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Abstract: To investigate the contributions of microbial necromass carbon ( MNC) and soil microorganisms to soil organic

carbon (SOC) accumulation and their influencing factors during tropical rainforest restoration, soil samples from the layers
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of 0—20c¢m, 20—40cm, and 40—100cm were collected from secondary forests with varying restoration periods (30 years:
ZH30, 45 years: ZH45, 75 years: ZH75) and a primary rainforest ( YS) in Hainan Bawangling National Forest Park. The
soil physicochemical properties, SOC, microbial community composition, fungal necromass carbon ( FNC), bacterial
necromass carbon (BNC) , and the contributions of MNC to SOC were analyzed. The results showed: (1) SOC content in
all soil layers initially increased and then decreased with restoration time, peaking in ZH75 (6.68—19.12¢/kg) and
reaching the lowest in YS (4.23—11.04g/kg) , while declining with soil depth. (2) The contents of FNC, BNC, and MNC
across restoration periods ranged from 1.51 to 4.55g/kg, 0.12 to 0.72g/kg, and 1.63 to 5.91g/kg, respectively. With
increasing restoration time, BNC, FNC, and MNC significantly decreased in the 0—40 c¢m layers but showed no significant
decline in the 40—100cm soil. Across the 0—100cm depth, FNC, BNC, and MNC generally decreased, with significant
reductions observed in ZH30 and ZH45. The FNC/SOC, BNC/SOC, and MNC/SOC ratios in the 0—100cm layers were
18.9% to 58%, 1.1% to 11.1%, and 20.9% to 67.8% , respectively. In ZH30 and YS, the surface layers exhibited lower
FNC/SOC, BNC/SOC, and MNC/SOC ratios than the subsoil, while ZH45 and ZH75 also showed similar trends. The
BNC/SOC ratio significantly decreased in the 0—40 c¢m soil with restoration time but remained stable in the 40—100 c¢m
soil. The FNC/SOC and MNC/SOC ratios followed the trend ZH30>ZH45>YS>ZH75 across all depths.(3) Correlation and
redundancy analysis ( RDA) revealed that litter quality and available phosphorus ( AP ) were key drivers of MNC
accumulation. AP, available potassium ( AK), and total nitrogen (TN) positively correlated with MNC, influencing its
spatial dynamics. FNC dominated MNC contributions to SOC compared to BNC. Basidiomycota and Proteobacteria
abundance positively correlated with MNC, while Verrucomicrobia negatively correlated with FNC/SOC and MNC/SOC.
These findings suggested the critical role of long term vegetation restoration and microbial community composition in

enhancing SOC sequestration in tropical rainforest ecosystems.
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Table 1 Physicochemical properties of soil depth in different vegetation restoration years

R IR T K AL AR B Uak2
Land type Soil depth SWC/ % pH AK/ (mg/kg) AP/ (mg/kg) TN/ (g/kg) LT/ (g/m*)
ZH30 0—20cm 19.23+1.91Bb 4.57+0.18Ab 70.77+1.54Ca 1.71+0.16Aa 1.7+0.19Ba 17.48+0.47B
20—40cm 22.39+1.15Aa 4.96+0.09Aa 54.85+0.57Bb 1.47+0.04Ab 0.64+0.08Ab
40—100cm 23.09+0.29Aa 4.89+0.09Aa 55.57+6.52Cb 1.45+0.01Ab 0.45+0.03Ab
ZHA45 0—20cm 19.77+1.41Bb 4.78+0.31Aa 91.17+3.14Ba 1.53+0.03Ba 1.77+0.15Ab 17.09+1.26C
20—40cm 21.20+1.74Aab 5.23+0.61Aa 57.92+1.48Bb 1.31+0.17Aab 0.78+0.15Ab
40—100cm 22.66+0.89Aa 4.96+0.36Aa 42.70+4.71Bc¢ 1.17+0.10Bb 0.58+0.16Aa
ZH75 0—20cm 25.46+0.97Aa 4.82+0.06Aa 103.13+2.79Aa 1.52+0.07Ba 1.46+0.45ABa 17.17+0.94C
20—40cm 20.77+£1.71Ab 4.89+0.17Aa 79.22+4.30Ab 1.31+0.04Ab 0.69+0.14Ab
40—100cm 17.04+0.93Bc 5.05+0.24Aa 63.63+1.18Ac 1.25+0.02Bb 0.47+0.12Ab
YS 0—20cm 14.97+0.93Ca 4.54+0.04Aa 48.25+0.34Da 1.24+0.05Ca 1.22+0.07Ba 10.49+0.82A
20—40cm 15.41+£0.5Bb 4.62+0.29Aa 36.39+0.83Cb 1.25+0.13Aa 0.63+0.1Ab
40—100cm 22.39+1.01Ab 4.57+0.12Aa 47.30+£0.57Ca 1.18+0.05Ba 0.50+0.01Ab

T PR R AR HEZE (n=3) , KRG TR R — L EBARAERR Z [ 22 57 /NG TR Ry [l —4EBRAN R + )2 2 1] 22 5% (P<0.05) 5 ZH30: 4f
B IZ 30 4F vegetation restoration 30 years; ZH45 . fH YK 45 4F vegetation restoration 45 years; ZH75: Hi#E K & 75 4F vegetation restoration 75
years; YS: JE G TR primeval rainforest; SWC + 35 K Soil Water Content; AK; AL Available potassium; AP A 2L Available phosphorus ;

TN. B 4A Total nitrogen

TP 1 AT FEAR K S A 4 BB, SOC 5 i

I - P TR JEE 14 i (. 35 BRI (P <0.05) . 0—20cm - 3 B TR
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Wk 1.51—4.55g/kg .0.12—0.72g/kg, 1.63—5.91g/kg,  Fig.1 Contents of soil organic carbon in different vegetation
it SEVR BRI, L3 FNC BNC, MNC fr it i fk  restoration years
TR, B BRI, BNC NG, e gt e 1
MNC 7E 0—40em 4 2 o & 5 0 3 FEAR, (A 7E 40— | octation restoration 45 yearss ZH7S: 3% K 5 75 4F vegetation
100cm +IEPREEAN B E  DRUEDIRIAIK S E P restoration 75 years; YS . JEATbK primeval rainforest
REBER B 3% iR A, ZH30 75 o di i (12.00+1.18g/kg ) |
VS P AR (5.96+1.12¢/kg) .

H1 3 71, 0—100em 2 H oA [RIAR B 0K S 47 BT 38 0 7 5 1At B S84 LA 19 STk FNC/SOC | -3¢
I AR VA - AT HILRKC 9 STk BNC/SOC R PR AR xS 36 B 1K) Tk MNC/SOC 435114 18.9%—
58% 1.1%—11.1% 1 20.9%—67.8% , Ff L3R RIHT N, ZH30 F1 YS £ )2 15 FNC/SOC  BNC/SOC
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Fig.2 Variations of microbial necromass carbon in different vegetation restoration years
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