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Fig. 1 Distribution of sampling site in Pinus
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Table 1 Basic information of sampling sites
A RF FF 2 A41/= 8 L1V B A 3R 12 ETR
Eﬂsﬁj Liln%./ i{;/ i‘:I\i;lgA?/ﬁDl ﬂzilf\/jllipléjjm js:;ﬁ;?éﬂ f;%\/ Difizty/ Igiﬁ]B{I-TiA/ pH éf:j/
°E) °ND C mm ype a (Fk-hm™) cm %
[k Zhaoging 112.50 23.09 22.0 1747 413 19~24  617~2500 18.87~24.30 4.58~4.76 17.70~32.92
B Hezhou 111.70 24.15 20.5 1631 R 23~25 440~617 23.34~29.61 4.81~4.90 35.97~46.65
FEAR Guilin 110.31  25.06 19.2 1648 24 23~27 467~1550 22.34~26.10 5.44~548 35.92~53.88
4= Huitong 109.64 26.82 16.8 1330 ZI3  21~27  700~2352 19.69~24.18 4.98~5.07 18.97~38.19
7Kkt Yongshun 109.95 29.11 16.2 1395 iy 18~23 733~883 18.49~20.74 5.12~5.82 29.75~33.20
HE Zhongxian 108.05 30.41 16.9 1211 gie 21~39 700~2 167 16.54~19.49 4.40~511 27.52~38.74
73 Wanyuan 108.04 32.13 15.5 1091 #iE  26~50 1267~2900 16.13~22.42 557~6.15 21.26~24.78
X H Hanzhong 107.07  33.01 13.8 917 WAFE 23~44 1983~2133 13.06~16.56 5.65~5.83 11.15~13.33

i 4%

TE: LEEpHAMARL (<0.002 mm) & HH0~20 cmbZHIME. 4i5idlong. AL, Lat AR, MATHERE, MAPHERREKE, DBHA
7ZS

Notes: Soil pH and clay (<0.002 mm) content represented the values of 0~20 cm layer. Long.: longitude; Lat.: latitude; MAT: mean annual

temperature; MAP: mean annual precipitation; DBH: diameter at breast height of 1.3 m.
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Table 2 Soil organic carbon, total nitrogen, total phosphorus contents and their ecological stoichiometry

fabr HR/ME I=INE FIE B R E IEZAS A5
Indicator Minimum Maximum Mean Coefficient of variation/% Normality test
A HLE% Organic carbon/(g-kg™) 7.30 27.01 16.0246.80 425 0.423
4% Total nitrogen/(g-kg™") 0.49 2.31 1.2240.62 50.4 0.505
4T Total phosphorus/(g-kg™) 0.25 0.70 0.35+0.09 24.7 0.044
k% Ltk C:N ratio 9.65 33.29 14.18+4.78 33.7 0.090
R LL C:P ratio 15.26 72.08 47.01+£18.09 38.5 0.449
Z WL N:P ratio 1.02 6.84 3.59+1.70 47.4 0.807
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Fig. 2 Latitudinal variations of soil organic carbon, total nitrogen, total phosphorus
contents and their ecological stoichiometry
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Table 3 Correlation coefficient between soil organic carbon, total nitrogen, total phosphorus and their
ecological stoichiometry and environmental factors

T H AL e EX RALL T LL L

ltem Total carbon Total nitrogen Total phosphorus C:N C:P N:P
HES IR Mean annual temperature 0.528** 0.617** -0.104 -0.323 0.538** 0.627**
HFE %7K & Mean annual precipitation 0.551** 0.691** -0.183 -0.444* 0.598** 0.737**
Moy %S Stand Age -0.333 -0.518* 0.381 0.507*  -0.443* -0.604**
4% Stand density -0.302 -0.467* 0.085 0.421* -0.330 -0.497*
4% Diameter at breast height 0.453* 0.596** -0.056 -0.426* 0.453* 0.609**
pH -0.600** -0.405* -0.006 -0.265 -0.570** -0.356
Fihi#r & Clay content 0.398 0.418* -0.252 -0.082 0.459* 0.472*

7Note: * P<0.05; ** P<0.01.
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Notes: Climatic factors included mean annual temperature (MAT) and mean annual precipitation (MAP), stand characteristics included age,
density and diameter at breast height of 1.3m (DBH), and soil variables included pH value and clay content. The capital letters of A, B and C in the
right figure represented the single effect, and AB, AC, BC and ABC represented the intersection effects. OC: organic carbon; TN: total nitrogen;

TP: total phosphorus.
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Fig. 3 Ordination biplot (left) based on redundancy analysis and Venn diagrams (right) based on variation
partitioning analysis of soil C-N-P contents and stoichiometry and environmental factors
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Latitudinal Variations of Soil C-N-P Stoichiometry in Pinus
massoniana (Lamb.) Plantations

JIAN Zun-ji', NI Yan-yan', XU Jin', ZENG Li-xiong'?,
LEI Lei"?, ZHU Jian-hua'?, XIAO Wen-fa'?

(1. Institute of Forest Ecology, Environment and Nature Conservation, Chinese Academy of Forestry; Key Laboratory of Forest
Ecology and Environment of National Forestry and Grassland Administration, Beijing 100091, China; 2. Co-Innovation Center
for Sustainable Forestry in Southern China, Nanjing Forestry University, Nanjing 210037, Jiangsu, China)

Abstract: [Objective] To explore the latitudinal variations of soil organic carbon (C), total nitrogen (N) and
total phosphorus (P) and their ecological stoichiometry in Pinus massoniana (Lamb.) plantations of sub-
tropical China. [Method] Soil samples of 0-20 cm layer were collected from the pure plantations in eight
sites ranging from southeast to northwest to determine the contents of soil organic C, total N and total P.
The variations of soil C-N-P contents and their ecological stoichiometry along the latitudinal gradient were
explored by regression analysis. The relationships of climatic factors (mean annual temperature, MAT and
mean annual precipitation, MAP), stand characteristics (age, density and DBH) and soil key properties (pH
value and clay content) with soil C-N-P contents and stoichiometry were examined by Pearson’s correla-
tion analysis and redundancy analysis. Besides, the relative contribution rates of these environmental
factors to the variations in soil C-N-P contents and stoichiometry were analyzed using the variation parti-
tioning analysis. [Result] The average contents of soil organic C, total N and total P were 16.02, 1.22, and
0.35 g-kg™', respectively; and the average ratios of soil C:N, C:P and N:P were 14.18, 47.01, and 3.59, re-
spectively. Both soil organic C and total N decreased significantly (P<0.01) with increasing latitude, while
no obvious spatial pattern of total P was found. Soil C:N significantly increased (P<0.05) while soil C:P and
N:P decreased (P<0.01) over latitude. The soil organic C and total N were significantly positively correl-
ated with MAT, MAP, and diameter at breast height (DBH) (P<0.05), but negatively correlated with soil pH
value (P<0.05). The soil C:P and N:P were significantly positively correlated with MAT, MAP, DBH, and soil
clay content (P<0.05), while negatively correlated with stand age (P<0.05). Climatic factors, stand charac-
teristics and soil key properties totally explained 63.8% of latitudinal variations in soil organic C, total N,
total P and soil C:N, C:P, N:P, with characteristics of climatic factors (46.3%) > stand characteristics
(43.3%) > soil properties (35.5%). [Conclusion] Soil C:N, C:P and N:P in P. massoniana (Lamb.) planta-
tions follows obvious latitudinal patterns, which are driven by MAT, MAP, stand age, stand density, DBH,
soil pH value, and soil clay content. Importantly, the interaction effects of these environmental factors are
greater than the single effects.

Keywords: soil C-N-P content; ecological stoichiometry; latitudinal gradient; plantation; Pinus
massoniana
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