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Abstract

Silage is a storage-resistant, nutrient-rich feed with a special aromatic odor, and the preparation process
includes cutting and crushing fresh forage and crop residues into sealed containers, followed by microbial
fermentation. Different types of livestock have different nutritional needs that may not be met by traditional
feeds, so research is needed to develop more diverse and nutritious types of feeds. The process of silage
production involves the fermentation of microorganisms, and the type and number of microorganisms affect
the quality and nutritional value of the feed, so in-depth study of the mechanism of microbial action and
regulation methods are needed.

In this study, we screened and identified acid-producing bacteria from naturally fermented corn silage,
elucidated their growth characteristics and acid-producing characteristics, and compounded them with EDTA
and sea buckthorn pomace to form additives to make corn stover silage, determined the fermentation quality
and nutrient composition of silage during different silage periods, and compared the changes in the diversity
of microbial communities before and after silage, and screened out the high-quality additives suitable for
corn stover silage through comprehensive evaluation. Through comprehensive evaluation, high quality
additives suitable for corn stover silage were selected, which provided high quality additive resources and
scientific basis for the development of crop stover silage. The specific experimental results are as follows:

(1) Two single colonies of Lactobacillus plantarum H; and Weissella paramesenteroides H, were
isolated from the natural fermentation silage of corn silage and identified as Lactobacillus plantarum H; and
Weissella paramesenteroides H» according to the morphology and 16S rDNA sequence sequencing, and the
two strains of acid-producing bacteria had a faster growth rate and acid production rate. Both strains of acid-
producing bacteria have faster growth rate and acid production rate, and can grow, reproduce and metabolize
at lower pH.

(2) The dynamic changes of different additive combinations on the fermentation quality and nutrient
composition of corn stover silage were analyzed. The pH values of both treatment and control groups showed
a decreasing trend. The ammoniacal nitrogen content of all treatment groups was lower than 10% TN, and
the ammoniacal nitrogen concentration of the H; and H>E groups was the lowest (P < 0.05) at 60 d of silage,
and the increase was the smallest compared with that at 1 d of silage. Lactic and acetic acid contents increased
in all groups, with the highest lactic acid content in the H; group at 60 d of silage (P < 0.05), reaching 9.54
+ 1.04 (% DM); the highest acetic acid content in the SJ group at 60 d of silage (P < 0.05), reaching 4.14 +
0.25 (% DM); propionic acid was detected only after 14 d of silage, and its content was relatively low, and

butyric acid was not detected throughout the whole process of silage. Compared with fresh corn stover, the



dry matter of the treatment groups SJ, SE, HiS, H>S, H;SE and H,SE with added seabuckthorn pomace was
significantly increased after 60 d of silage (P < 0.05), and the dry matter content of the H;S group reached
the highest value of 28.48% FM; the acid detergent fiber content of the H», SE, HiS, H,E and H,S groups
was significantly decreased after 60 d of storage, and the acid detergent fiber content was obviously declined.
The acid detergent fiber content of H,, SE, H;S, H{E and H>S groups decreased significantly after 60 d of
silage, and the acid detergent fiber content of all treatment groups was significantly lower than that of CK
group (P <0.05); the neutral detergent fiber content of H:S, H>S, H1SE, H>SE groups was significantly lower
than that of CK group, and the neutral detergent fiber content of all treatment groups was significantly lower
than that of CK group after 60 d of silage (P < 0.05). Compared with fresh corn stover, the crude protein
content of all treatment groups was significantly higher than that of the CK group after 60 d of silage, with
the highest CP content of 14.91 + 0.54 (% DM) in the SE group (P < 0.05); the soluble carbohydrate content
of all treatment groups decreased significantly after 60 d of silage, and the soluble carbohydrate content of
all treatment groups was significantly lower than that of the CK group (£ < 0.05).

(3) According to the results of third-generation high-throughput sequencing, different additive
treatments altered the microbial diversity in corn stover silage. The number of bacterial OTUs common to all
treatment groups decreased after silage, and the dominant groups of bacterial communities during corn stover
silage fermentation were Firmicutes and Proteobacteria at the phylum level, and the dominant group of
Weissella at the genus level, while Weissella paramesenteroides was the dominant group of corn stover silage
fermentation, and Weissella paramesenteroides was the dominant group of corn stover silage fermentation,
while Weissella paramesenteroides was the dominant group of corn stover silage fermentation. Weissella
paramesenteroides) was the dominant species at the species level of the bacterial community during corn
stover silage fermentation. Compared with 1 d of silage, the relative abundance of Klebsiella decreased in
the Ho, SJ, and H>SE groups at 60 d of silage, and increased in the SE and H;SE groups; the relative
abundance of Klebsiella_pneumoniae decreased in the Ho, SJ, EDTA, H,S, HiSE, and H>SE groups; and the
relative abundance of Klebsiella_pneumoniae decreased in the Ha, SJ, EDTA, H,S, HiSE, and H,SE groups.
pneumoniae relative abundance decreased, and the relative abundance of Lactobacillus plantarum increased
in the CK, SE, and HSE groups. Alpha diversity index analysis showed that the Ace index, Chaol index,
and Simpson index decreased in the Hi, Ho, SJ, H;S, and H»,S groups after silage, and the Shannon index
EDTA, EDTA, H,S, HiSE, and H,SE groups decreased. Shannon index EDTA, SE and H;SE groups
decreased and the rest of the groups increased. Principal coordinate analysis showed that the community
composition of H>SE, H»S, HiE, and SJ groups changed considerably after silage compared to CK group.
Correlation analysis showed that lactic acid content was positively correlated with Weissella spp, the
dominant genus in corn stover silage. The dry matter and crude protein contents were negatively correlated

with some unfavorable species of corn stover fermentation, such as Klebsiella variicola and

v



Enterobacter_cloacae, and the pH value was negatively correlated with Lactobacillus spp.

Through the monitoring of the dynamic changes in the fermentation parameters and chemical
composition of corn stover silage by fermentation experiments, combined with the analysis of the diversity
of bacterial communities in silage, it can be concluded that: the complex additives have a better fermentation
quality for lowering the pH value, the content of acidic detergent fibers and neutral detergent fibers,
increasing the content of crude proteins and lactic acid content, and decreasing the loss of dry matter; they
also increase the abundance of beneficial microorganisms and decrease the abundance of It can also increase
the abundance of beneficial microorganisms and decrease the abundance of harmful microorganisms, and the
silage effect is better, and the comprehensive evaluation concluded that adding Lactobacillus plantarum H;
+ sea buckthorn pomace + EDTA composite additive HiSE group has the best effect for corn stover silage.
This study has a positive significance in promoting the sustainable development of animal husbandry and

also plays an important role in protecting the environment and saving resources.

Key words: acid-producing bacteria; additives; silage; fermentation quality; microbial diversity
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