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Effects of different application methods of Bacillus subtilis
agent on soil microbial diversity and growth of muskmelon
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2 Institute of Biology, Hebei Academy of Sciences, Shijiazhuang 050081, Hebei, China

Abstract: Continuous planting of muskmelon and excessive application of chemical fertilizers have caused a series of
problems, such as imbalance of the soil micro-ecological environment, serious soil-borne diseases and yield loss. Application
of Bacillus subtilis agent is an important way to improve soil micro-ecological environment, prevent soil-borne diseases, and
promote plant growth. In this study, B. subtilis was used as experimental agent to analyze the effects of different application
methods on the soil microbial diversity and growth of muskmelon in greenhouse. The number of culturable microorganisms in
soil was measured by dilution-plate method. The diversity of soil uncultivated microorganisms was determined by Illumina
Miseq sequencing technology. The yield of muskmelon was measured by weighing method. The number of culturable bacteria
in the root irrigation, hole application and dipping root application groups was higher than that of the control in different
muskmelon growth stages, but there was no significant difference among the three different application methods. The number
of soil fungi from B. subtilis agent treatment groups in flowering stage was significantly lower in comparison to the control
group. However, B. subtilis agent treatment did not cause significant difference on soil fungi number at the fruiting and pulling
stage. Diversity analysis of uncultured microorganisms showed that the Shannon index values of bacteria were higher and
Simpson index values were lower respectively in the three B. subtilis treatment groups than that in the control. Moreover, the
dipping root treatment produced the lowest Shannon index value and the highest Simpson index value of fungi. NMDS and
cluster analysis showed that B. subtilis agents dipping root treatment significantly affected the bacterial and fungal flora, both
of which were clustered into one independent branch. The application of B. subtilis agents, especially dipping root treatment,
significantly decreased the abundance of Bacteroidetes, increased the abundance of Actinobacteria and Acidobacteria. The
B. subtilis agent treatment didn’t produce significant effect on the diversity of fungal flora except Chytridiomycota. The
height, stem diameter and leaf area of muskmelon increased by applying B. subtilis agents, and dipping root treatment
produced the most significant effect. As a new type of environmental protection fertilizer, B. subtilis agent can increase the
number of soil culturable microorganisms, improve soil microbial diversity, and promote growth and yield. This study would
provide a scientific basis for the rational application of B. subtilis.

Keywords: Bacillus subtilis, muskmelon, culturable microorganism, microbial diversity, yield
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Table 1 Effects of different treatments on soil culturable microbial in different growth of muskmelon

Flowering stage Fruiting stage Pulling stage
Treatment Bacteria Fungi Bacteria Fungi Bacteria Fungi
(10° CFU/qg) (10* CFU/g) (10° CFU/q) (10* CFU/qg) (10° CFU/qg) (10* CFU/g)
Control 76.4+5.4b 97.2+4.5a 118.2+18.3b 43.8+4.3a 67.0+6.8b 26.2+4.7a
Root irrigation 105.948.2a 79.5+6.4b 145.0+41.6a 32.7+6.3b 131.2+11.2a 24.5+8.2a
Hole application 109.8+10.1a 30.5+8.2¢ 184.9+30.1a 33.3+4.5b 129.5+19.4a 25.5+6.4a
Dipping roots 93.8+6.3a 48.2+4.8¢ 143.7+35.8a 40.3+3.8a 138.2+6.2a 33.745.8a

Different lowercase letters after the same column of values indicate significant differences (P<0.05).
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Fig. 4 Combined analysis chart of cluster tree and histogram of bacteria at genus level.
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Table 2 Effects of different treatments on the abundance of bacteria in the rhizosphere soil of muskmelon

Taxonomy Abundance (%)
Phyla Genera Control Root irrigation ~ Hole application  Dipping roots
Proteobacteria 49.80+0.67a 48.71+2.93a 49.84+2.10a 46.78+2.87a
Sphingomonas 7.20+0.41a 7.19+0.41a 6.81+0.11a 6.75+0.71a
Luteimonas 2.52+0.27a 2.22+0.25a 2.29+0.05a 2.431£0.29%
Lysobacter 2.02+0.08a 2.60£0.49a 2.08+0.55a 2.23+£0.09a
Devosia 1.76+0.13a 1.25+0.27b 1.34+0.16b 1.30+0.09b
Lacibacterium 1.21+0.04b 1.33+0.03b 1.67+0.07a 1.16+0.17b
Povalibacter 1.08+0.08b 1.60+0.37a 1.68+0.06a 1.77+0.14a
Steroidobacter 1.40+0.11a 1.33+0.22a 1.15+0.21a 1.03+0.14a
Altererythrobacter 1.074£0.04ab 0.71+0.18c 0.88+0.07bc 1.21+0.09a
Mesorhizobium 1.07+0.10a 0.79+0.18a 0.93+0.18a 0.89+0.08a
Phaselicystis 0.65+0.02a 0.76+0.03a 0.61+0.16a 0.48+0.07a
Pelagibius 0.67+0.11a 0.53+0.18a 0.58+0.06a 0.66+0.03a
Phenylobacterium 0.57+0.02a 0.55+0.08a 0.57+0.05a 0.51+0.04a
Cellvibrio 0.62+0.12a 0.51+0.20a 0.54+0.42a 0.55+0.35a
Bacteroidetes 11.61+0.17a 9.83+0.13b 9.72+0.49b 9.34+0.71b
Ohtaekwangia 1.87+0.10b 2.18+0.25a 1.76+0.12b 1.71+0.06b
Chryseolinea 1.06+0.09a 1.00+0.11a 1.14+0.12a 0.67+0.08b
Salinimicrobium 1.32+0.12a 0.64+0.04b 0.41+0.03b 0.45+0.27b
Adhaeribacter 0.66+0.11a 0.64+0.18a 0.47+0.03a 0.60+0.05a
Terrimonas 0.45+0.01b 0.50+0.02b 0.72+0.09a 0.43+0.07b
Actinobacteria 7.76+0.39¢c 10.54+0.65a 9.31+0.65b 9.49+0.75ab
Nocardioides 0.47+0.05b 0.91+0.17a 0.68+0.05ab 0.87+0.15a
Acidobacteria 6.69+0.34b 8.12+0.44a 7.87£0.13a 8.71+0.36a
Gp6 3.26+0.10c 3.92+0.17a 3.59+0.05b 3.07+0.07c
Gpl6 0.90+0.07b 1.23+0.11a 1.18+0.09a 1.10+0.12a
Aridibacter 0.91+0.05a 0.72+0.12b 0.91+0.01a 0.65+0.09b
Gp10 0.56+0.04b 0.78+0.12a 0.83+0.06a 0.75+0.04a
Planctomycetes 5.38+0.64a 4.47+1.11a 4.53+0.68a 6.64+4.34a
Pirellula 0.88+0.12a 0.71+0.18a 0.80+0.11a 1.02+0.77a
Firmicutes 2.05+0.22a 2.45+0.35a 2.68+0.16a 2.42+0.22a
Bacillus 0.56+0.04b 0.69+0.16a 0.74+0.05a 0.64+0.03a
Gemmatimonadetes 2.19+0.12a 2.60+0.30a 2.49+0.20a 2.11+0.15a
Gemmatimonas 2.19+0.12a 2.60+0.30a 2.49+0.20a 2.11+0.15a
Verrucomicrobia 2.38+0.23a 1.65+0.38a 1.93+0.22a 1.92+0.40a
Subdivision3_genera_incertae_sedis 0.7520.09a 0.51+0.06a 0.67+0.08a 0.61+0.13a
Other 11.8340.21a 11.62+1.92a 11.60+0.83a 12.60+0.42a
Saccharibacteria_genera_incertae_sedis 1.16+0.11a 1.38+0.02a 1.41+0.10a 1.37+0.24a
WPS-1_genera_incertae_sedis 0.63+0.06a 0.74+0.27a 0.51+0.14a 0.87+0.40a
Parcubacteria_genera_incertae_sedis ~ 0.51+0.09a 0.51+0.18a 0.70+0.17a 0.72+0.15a

Different lowercase letters of the same line values indicate significant differences (P<0.05).
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Table 3 Effects of different treatments on the abundance of fungi in the rhizosphere soil of muskmelon

Taxonomy Abundance (%)
Phyla Genera Control Root irrigation  Hole application Dipping roots
Ascomycota 42.15+2.96a 41.26+0.08a 42.31+3.80a 43.75£5.94a
Unclassified_Chaetomiaceae 7.37+3.38a 6.84+0.86a 9.14+0.96a 8.82+2.41a
Unclassified_Sordariales 4.64+1.00a 5.86+2.16a 2.81+1.67a 3.18+0.34a
Unclassified_Ascomycota 3.79+1.39% 3.00+0.31a 6.48+4.54a 2.27+0.22a
Phaeoacremonium 5.05+7.96a 3.69+1.20a 4.84+2.73a 4.39+0.53a
Beauveria 3.03+0.71b 2.84+0.29b 2.77+0.44b 6.26+2.55a
Microascus 3.29+1.12a 2.52+0.69a 2.74x1.01a 3.36+0.47a
Podospora 2.59+1.79a 3.19+0.21a 1.75+0.30a 2.07+0.26a
Hydropisphaera 1.35+0.30b 1.26+0.47b 3.24+0.80a 3.53+0.99a
Madurella 2.33+1.97a 2.66+1.98a 0.62+0.46a 0.82+0.21a
Aspergillus 0.88+0.21a 0.89+0.25a 1.15+0.49a 1.53+0.04a
Acremonium 0.62+0.23a 0.64+0.09a 0.78+0.23a 0.58+0.04a
Unclassified_Xylariaceae 0.38+0.64a 1.17+1.99a 0.31+0.51a 0.35+0.60a
Unclassified_Eurotiales 0.43+0.23a 0.98+1.12a 0.31+0.15a 0.26+0.18a
Sarocladium 0.16+0.05a 0.27+0.11a 1.23+1.42a 0.42+0.08a
Unclassified_Coniochaetaceae 0.16+0.05b 0.96+0.48a 0.98+0.03a 0.69+0.15a
Unclassified_Lasiosphaeriaceae 1.07+0.30a 0.11+0.03c 0.24+0.05b 0.40+0.24b
Fusarium 0.37+0.07a 0.34+0.08a 0.41+0.21a 0.29+0.02a
Chrysosporium 0.40+0.13a 0.26+0.06a 0.36+0.06a 0.27+0.06a
Remersonia 0.39+0.09a 0.28+0.07a 0.34+0.08a 0.24+0.12a
Unclassified_Onygenales 0.28+0.12a 0.32+0.11a 0.37+0.06a 0.22+0.08a
Chytridiomycota 7.88+2.03b 9.25+1.06a 10.08+3.45a 12.97+3.52a
Rhizophlyctis 7.37£5.19b 5.10+1.01b 6.78+1.47b 12.16+3.90a
Olpidium 3.49+0.83a 4.60+2.50a 7.78+3.49a 2.62+1.96a
Unclassified_Spizellomycetaceae  0.32+0.50a 0.12+0.14a 0.16+0.18a 0.73+0.58a
Olpidiomycota 3.49+0.83a 4.60+2.50a 7.78+3.49 2.62+1.96a
Mortierellomycota 2.03+0.40a 3.72+1.27a 3.51+0.85a 1.77+1.00a
Mortierella 1.72+0.12a 2.98+0.99a 3.01+0.85a 1.48+0.75a
Unclassified_Mortierellales 0.26+0.25a 0.67+0.32a 0.40%0.07a 0.26+0.28a
Basidiomycota 2.65+1.59 4.98+2.95a 1.81+0.74a 1.33+1.25a
Coprinellus 1.47+1.26a 2.42+2.09a 0.36+0.61a 0.68+1.11a
Conocybe 0.73+0.54a 1.75+1.21a 1.06+0.25a 0.17+0.08a
Blastocladiomycota 0.19+0.10b 0.36+0.21b 1.45+0.32a 0.17+0.09b
Unclassified_Blastocladiomycota  0.16+0.10b 0.33+0.18b 1.25+0.22a 0.13+0.03b
Cercozoa 0.28+0.09b 0.57+0.15a 0.55+0.02a 0.21+0.14b
Other 41.34+6.75a 39.24+6.47a 37.51+4.59a 37.17+1.87a

Different lowercase letters of the same line values indicate significant differences (P<0.05).
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Table 4 Effects of different treatments on the growth of muskmelon

Treatment Plant height (m) Stem diameter (mm) Leaf area index Totol chlorophyll (mg/g) Single fruit weight (g)
Control 1.13+0.18a 5.58+0.12a 0.59+0.04b 3.56+0.12a 1581.70+120.42b
Root irrigation 1.1740.27a 5.61+0.17a 0.640.12ab 3.57+0.08a 1522.25+132.44b
Hole application 1.21+0.34a 5.80+0.14a 0.64+0.09ab 3.50+0.14a 1447.15+124.12b
Dipping roots 1.23£0.24a 5.78+0.26a 0.68+0.04a 3.72+0.14a 1697.30+98.48a

Different lowercase letters of the same column values indicate significant differences (P<0.05).
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