of different samples

YLG

e A% ¥ 515 8 ACE Chaol T U AR
Treatment Coverage Sequence index ACE index Chaol index Shannon index Simpson index
CK 0.9999ab 69587¢ 76.6465a 76.9000a 1.1931b 0.5950a
YLG 0.9998¢ 78248a 75.7685a 73.7417a 0.7702b 0.6046a
YL 0.9999b 74877ab 75.3835a 73.8287a 1. 0058b 0.5712a
YM 0.9999ab 73034bc 84.9548a 84.6667a 2.5355a 0.1519b
YX 1. 0000a 72049bc 93.4416a 93.1111a 2.8101a 0.1267b

TE = [RIAVBCE 5 AN /NG 50 3R AN [A) A B ) 22 S 1 35 (P<<0..05) . Il

Note: Different lowercase letters in the same column represent significant differences among treatments (P<0. 05). The same below.

R2 FREEMEESHFEEY

Table 2 Bacterial diversity index of different samples

Ak Bt RTEGE ACE4E% Chaol 4§ %k ARG AR H
Treatment Coverage Sequence index ACE index Chaol index Shannon index Simpson index
CK 0.9998a 63961a 56.9626b 54.8030b 0.6553ab 0.7405a
YLG 0.9996b 64736a 118. 3162a 113. 3268a 0.9392a 0. 5585b
YL 0.9996b 67705a 101. 0006a 94.7643a 0.4791ab 0.8107a
YM 0.9998a 63455a 56.4746b 52.3095b 0.4166b 0. 8225a
YX 0.9998a 66425a 57.5407b 52.5902b 0.4767b 0.7690a
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Fig.2 The abundance distribution of fungal community at the level of phylum, order and genus
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TE1143 26K F B (I 3a) , AN [R] i b B3 ) 35 T2 K 40 AR5 T 1A 104>, 43 0 A JEBE TR 1] (Firmicutes) (A2 JE
B [ (Proteobacteria) . il & W ] (Actinobacteriota) . 48l #F & 1 (Bacteroidota) . K 43 28 [T 19 401 &
(unclassified k norank d bacteria) . JE % # '] ( Verrucomicrobiota) . & #F & '] (Abditibacteriota) . &7 5 Bk & ]
(Deinococcota) , Patescibacteria F1 g BR B ] (Myxococcota) o FEFE fh A % A5 95 5 41 & A B A% 0L 0 B 4 L & A2 988
SRR A K AR A AR ST BT O A v R 2 R R AR SRR AL b AR SRR T 10 TR IERE R TR TR B T R
B[] TR 25 4L AR 6 45 B2 95,2204 ,95. 06240, 96. 7190, 98. 8520 M1 99. 73005 A8 B T '] 76 4% 41 B89 A X F JiE
4.74% 4.46% .3.22% .1.12% 0. 20% ; FHER B '] 1 Patescibacteria |1 2 H BFE % 2 4 4 460 1 B9 41 o, A X
“EJE 0.0006 %5 F10. 0020 %6 5 FUA S Az A AR V- I 155 6 1 B 21 v AN 7R ST B 1D, AR 282 0.

18 H 432 KF (18 3b) A [ 2 0 A 3100 75 I KR A R 3 B A 104>, 430 i ZLAF 18 B (Lactobacillales) (J
T % H (Enterobacterales) . % {4 ¥ fiff ;5 H (Xanthomonadales) . 1A 3¢ K B H (Burkholderiales) | #3 5% & H
(Rhizobiales) . Bk B H (Micrococcales) . # #F & H (Flavobacteriales) . # & H (Clostridiales) . ¥4 J8 22 i & H
(Sphingomonadales ) F1 2f #1 #1 & H (Bacillales) . 754 i R A A 5 3 20 L A 5 A% A6 I B0 4 L A= 988 SRR 40
R F2 AR - UG 6L I X9 2H R % AR B e 2E b o e R i R FLATF T H L AR A 9 & B A o 95,09 %6
94.98% .96.43% .98. 81 % F199.72% o A KA NG H 4L & Az I8 FA N s AL N e A 22 AR S ST I 055 76 o B 9 4L v AH X
FREERKWE B ABATE H , &5 4. 61% .2. 08 % F1 0. 87 %6 5 A A 4k A% £ I B 5 28 v A X =F B2 A8 K iy 1 B
JE O E, 21400 0 AR A A e AR K AR A2 AR T B I AR B A b e e e R H A X R
JEH 0,

TEJE 73 2K 7 b (1 3e) , 7 [A] & s b 30 5 6 6 K 48 11 P 3B A7 10, 43 30l Sl FLAF 1 & (Lactobacillus) (i
5 R &8 (Raoultella) 5 37 AL J& (Stenotrophomonas) (FLER W & (Lactococcus) i E B & (Enterococcus) A
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Fig.3 The abundance distribution of bacterial community at the level of phylum, order and genus
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Fig. 4 Scatter plot of microbial OTU distribution
a: FLF Fungi; b: 478 Bacteria.
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