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Response of soil carbon, nitrogen and phosphorus stoichiometric characteristics of
Pinus tabuliformis forests to stand age and density in the Loess Plateau region of
western Shanxi Province, northern China

Yang Zhou' Zhang Jianjun'? Zhao Jiongchang' Hu Yawei' LiYang' Wang Bo'
(1. School of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China;
2. Jixian National Forest Ecosystem Observation and Research Station, Chinese National Ecosystem

Research Network, Beijing 100083, China)

Abstract: [Objective] Analyzing the responses of soil carbon (C), nitrogen (N), and phosphorus (P)
stoichiometry to stand age and density in Pinus tabuliformis forest land can provide scientific evidence for
sustainable management of Pinus tabuliformis plantations. [Method] This study focused on Pinus
tabuliformis plantations of three stand ages (30, 40 and 50 years) and three densities (1 000—1 500 tree/ha,
2 500-3 000 tree/ha, 4 000—4 500 tree/ha) in the Caijiachuan Watershed, western Shanxi Province of
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northern China. Soil C, N, and P contents and their stoichiometric ratios were measured and analyzed from 0
to 100 cm depth layer. [Result] The two-factor interaction of stand age and density showed a significant
influence on SOC, total N (TN), C:N, C:P, and N:P (P < 0.05). (2) Stand age had different effects on soil
TN, SOC, and chemical stoichiometric ratios in stands of different densities, plantations with high density
exhibited soil fertility decline at 50 years. Older plantations indicate that lower stand density is associated
with higher soil nutrient levels. (3) Soil TN was significantly positively correlated with TP, SOC, C:P, and
N:P (P < 0.05); SOC was significantly positively correlated with C:N, C:P, and N:P (P < 0.01). C and N
elements had a significant impact on soil chemical stoichiometry and stand growth (P < 0.05).
[Conclusion] In loess area, it is necessary to rationally adjust stand density according to different Pinus
tabuliformis stand ages. For a 30-year-old stand, the recommended density was 4 000 tree/ha. The density
should be reduced to 2 500—3 000 tree/ha at 40 years. For a 50-year-old stand, the optimal density range for
soil nutrients was 1 000—1 500 tree/ha. The appropriate stand density can ensure that the soil nutrient status
of the forest land is maintained at an optimal level, which is beneficial for the current sustainable
management of the artificial forest and the continuous function of subsequent soil conservation.

Key words: soil stoichiometric characteristics; stand age; stand density; Pinus tabuliformis plantation; loess
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Fig. 1 Schematic diagram of study area location
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Tab. 1 Basic information of sample plots

iy R hm 2 sS4 i 47 S A it B ¥ I 1= 3chm 2
o T VIEEEE TN L SHN WIS
Stand type age/year (tree-ha™ Slope/(*) Altitude/m DBH/cm height/m volume/m® (m*ha™)
1125 34 1189 14.55 8.33 0.24 271.72
YD 1025 28 1139 14.13 7.52 0.19 203.53
1250 30 1158 14.04 8.22 0.22 279.98
2 650 30 1075 10.98 8.67 0.15 410.43
YZ 30 2875 27 1171 12.86 9.79 0.23 674.33
2800 30 1196 11.82 7.85 0.14 417.56
4475 36 1252 10.67 10.12 0.18 846.17
YG 4000 29 1290 10.92 9.19 0.16 671.92
4100 20 1357 9.48 8.15 0.11 467.55
1266 38 1350 13.65 8.87 0.22 280.74
7D 1175 36 1403 14.37 9.47 0.28 337.77
1475 28 1367 15.30 11.15 0.40 600.23
2875 34 1340 9.03 6.44 0.07 213.89
77 40 2900 26 1358 12.70 10.28 0.24 719.19
2788 22 1370 11.90 10.13 0.22 615.55
4200 22 1279 10.60 8.27 0.13 575.26
7G 4500 24 1339 10.11 7.03 0.10 451.04
4425 30 1366 8.84 6.76 0.07 342.94
1200 21 1372 14.66 8.01 0.23 276.94
LD 1375 25 1385 14.21 10.11 0.31 430.48
1500 25 1390 14.63 10.36 0.33 509.22
2975 30 1336 11.87 10.16 0.22 657.48
LZ 50 3000 21 1333 10.94 7.37 0.12 362.91
2 600 25 1354 13.27 9.72 0.24 631.99
4000 31 1199 9.84 6.12 0.07 314.71
LG 4025 21 1307 11.02 10.47 0.20 840.07
4088 20 1344 11.37 8.98 0.17 702.65

T R R B R REY 20 LA AR ER30. 40, 50 a 3FAREE; FEED. Z. G HIARERAL (1 000 ~ 1 5008k/hm?). H1(2 500 ~ 3 0004/hm?).
(4 000 ~ 4 5008k/hm®)3F % iE . Notes: letters Y, Z, and L in stand type represent 30, 40, and 50 years, respectively; and the letters D, Z, and G
represent low (1 000—1 500 tree/ha), medium (2 500—3 000 tree/ha), and high (4 000—4 500 tree/ha) densities, respectively.

R2 HMAIMMEEC, N, PRERUFHEILNESERFTESH
Tab.2 Multi-way ANOVA of soil C, N and P contents and stoichiometric ratios of Pinus tabuliformis plantation

% BRONmER EREFR  SBEE ey g bwme
Factor Soil organic Total nitrogen Total phosphorus Soil C'N Soil C'P Soil N°P
carbon (SOC) content (TN) content (TP) content
R4 Stand age 20.32%%* 1.32% 1.28 42.95%* 29.01%* 3.83*
% ¥ Density 4.67* 3.27% 0.97 5.64%* 3.32% 3.70%
+ J2IRE Depth of soil layer 65.63%* 35.99%* 0.27 1.28 62.48%* 39.80%*
RS > % ¥ Stand age x density 6.01%* 1.98* 1.22 5.45%* 7.32%% 3.55%*
kS x - JZIRE Stand age x depth of soil layer 1.59 0.72 0.34 0.37 1.86 0.94
FJE x LR Density x depth of soil layer 0.83 0.61 0.36 0.35 0.56 0.55
Ml < B x LRRE 0.79 0.78 0.34 0.52 1.07 0.98

Stand age x density x depth of soil layer

VE:* F* G RIMREBAEP <0.05. P<0.01K T EEEMH>K. FHE. £HE T NF{E. Notes: * and ** represent significant correlations at level of P <
0.05 and P <0.01, respectively. Same as below. The numbers in the table are F values.
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Different capital letters indicate significant differences (P < 0.05) between varied densities of the same stand age, and different lowercase letters

indicate significant differences (P < 0.05) between varied stand ages of the same density. Same as below.
ANEI BRI AN B FE AR AR 0 ~ 100 em L 3EFR 5 & &

Fig. 2 Nutrient contents of 0—100 cm soil of different stand ages and densities of Pinus tabuliformis plantation
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Fig. 4 Stoichiometric ratios of 0—100 cm soil of different stand ages and densities of Pinus tabuliformis plantation
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Fig. 6 Correlation analysis of soil C, N and P contents, stoichiometric ratios and growth of Pinus tabuliformis plantation
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