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Bacterial and fungal microbiota involved in the anaerobic storage of forages
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Microbiota analysis using DNA information has become more sophisticated and easily accessible in the past 20 years.
However, many studies have follow-upped the knowledge that the rapid growth of lactic acid bacteria after sealing
determines the success or failure of silage fermentation. The fact that most microbiota analyses have focused on bacteria
may be the reason. In this dissertation, three experiments were carried out to obtain integrated information on the
bacterial and fungal microbiota involved in the ensiling.

Firstly, direct-cut (DC) and wilted (WT) guinea grass silages were prepared to examine the mechanisms and control
procedures of acetic acid fermentation. The silos were stored at moderate (25°C) and high (40°C) temperatures. Lactic
acid was the primary fermentation product during the initial ensiling. After two months, the lactic acid content was
reduced to a negligible level, and large amounts of acetic acid, butyric acid, and ethanol were produced in DC silage
stored at 25°C. The lactic acid reduction and acetic acid increase were suppressed in DC silage stored at 40°C. The
PCoA and network analyses showed that Lactobacillus, unclassified Enterobacteriaceae, Wallemia, Saitozyma,
Sporobolomyces, and Papiliotrema could be involved in acetic acid fermentation. Lactobacillus and Wallemia were
identified as promoting factors and unclassified Enterobacteriaceae, Saitozyma, Sporobolomyces, and Papiliotrema as
suppressing factors.

Secondly, guinea grass silage that exhibited lactic acid-rich fermentation was examined. Molasses were used to
facilitate lactic acid production and silos were stored at 25°C and 40°C. The acetic acid content did not exceed the lactic
acid even after 2 months in all silages. Regardless of the storage temperature and molasses addition, the unclassified
Enterobacteriaceae, Lactobacillus, Lactococcus, Enterococcus, and Pediococcus were prevalent bacteria. Wallemia,
Saitozyma, and Ganoderma were prevalent fungi in DC and WT silages. Network analysis indicated that the lactic acid
content was positively related to the Pediococcus, Weissella, and Wallemia abundances, and negatively related to the
unclassified Enterobacteriaceae, Acinetobacter, Ochrobactrum, Enterococcus, Cladosporium, Acremonium, Saitozyma,
and Moesziomyces abundances. The lactic acid-rich fermentation of guinea grass silage could be obtained by the
sustained activity of Pediococcus, Lactococcus, and Enterococcus rather than the suppression of Lactobacillus.

Lastly, a practical survey of large-scale silage management was performed. Five dairy farms (A, B, C, D, and E)
producing whole crop corn silage using a bunker silo were visited. Silage samples were taken from 6 locations in the
upper and lower layers and near the side-wall and the center. The fermentation patterns were divided into two types:
lactic acid and ethanol (B and D) and acetic acid and 1-propanol (A, C, and E) as the prevalent products. Lactobacillus
was the predominant bacterial genus in all farms, while some silage samples showed high abundances of Acetobacter
and Aeriscardovia. The fungal microbiota was dominated by Candida regardless of the farms and sampling locations.
Network analysis indicated that the Lactobacillus abundance was not related to any fermentation product contents,
whereas positively related to the Monascus abundance. Aeriscardovia, which belongs to Bifidobacteriaceae and may
produce more acetic acid than lactic acid, can be considered a new inoculant. Unlike the findings in the guinea grass
silage, the integrated bacterial and fungal microbiota data did not greatly improve the understanding of whole crop corn
silage fermentation.

This study has provided new insights into how bacterial and fungal microbiota interact in the ensiling process and
the acetic acid fermentation found in tropical grass silage may be Lactobacillus-driven.
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