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Community Composition and Diversity Analysis of Carbon-
Sequestering Microorganisms in Three Typical Orchard Soils on
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Abstract: Tropical plantation soils play a crucial role in terrestrial ecosystem organic carbon accumulation, with their carbon
sequestration processes closely linked to soil microorganisms. This study employs quantitative fluorescent PCR and high-
throughput sequencing to analyze the carbon-fixing microbial community characteristics in three types of plantation soils
(rubber plantations, tea gardens, and orchards) on Hainan Island. It aims to clarify differences in carbon-fixing microbial
gene abundance and community structure among plantations, as well as identify driving factors, providing a basis for the
sustainable management of regional plantation soil carbon-sink functions. The Results indicate that carbon sequestration
functional gene abundance across all three orchard types remains relatively high, specifically in the order of tea gardens >
orchards > rubber plantations. Gene abundance positively correlates with soil organic carbon content. Carbon sequestration
microbial community diversity follows the pattern: rubber plantations > tea gardens > orchards. The dominant bacterial
phyla for carbon sequestration across different orchards are Actinomycota and Pseudomonadota, with representative genera
including Methylibium, Mycobacterium, and Nocardia. However, the abundance ratios of dominant carbon-fixing groups
show significant differentiation, with each site developing core indicator microbial genera matching its specific habitat
conditions. Redundancy analysis reveals that differences in soil carbon-fixing microbial community structure across different
plantations are primarily influenced by four environmental factors: readily oxidizable organic carbon (ROC), total nitrogen
(TN), total phosphorus (TP), and pH. These factors collectively explain 64.35 % of the variation in carbon-fixing microbial
community structure, with pH exerting the most significant influence. Overall, all three types of plots possess considerable
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carbon sequestration potential. Compared to tea gardens and orchards, rubber plantations exhibit more stable carbon-

sequestering microbial communities and stronger long-term maintenance capacity for carbon sequestration.

Keywords: Rubber plantation; tea plantation; orchard; autotrophic microorganisms; high-throughput sequencing; chbL
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Table 1 Basic physical and chemical properties of soil

) 2%/ (g/kg) 2%/ (glkg) TR (gke)  BRAAPIER (gkg)  TIESKAER/%
Site TP N SOC ROC SwC ot
RF1 0.87+0.02 k 0.71+0.01 h 6.52+0.03 k 6.08+0.08 1 20.06+0.08 g 4.45+0.05h
RF2 0.71+0.02 1 0.40+0.01 j 5.55+0.05 j 5.23+0.12 10.61£0.07k  4.69£0.07 g
RF3 1.16+0.02 i 0.55+0.03 i 14.52+0.20 ¢ 12.224+0.42 ¢ 23.21+£0.07 £ 4.51+£0.05 h
RF4 1.79+0.03 b 0.81+£0.03 g 16.20+0.13 d 10.02+0.26 f 30.72+£0.18 b 4.30+0.06 i
TP1 1.34+0.04 £ 0.85£0.03 g 13.90+0.11 f 8.42+0.25 g 26.05+0.09 d 4.81+0.07 £
TP2 1.62+0.03 ¢ 1.40+0.01d 17.66+0.01 b 14.02+0.20 a 24.21+0.82 ¢ 4.71+0.05 g
TP3 1.57+0.04 d 1.39+0.03 d 16.43+0.12 ¢ 12.70+0.18 b 26.45+0.13 ¢ 5.40+0.09 d
TP4 1.25+0.03 h 1.06+0.02 £ 12.55+0.10 h 10.78+0.32 ¢ 19.71+0.15 h 5.73+0.14 b
0OC1 1.51+0.01 ¢ 3.09+0.04 a 16.51+0.17 ¢ 7.33£0.28 h 34.5240.13 a 5.17+0.10 ¢
ocC2 0.93+0.02 j 1.13+0.03 ¢ 11.524+0.04 i 8.43+0.53 g 19.10+0.18 i 5.524+0.07 ¢
0C3 1.30+0.01 g 1.71£0.04 ¢ 12.97+0.07 g 9.70+0.21 f 22.92+0.22 f 5.4240.15 cd
oc4 1.90+0.01 a 2.21+0.02 b 18.08+0.19 a 11.27+£0.19d 15.32+0.06j 6.29+0.10 a

TE : RIS F NG T REROR A R R Hb ) 22 57 0 25 (P<0.05)

Note: Different lowercase letters within the same column indicate significant differences among sampling sites (P<0.05).
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Fig. 1 Soil chbL gene abundance across different orchard types
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Fig. 2 Dilution curves of soil carbon-sequestering microorganisms in different orchard types
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Table 2 Soil microbial diversity indices for carbon sequestration in different orchard types
FES, Chaol f8%% Observed species F5%X Shannon 5 %% Simpson 541
Site Chaol index Observed species index Shannon index Simpson index
RF1 6 154.62+749.16 bc 3423.00+370.24 be 8.93+0.14 ab 0.99+0.00 a
RF2 6 855.19+330.98 a 3984.67+282.85 a 9.20+0.13 a 0.99+0.00 a
RF3 4615.04+232.79 d 2481.00+195.13 e 7.72+0.04 ¢ 0.98+0.02 ab
RF4 6902.03£517.24 a 3 787.17+£324.02 ab 8.31+0.11 cd 0.97+0.05 ab
TP1 5048.29+£794.27d 2 982.67+440.88 cd 8.56+0.22 bed 0.99+0.02 a
TP2 4726.884434.41 d 2 769.33+254.96 de 7.06+0.74 f 0.94+0.05 ¢
TP3 5951.52+556.36 be 3622.17£316.10 ab 9.00£0.13 ab 0.99+0.04 ab
TP4 6 030.33+£230.45 be 3731.17£138.70 ab 8.69+0.12 be 0.97+0.01 ab
OCl1 3358.44+334.47 ¢ 2 032.50+200.81 ¢ 7.26+0.29 f 0.98+0.03 b
ocC2 5665.434+265.48 ¢ 3099.67+208.56 cd 8.12+0.19 de 0.98+0.04 ab
0C3 6 433.41+£395.32 ab 3 860.50+236.44 ab 9.22+0.18 a 0.99+0.02 a
oc4 4754.03+319.97 d 2 636.83+109.47 de 5.60+035 ¢ 0.75+0.04 d

T : FZUA RN BRI R ] 22 53 (B 35 (P<0.05) .

Note: Different lowercase letters within the same column indicate significant differences among sampling sites (P<0.05).
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Fig. 3 Soil carbon-fixing microbial community composition in different garden orchard types
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Fig. 6 Comparative LEfSe analysis of soil carbon-fixing microbes in different orchard types
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