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Abstract: [Objective] To clarify the spatial distribution characteristics of soil organic carbon
(SOC) age and microbial diversity, explore the relationship of microbial diversity and network
complexity with SOC age, and quantitatively assess the relative contributions of microbial
diversity, network complexity, climate, vegetation, and soil properties to SOC age. [Methods]
Using global soil radiocarbon (A'*C) data and environmental variable data, we constructed nine
machine learning models for predicting SOC age and selected the best-performing model. Based on
global soil microbial 16S rRNA gene data and environmental variable data, microbial network
analysis, multiple regression analysis, random forest models, and structural equation modeling
were employed to analyze the correlation between SOC age and soil microorganisms and identify
the main driving factors of SOC age. [Results] Soil microbial richness decreased with the rise in
absolute latitude (P<0.001), being higher near the equator and lower at higher latitudes. Among the
nine machine learning models constructed, the rule regression model showed the best prediction
performance (R*=0.77, RMSE=0.84). Soil microbial richness and Shannon index were negatively
correlated with absolute latitude and SOC age (P<0.001). The global soils were classified into
young (44-171 a), middle-aged (172-321 a), and old (322-5 035 a) soil groups, and the network
densities followed a trend of young soil group (0.400y>middle-aged soil group (0.285)>old soil
group (0.125). Multiple regression analysis, random forest models, and structural equation
modeling all showed that microbial network complexity explained the largest portion of SOC age
variation (34%), far surpassing vegetation (10%) and climate (6%).[Conclusion] Global soil SOC
age has significantly negative correlations with soil microbial diversity and network complexity.
The soil with old SOC has lower microbial diversity and simpler microbial network structure.
Microbial network complexity is a key factor influencing SOC age, and its impact is significantly
greater than that of vegetation and climate. These results provide new insights into the driving
mechanisms of SOC age and suggest that future models of SOC dynamics should fully consider the
role of microbial interaction network.

Keywords: soil radiocarbon; soil organic carbon; age; microbial diversity; microbial interactions

T A P (soil organic carbon, SOC)AFEIY & BYEH ZHEHR. 4FEH SOC GHrést A P2 T 47
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PG R T 48k 484 4~ 16S rRNA FE[K 751 5
## . #F—2LFH Usearch 10.0 #1 QIIME 2.0 JF /&
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H/MEY KRN 81 mm, i KAEBIRE K= R
6 805 mm), +HEEPEITE A G L
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HrE% M5 (Bayesian lasso regression, BG) &£ |2
P22 M 2% (multilayer neural network, MNN), H.{&
v, BRI ESECELTEZ NS RA S
T AT B AR E , R R AL “caret” Hr Y
“trainControl” PREL, N [FIBHYAYHESEE AT
Fifi F1L A% AR (num. trees=500, mtry, min.node. size),
W R A B $2 FF (eta=0.1, max_depth=6, nrounds=
100, subsample=0.8, colsample bytree=0.8). #I

D 8] )9 A5 &Y (committees=50, neighbours=9,

minsplit=10), DIHHIEREAIZERZE (neurons=50,
hidden layers=2, decay=0.01, maxit=1 000). Ul
497 [7] )9 (lambda=0.1, alpha=0.5), D137
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M R RS . R T Ak aa i A, ff
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RN, T IERUEY) A R B G 40 25 BE (1) 3
i R (E] 1B), FET S 40°Khir F &
FeRCE R, IAE S 2R R 7008 ik 3w R 4R B
fik. A, FEAEK 9 AR R G (A 10),
T IEE Y MR Dy AT R
(4 801)>F /A A4 AR bR (4 213) > iR 7 Ak AR
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Figure 1 Global distribution of soil microbial richness index. A: Spatial distribution pattern of the richness
index; B: Relationship between the richness index and absolute latitude, analyzed using ordinary least squares
(OLS) regression; C: Distribution characteristics of the richness index across different biomes (Red dots represent
the mean values, black horizontal lines indicate the 1st quartile, median, and 3rd quartile from bottom to top, and

black dots represent outliers); D: Distribution characteristics of the richness index across different soil types.
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Figure 2 Global SOC age distribution and model construction. A: Global distribution of SOC age (n=1 042)
(The bigger the circle, the older the SOC age. The inset figure shows the soil sample numbers of SOC ages in
different continents (excluding Antarctica)); B: Variables used for model training, selected based on a variance
inflation factor of less than 10; C: Performance comparison of nine models for SOC age simulation (For each
model, 80% of the soil profile observations were randomly selected for model training (red), while the remaining
20% were used for validation (blue). RMSE and R? represent the root mean square error and coefficient of

determination for validation, respectively).
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Figure 3  Predicted global SOC age distribution at microbial sampling sites based on the CU model. A: Global
SOC age distribution of soil samples with microbial diversity tested in this study (n=484) (Green representing the
young soil group (44-171 a), orange representing the middle-aged soil group (172—-321 a), and purple representing
the old soil group (322-5 035 a)); B: Relationship between absolute latitude and the logarithm of SOC age,
analyzed using OLS regression; C: The distribution characteristics of SOC age (logarithm base 10) in global soil
microbial sampling sites across different ecosystems; D: The distribution characteristics of SOC age in global soil
microbial sampling sites across different soil types (Red dots represent the mean values, black horizontal lines

indicate the 1st quartile, median, and 3rd quartile from bottom to top, and black dots represent outliers).
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Figure 4 Relationships between soil microorganisms and SOC age. A: The relationship between SOC age and

soil microbial diversity; B: The relationship between SOC age (logarithm base 10) and soil microbial network

topological parameters; C: Co-occurrence network analysis of microorganisms under different SOC age groups.

**%: Significant differences in diversity indices across age groups; NS: No significant differences.
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Figure 5 Correlation analysis between microbial diversity, key soil-forming factors, and SOC age. A: Multiple
regression model evaluating the explanatory power of environmental factors for global SOC age (Environmental
factors include soil properties, climate, vegetation, microbial diversity, and network complexity. The average
parameter estimates (standardized regression coefficients) for the relative importance of all model factors and
their associated 95% confidence intervals); B: Random forest model predicting the main driving factors of global
SOC age distribution; C: Structural equation model predicting the correlation between global SOC age
distribution and environmental factors (Arrows represent the hypothesized direction of causality, with black
arrows indicating positive relationships, red arrows indicating negative relationships, and gray arrows indicating
non-significant paths (P>0.05)); D: Standardized total effects (total of direct and indirect effects) of each factor
included in the structural equation model on SOC age, as well as the maximum direct and indirect effects.
*: P<0.05; **: P<0.01; ***: P<0.001.
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