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Abstract: [ Objective] To clarify the soil bacterial composition, diversity, spatio-temporal distribution, response to
soil physical and chemical properties and functional structures in tropical rainforests of Hainan Island, so as to provide a
theoretical basis for the management and protection of the tropical rainforests in Hainan. [Method ] Soil samples were col-
lected from Diaoluoshan, Wuzhishan, Yinggeling, Bawangling and Jianfengling tropical rainforest reserves in Hainan.
Thirteen samples were collected from each reserve in both the dry and wet seasons, producing a total of 130 samples. The
composition and diversity of bacteria in soil microorganisms were analyzed with a high-throughput sequencing technique
and the function of soil bacteria was predicted and analyzed by PICRUSt2 software. [Result] Operational taxonomic unit
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(OTU) classification statistics show that the number of bacterial OTU in the dry season is 10958 and that in rainy season
this increases to 11533. There was no significant difference between the two seasons (P>0.05). At the level of bacteria
phylum, the dominant flora of soil bacteria in tropical rain forest in dry season and rainy season were Proteobacteria, Ac-
idobacteria, Actinobacteria, Planctomycetes and Verrucomicrobia. The abundance of Bacteroidetes, Actinobacteria and
Cyanobacteria in two seasons showed significant differences(P<0.01, the same below ). At the level of bacterial class, the
dominant classes in the dry and rainy seasons were Actinomycetia, Acidobacteriia, Alphaproteobacteria, Planctomycetia
and Spartobacteria. There were significant differences among the classes Planctomyceteria, Sphingobacteriia, Ktedono-
bacteria and Actinomycetia. Redundancy analysis (RDA ) showed that pH and total potassium (TK) affected the soil bac-
terial composition substantially, with explanation rates of 5.03% and 4.28% respectively. ANOSIM and Adonis analysis
showed that there was no significant difference in bacterial diversity in the different seasons, but significant difference in
bacterial diversity in different places. KEGG pathway showed that the bacterial functional abundance in the Diaoluoshan
samples was less than that from the other four reserves. [ Conclusion] The diversity of soil bacteria in Hainan tropical rain-
forests is significantly different in different geographical locations (sampling sites) , whereas the seasonal change does not
affect the composition of soil bacteria significantly. Soil pH and total potassium (TK) content have important effects on
the soil bacterial diversity in the dry and rainy seasons.
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Table 1 OTU species statistics of soil bacteria in tropical rainforest in Hainan

7577 Season 3k Domain # Kingdom [T Phylum 4 Class H Order  #} Family  J& Genus i Species OTU
2% Dry 1 1 37 226 428 791 1743 10958
FRZ% Rainy 1 1 39 237 447 833 1838 11533
ST Total 1 1 41 247 465 876 1950 13294
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Fig. 1 Comparison of soil bacterial species abundance of tropical rainforest in Hainan in dry and rainy seasons
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A: Welch’s r-test bar chart of bacteria in phylum level; B: Welch’s #-test bar chart of bacteria in class level. * represented significant
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Fig4 ANOSIM analysis of different groups of soil bacterial samples from different locations in dry and rainy seasons
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A': ANOSIM map of soil bacteria in dry and rainy seasons; B: ANOSIM map of soil bacteria from different locations in dry season; C: ANOSIM
map of soil bacteria from different locations in rainy season
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HGHAGS A 225 HED 2 A R Lan’5 (2018) 7
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Table 2 Soil physical and chemical properties of tropical rainforest sample plots in Hainan
A F AkE AHUR pH EA B il BASE WMAR Uk HCE
Site Sea- (%) (%) (ghkg)  (g/kg) (g/kg) (mg/kg) (mgkg)  (mgkg) (mg/kg)
son wC SOM TN TP TK AN NN AP AK
mE P2 39.62+8.66 3.25+0.62 4.97+0.31 1.60+0.31 0.28+0.05 18.23+2.56 13.03+4.43 8.68+3.96 2.21+0.51 47.08+13.93
Diaoluo Mountain [fjZs 32.97+11.12 4.25+3.01 5.61=1.14 2.73x1.34 0.06+0.05 18.23£3.69 14.40+6.15 14.99+8.45 11.36+5.15 47.96+26.20
221 BZ 2930+6.02 2.48+0.53 4.45+0.08 1.37+0.27 0.24+0.06 13.31£5.82 12.76+£2.56 13.78+1.54 1.38+0.34 68.36+17.64
Jianfeng Ridge  [jF% 36.66+4.33 3.18+0.48 4.30+£0.04 2.92+0.36 0.08+0.10 5.09+2.11 15.50+4.21 17.08+2.87 2.63+0.82 70.00+10.14
i EIs BZ 18.71+3.51 2.33£0.68 4.93£0.12 1.15+£0.31 0.20+£0.03 29.63+2.88 16.66+3.17 6.26+0.89 1.70+0.37 132.55+31.89
Bawang Ridge FZE 23.36+3.41 2.81+0.48 4.80+0.10 2.62+0.51 0.06+0.01 25.6243.06 23.79+7.85 7.73+1.51 3.77+0.75 147.27+42.75
L % 24.8546.56 1.64+£0.41 4.28+0.11 1.03+£0.10 0.27+0.04 14.73£1.13 11.9242.72 14.62+1.94 2.09+0.31  44.31+£9.31
Yingge Ridge MZE 28.13+£3.67 2.54+£0.38 4.12+0.12 2.47+0.25 0.07+0.10 14.09+£1.05 12.42+1.32 18.13+2.61 7.30+£1.61 77.62+21.18
HAg1 7 42.93+7.23 3.70 £0.83 4.37£0.06 1.53£0.27 0.43£0.10 10.49+2.22 16.52+4.61 8.35+1.38 1.57+0.29 68.87+11.07
Wuzhi Mountain = [fjZ 39.73+3.54 4.01£0.48 4.10£0.14 3.3320.43 0.09+0.01 7.51£2.26 16.13+4.72 20.49+5.32 7.32+2.58 81.73+13.40
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Fig.5 RDA analysis of soil bacteria and soil physical and che-
mical properties in dry and rainy seasons 6 ‘HEEFTEAEMKTETKF S L EREE E F A Spearman
8% Heatmap[&
R 3 EWNEHFEHTIEAERDAMBEE Fig.6 Heatmap of Spearman correlation between bacterial com-

Table 3 RDA interpretation of soil bacteria in sample plots in
dry and rainy seasons

A5 5 Variable PR (%) Interpretation ratio  PfH P value
+Hok we 1.13 0.001
AP SOM 1.27 0.001
pH 5.03 0.001
A AN 1.52 0.003
A NN 3.05 0.012
AL AP 3.16 0.001
A AK 2.64 0.001
2% TN 1.35 0.001
21 TP 1.38 0.001
A4 TK 428 0.001
[ TR Rainfall 1.99 0.001
R Temperature 2.72 0.001

WEFE I T SRS R Y, 5SS
KM L, AR T A R A A, S A R
BEAAE T S I SO BURR, S S B R
e, SR A R 2E R [Fmf, A
T FEA A B, 20 T A A ] A b P 8 CIBURE 20 ol A
Wiy 22 e 22 S A, R BB DR Ol AN [ B )

munity composition and soil environmental factors at the
phylum level
* IR AR G (P<0.05) 5 %% 1+ 3R 75 M I 25 4 5C (P<0.01 711
P<0.001)
* represented significant correlation (P<0.05) ; ** and *** represented
extremely significant correlation(P<0.01 and P<0.001)

T EERAEE AR R TR, AR T DU,
A SR A W BV 2 A A2 B BT 1) 5 e A
K AR Y IR A MR O], AN RIS R 7
IR W A RN BT 2 A i B M E el s bR
FH T 5 2 30U E W () A A2 B AR A - g AR
SENE) T2 B S GA: W) Z2 AE PE X AN () b B A7
BRI (2K RS, 2020)
3.2 AETEEAERX L EPREYHIRI
B ) AR B A R A My i A S 2 A
PEAETE W 250 o X - SR A T V% A B I 1) AR
S PR 2R 22— - HE L ST AR B 1 Ak 2 AN 4 L o
(Fierer and Jackson, 2006; T 45 ,2020) , 1 4
B PR SN DX A il ]URE (R A W e v A
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Fig.7 Prediction of bacterial function
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Table 4 KO number and description information

KO%i 5 R E 2

KO number Description information
K03088 RNARAiE-70[H ¥, ECFILFK %
K00059 3G RS- [ WL A A 1R 5[ BC: 1.1.1.100]
K01990 ABC-2#%5 18 KRG ATPLE G R M
K01992 ABC-2RU4532 R 4535 15 EE 1
K02004 BB ABCH; 12 RGB B 1
K02003 HEM I ABCELZE RGEATPLE A 8 1
K06147 NTEBILIE — BERRAR T 45 & &
K02035 R/ R GRS A EA
K01999 WA IR 12 R A A R A
K02033 IR/ 12 R G5 3 MR 1
K02034 IR/ 12 R G5 B B 1
K02050 Nitt/Taut 12 R G0 B E M E
K02049 Nitt/ TautF 155518 KRG ATPLE & 11
K03406 Iz i A
K02032 R/ 18 R G ATPEE A5 2K 1
K01998 SRS s R B B RN
K01996 YA LR 18 R G ATPLE G R
K07090 REENENR

K01997 IR, 12 R BB BN A
K02051 Nitt/ Taut K 555 12 RGN 25 G HE

B0 (Lauber et al., 2008) , AHF5E & B, pHAFN
PGS 3 P A0 TR R DTRR B A R L 23 R 5.03% il
4.28%. pHANAHR5) T HEAN B+ B AT 109 L 1)
SEIEMC, 1 EpH S SR ] A AR5 i [ A4
FFRE T34 S I 3 R AR G, e SRR ] R
BEDAT ] S AR BE T | T RDAT R ) S Sl 2 TR AR DG
Lan%$(2020a) WF 5% # B, -8 pHJE 52 M [X 35k 315 Fl
TIEMEY N R EEN R — RS

St AR 4t —8. R UE I pH Al e Az 4

BErh ORGSR R E
(k45,2011 ;32 E W4, 2021) , [BF, pHA] 228 40
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£ HSE 0 440 i v R 43 1 R A AR O (R IRE
2009) . AWFFERN, T RUEY WA LR AT
AL LI ) JoReep ek e b M v A (9K
55,2013) , AT A AUE FROC R e 3
EFRILAT , fl R A A B ) AR B X = SR A TR A
HEVE R, AT AR A IR PR i 1 A S IR RN 1254
SEMAAEL ) AE AR , X FLHR B 40 T () B 7 2540
A FEELRZ N, [ B A — SEAR PRi A P R A R (K]
B, 2011)

4 ZEig
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