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Abstract: The experiment was designed to investigate the effects of the composite bacterial agent composed of
Lactobacillus plantarum, Bacillus subtilis and Aspergillus niger and its compounding with molasses or cellulase
on the silage quality and microbial diversity of corn straw. A single-factor randomized design was adopted with
four treatments: control group (CK), composite fungicide group (BC), composite fungus with molasses group
(FT), and composite fungus with cellulase group (FX). Each group was replicated three times, and after 30-
day fermentation at room temperature, the samples were opened and sampled to determine their nutrient compo-
sition, fermentation quality and microbial diversity. The results showed that compared with the CK group, the
crude protein (CP) and crude ash (Ash) contents in BC, FT and FX groups increased significantly, while the
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neutral detergent fiber (NDF) and acid detergent fiber CADF) contents decreased significantly. The FX group
had the highest contents of ammonia nitrogen (NH3-N, 9. 13%DM) and acetic acid (AA, 1.95%DM). The
Entropy Weight-TOPSIS evaluation indicated that the FX group had the best quality with a relative closeness
degree (C,) of 0.510. Microbial diversity analysis showed that BC, FT and FX groups significantly reduced
community richness and diversity. At the phylum level, the dominant phylum in all groups was Bacillota, with
the highest relative abundance in the FX group, followed by Pseudomonadota with the highest abundance in the
CK group. At the genus level, the dominant genera in the CK group were mainly Lentilactobacillus, Sporolac-
tobacillus, Clostridium, and Lactiplantibacillus, while the BC, FT and FX groups were dominated by Lenti-
lactobacillus. In conclusion, the composite bacterial agent significantly improved the silage quality of corn
stover and altered its microbial community structure, with the FX group (bacteria enzyme synergism) showing
the best silage effect.
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2.1 HEBHREAXNERBEFSIEFRESHEI
h#E 100 % ,BC,FT M FX 40y CP F1 Ash
G EE T CK 4 (P<0.05) ;BC,FT f1 FX

Table 1 Effects of bacterial-enzyme synergism on the nutrient composition of corn straw silage
rp o e A 2T 4 PR 1 ok V% 21 4
) T AR KUK 53 AR W .
Qb # . L . . - (Neutral detergent (Acid detergent
- (Dry matter, DM)/ (Crude protein, CP)/ (Crude ash,Ash)/  (Ether extract, EE)/ . R . i
I'reatment YEW %DM %DM %DM fiber, NDF)/ fiber, ADF)/
! ! ! ! %DM %DM
CK 28.75+0.87" 9.2440.07° 5.9840.17" 3.47+0.02" 50.90£1.16% 35.924+0.31°
BC 26.4540.39° 9.9940.26* 6.624+0.15° 3.634+0.17¢ 45.3841.2" 29.17+0.27¢
FT 28.13+0.83" 10.04+0.07" 6.54+0.03" 3.66+0.03" 44.0640.63¢ 30.9141.08"
FX 27.2240.50° 10.424+0.15" 6.75+0.16" 3.73+0.12% 48.134+1.58® 32.65+0.95"

T R B EUHE A ] B R 25 5 B 3 (P<<0. 05); FW KR fif i, DM &R T, Rl
Note: Different letters in the same column indicate significant differences (P<Z0.05) ; FW stands for fresh weight, DM stands for dry

weight. The same as below
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Table 2 Effects of bacterial-enzyme synergism on the fermentation quality of corn straw silage

b 7 pH{H HEA FLR LR
Treatment pH value (Ammonia nitrogen, NH,-N)/ %DM (Lactic acid,LA) / %DM (Acetic acid, AA)/ % DM

CK 3.7340.02° 4.6240.47° 4.5240.50" 0.844-0.25"

BC 3.81£0.15" 6.7040.41" 3.6140.16" 1.60+£0.31"

ET 3.8140.02° 7.1840.59" 3.7240.31° 1.41£0.17"

FX 3.80+0.06" 9.13+0.83" 4.2340.13° 1.9540.41°
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AL -TOPSIS ¥ #1745 5 M B o 1 & 3 7]
L, R AR R B A TR AR A, A5 2R R 45 48 A
FCHE 4346 T 7. 2404 % ~18. 9166 % , o pH {H #L

A e (18.9166 %) , IR WFL M M LR . W it
AR B RS SR AT HE Y W3R 4, FX
HE Coe i (C=0.510), & B H 25 & 8l w1 .
BC K2 (C=0.484) . i FT 4 [X £F 4k F% fift 5%
RE/NHpHER S, 44605 5 &K (C=
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Table 3 Entropy weight method weight calculation results

F8 45 Index Jii {8 Entropy value

2% 5 Z KL Variance factor M Weighting/ %

MUK Sy Ash 0.8018
M 1 CP 0.7942
MG EE 0.7948
FLAR LA 0.6586

LR AN 0.6808
AR NH;-N 0.7709
T4 i DM 0.7314

pH 0.4820
PR VR AT 4E NDF 0.7667
PR M Pk R £F 4 ADF 0.7808

0.1982 7.2404
0.2058 7.5169
0.2052 7.4938
0.3414 12.4691
0.3192 11.6596
0.2291 8.3687
0.2686 9.8115
0.5180 18.9166
0.2333 8.5190
0.2192 8.0043
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Table 4 Comprehensive evaluation of corn straw silage quality affected by bacterial-enzyme synergy
b3 E PR A BE Gy B A PR B AT HE3T i35z
Treatment Positive ideal solution distance (D) Negative ideal solution distance (D) Relative proximity (C,) Sort
CK 0.246 0.227 0.480 3
BC 0.224 0.210 0.484 2
FT 0.254 0.152 0.374 4
FX 0.194 0.202 0.510 1
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Fig. 1 Effects of bacterial-enzyme synergism on the Alpha diversity of corn straw silage

T ok, ek ek B 22 P<0. 05, P<<0. 01, P<<0.001, F[d

Note: *,** and *** represent P<0. 05, P<C0.01,and P<<0. 001, respectively. The same as below
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Fig.2 PCoA analysis of the microbial community of corn

straw silage
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Fig.3 Venn diagram analysis of microbial species composi-

tion of corn straw silage treated by bacterial-enzyme synergy
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AW REVR T KO 09 4 0% an B 4A 1 4C B,

ZE A B 1] (Bacillota) £ {B B g 1 1) (Pseudomo-
nadota) J& K FF & ad B p e ], Hop
BC, FT, FX 4 /9 2 4 #F & 1] A0 X5 F B 23 0
97.04%,98.36%,98.97% , Ml & F CK 4 %l £ &
7.36%,8.68%,9.29% ;1 BC,FT,FX £H i i & Jfd
BT B AR 32 B )k 2. 78 % ,1.55%,0. 92% , 4
Fe CKZH 23 SRR 1 7.33%,8.56%,9. 19% .

Tl A 0 B 5 T KT 0 48 R 4D P 4B R AD BT
A A WAL R A F . CK AL E F 2 U
i B F A B (Lentilactobacillus) . % #0 F AT # )@
(Sporolactobacillus) % W J& (Clostridium) F1 H ¥
AP & (Lactiplantibacillus) & %, BC,FT,FX
HUARAFFE N £ Hh, 5 CK4AMI,BC,
FT, FX 4 fi [T 3L FF 0 /9 A X 3 B 40 ol e 1
80.89%,83.00% , 86.58% ; ifii 2F 7t FL #T B J& B #
XF 2 BE Ay B T 23.18%,24.14%,24.70% . R
J& 76 CK, BC, FT f1 FX 40 "h 9 & LR ¥k
18.00% ,0.64% ,0.71%,0.02% ; # ¥ SLAT 1 )& 78
CK,BC,FT Ml FX 41 o (9 5 HeAK R 15.90%,
0.92%,0.54%,0.03%.
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KRR DR AR W S R R CE 3R R
Oy & B ICAT BT A Il SA B R . RDAL I RDA2
BN AR RE T 93.24% ,4.31% W 2, W S R
T 97.55% Wy U5 25 o A IR FLAF B (Lentilactobacil-
lus) FIXFF 5 EE,AA,CP, Ash,NH,-N & & A I
pH {4 5L IEAH G, 5 ADF ,NDF ,DM il LA & %
A FRILF R R E IR
KAEWHATE B A EBEHAN FEES
ADF,NDF,DM #l LA & & 48 2 1IE 41 %, 5 EE,
AA,CP,Ash,NH,-N & DL & pH i 45 5 f A 56 .

FE T )8 KT 35 £ AH X B2 HE 44 1T 10 B9 AR R M
PR 5 R T SR LA B iR AT Spearman AH 56
PEF BT RN 5B TR o AEA FLAT IS Al P FLAT
HEMARERESCPHREMBEAML, 5
NH,-NE#EWR B E R, 5Ash, EEZ 22
HRAG, B IRA-EW RS NH-N & &5
EHME, BLAh BTG B 5 NH,-N AT AA % &
A
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Fig.4 (A) and (C) show the microbial community composition at the phylum level in corn straw silage treated by the synergistic

& 4

action of bacteria and enzyme, while (B) and (D) present the microbial community composition at the genus level in corn straw

silage treated cy the synergistic action of bacteria and enzyme
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