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Dynamics characteristics of carbon isotopes in needles, litter, and soil system

during the restoration of Pinus tabulaeformis plantations
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Abstract: To reveal the dynamic patterns of carbon accumulation and allocation during the vegetation restoration process of Pinus
tabulaeformis plantations at the subtropical to warm temperate transitional zone, this study focused on young and middle-aged Pinus
tabulaeformis plantations in the southern Qinling Mountains, with grassland serving as the control. The variations in content of
organic carbon and relative abundance of the stable carbon isotope (813.) within the needle-litter-soil continuum were analyzed
across these three vegetation types. The results showed that: (1) The content of organic carbon in the needles of the young forest was
significantly higher than that of the middle-aged stand. However, there was no significant difference in 813, of the needles between
young and middle-aged forests. Furthermore, neither the content of organic carbon nor d13; in the litter layer differed significantly
across the three vegetation types. (2) Within the soil depth range of 0-30 cm, the organic carbon content (C) decreased with the
increase in soil depth, and the average organic carbon content of both the middle-aged forest and the grassland was higher than that
of the young forest. Soil 813. showed a pattern of young forest > middle-aged forest > grassland. 613, gradually increased as the soil
depth increased but had no significant differences among different soil layers. (3) Soil 813, exhibited a negative correlation with lIg C
(P<0.05), and the soil carbon turnover rates of the three vegetation types followed the order of grassland > young forest > middle-
aged forest. (4) 813, exhibited positive correlations across various soil layers (P<0.05). 813 in the 0-20 cm soil layer showed a
negative correlation with that in the litter (P<0.05) but no significant correlation with that in needles.
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Table 1  Basic information of Pinus tabulaeformis plantations and grassland
o ik bk Wﬁﬁfﬁ *EM%E Rl SR
Vegetation type Altitude/m Soil type Stand dcns_lzy Vegetation Mean Mefin tree
/(tree~hm™) coverage/ % DBH/cm height/m
b Grassland 910 Fr3# Reddish-brown soil 95
I HR Young forest 760 R Yellow-brown soil 2 637 95 12.36 5.83
AR Middle-aged forest 890 ¥4 Reddish-brown soil 1956 85 18.62 12.25
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Figure 1~ Content of organic carbon and 813 in litter and needles
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Figure 2 Content of soil organic carbon and 813
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Figure 3  Regression relationship between 613. and lg C of different vegetation types
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Table 2 Regression model parameters between 613 and lg C of different vegetation types

TR FEA [ml)5 75 % P BB HERAE

Vegetation type Sample size Regression equation R? P
L} Grassland 9 Y=-8.254 5X-15.094 5 0.868 2 0.000 3
I Young forest 15 Y=-3.895 2X-19.818 0 0.438 2 0.007 2

HF AR Middle-aged forest 15 Y=-2.331 1X-22.065 2 0.458 6 0.005 5
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Table 3  Correlation analysis between 813 in soil, needles, and litter

LEPNISEN 0~10 cm +J2 10~20 em 2 20~30 em £J2 it Hiv&¥
Factor 0-10 cm soil layer 10-20 c¢m soil layer ~ 20-30 cm soil layer Needles Litter
0~10 em +J2 0-10 cm soil layer 1.000 0 0.968 5" 0.9290" -0.373 5 -0.652 8"
10~20 em 1 )2 10-20 c¢m soil layer 1.000 O 09321°* -0.3354 -0.7375"°
20~30 cm 12 20-30 cm soil layer 1.000 0 -0.091 8 -0.626 9
£t Needles 1.000 0 0.181 0
V&Y Litter 1.000 0

. " #FR P<0.05, Note: * P<0.05.
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