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Abstract: [Objective] This study aims to investigate the effects of biochar application on the carbon
sequestration capacity of poplar plantation ecosystems and the main underlying regulatory mechanisms, in order
to provide theoretical and technical support for forest management practice of balancing timber production and
carbon sequestration capacity in artificial forests in China. [Method] From 2023 to 2025, a one-year-old
poplar (Populus deltoides ‘Nanlin 3804°) plantation was selected as the research object in Malanghu Forest
Farm, Sihong County, Jiangsu Province. The 3 treatments were set up: a control without biochar application

(ck), low biochar application rate (B1, 30 t-hm™?), and high biochar application rate (B2, 60 t- hm ). The short-
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term effects of different biochar application rates on the carbon sequestration capacity of each carbon layer in
the poplar plantation were explored. [Result] (1) Compared with ck, B1 and B2 treatments significantly
promoted the growth of the diameter at breast height (DBH) and tree height of poplar trees for two consecutive
years, among which B2 treatment had the most significant promoting effect (P<< 0.05). (2) One year after
biochar application, both B1 and B2 treatments significantly promoted the net increment of carbon storage in
the arbor layer, herb layer, litter layer, and soil layer compared with ck (P<<0.05). However, in the second year,
there was no significant difference in the net increment of carbon storage in each layer compared with ck,
indicating that a single application of biochar was not sufficient to maintain the long-term growth of poplar
trees. Instead, biochar exerted a continuous effect through more stable improvement of soil properties. (3) One
year after biochar application, all treatments significantly increased the soil carbon storage in the 0—40 cm soil
layer (P<<0.05), but had no significant effect on the 40—100 cm soil layer, indicating that the increase in soil
carbon storage mainly originated from the one-time application of biochar in the 0—40 cm soil layer. (4)
Correlation analysis showed that the carbon storage in each carbon layer was significantly or extremely
significantly positively correlated with soil total nitrogen (TN), total phosphorus (TP), available phosphorus
(AP), ammonium nitrogen (NHj-N), nitrate nitrogen (NO3-N), carbon-to-nitrogen ratio (C/N), and pH
(P<<0.05 or P<<0.01). Redundancy analysis (RDA) indicated that TN was the primary contributing factor
affecting the carbon storage in each layer of the ecosystem. [Conclusion] Biochar application can significantly
promote the carbon sequestration capacity of the arbor layer, herb layer, litter layer, and soil layer in young
poplar plantations, and is conducive to sustained and stable promotion of the rapid growth of DBH and tree
height of poplar trees, thereby improving comprehensive carbon sequestration and sink increment capacity of
young poplar plantations. Among them, a high biochar application dose of 60 t-hm™ can achieve short-term
rapid and stable carbon sequestration, exhibiting a better promoting effect. [Ch, 5 fig. 1 tab. 36 ref.]
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Figure 1 Effects of biochar application on mean DBH and mean height of poplar trees
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Figure 2 Effects of biochar application on net increases in carbon stock in the arbor layer, herb layer, and litter layer
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Figure 3 Effects of biochar application on net increases in soil carbon stock
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Table 1 Repeated measures variance analysis of the carbon storage of poplar plantation ecosystem with biochar application
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Figure 4 Correlation analysis of carbon storage in different layers of Figure 5 Redundancy analysis of carbon storage in different layers of
poplar plantations and soil physicochemical factors poplar plantations and soil physicochemical factors
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