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Spatial heterogeneity of soil organic carbon and total nitrogen concentrations in a

Lithocarpus glaber-Cyclobalanopsis glauca evergreen broadleaved forest
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Abstract . Subtropical evergreen broadleaved forests play an important role in regional carbon balance and sustainable
development owing to their highest productivity, diverse ecosystem functions and complex habitat for abundant biological
diversity in southern China. Spatial heterogeneity of soil nutrients in subtropical forests can provide useful information for
understanding the spatial pattern of plants and for explaining to some extent, coexistence mechanism of diverse tree species.
To investigate spatial variations in soil nutrients and the causes of the variations, soil samples at 0—10 ¢m, 10—20 c¢m and
20—30 cm depth were collected at the center of each 10 mX10 m quadrat within 1 hectare permanent plot of Lithocarpus
glaber-Cyclobalanopsis glauca subtropical evergreen broadleaved forest. Soil organic C and total nitrogen (N) concentrations

were determined for all samples. Based on regional variable theory and spatial analysis functions of GS” Version 9, spatial
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heterogeneity of soil organic C and total N concentrations was examined by using semivariogram of geostatistics. The results
showed that averaged soil organic C concentration was 18.61 g/kg, ranging from 9.53 to 39.40 g/kg, and the average value
of total N concentration was 1.63 g/kg with a range between 0.73 and 3.32 g/kg. Theoretical semivariogram model of soil
organic C approached spherical model while the best semivariogram model of total N was close to Gaussian model. The
spatial variability of soil nutrient primarily resulted from the structural factors and the spatial heterogeneity degree of those
indices was moderate. Fractal dimensions from log-log semivariograms quantitatively described spatial pattern differences and
scale dependence of the soil organic C and total N. Fractal dimension was high for soil organic C, so soil organic C spatial
structure had strong scale dependence with a complex spatial pattern. Kriging was used to analyze the spatial distribution of
soil nutrients. Spatial distribution patterns of soil organic C and total N concentrations similarly revealed an apparent belt-
shaped and spot massive gradient change. Within the plot, soil organic C concentration was negatively correlated with
topographic factors (i.e. elevation and convexity ) , but the relationship was not significant. Soil organic C showed very
significantly a positive relationship with litter biomass. Total soil N concentration exhibited a significant negative relationship
with topographic factors, however, positive relationship was found between total soil N and litter, indicating leaching
characteristics of soil N. Spatial variations in soil organic C and total N highlight the importance of vegetation and litter

protection in the hilly area of subtropical China.

Key Words: geostatistics; soil organic carbon; soil nutrient; spatial heterogeneity; subtropical region; evergreen

broadleaved forest
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Fig. 1

permanent plot of the Lithocarpus glaber-Cyclobalanopsis glauca

Contour map and samplings location of 1 hectare

forest (“+” represents the sampling position, total number=100)
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Table 1 Stand characteristics of the Lithocarpus glaber-Cyclobalanopsis glauca forest

SF-3 aA SR

ik ;
e Fih = o Average diameter Average B
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1 fi Kk Lithocarpus glaber 1802 10.4 9.6 25.60
2 T Cyclobalanopsis glauca 473 12.8 10.5 11.22
3 LA Pinus massoniana 146 18.1 14.2 7.31
4 ZLIR L Cleyera japonica 529 5.9 5.8 6.69
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ANFESE  HIE R R KRAE 2.74 g/kg 108, WA 0
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Table 2 Descriptive statistical characteristics of soil organic C (SOC) and total N concentrations (n=100)
o " K-S K4 .
. — . = . . R = s 7 \* /% . 3 ]
2 sty RoME Rk pspn EE S ERREUG L HARS
. o . Standard Variance ) Data
Soil depth Ttems Minimum Maximum Average o . P value of .
deviation coefficient transformation
K-S test
0—10 FTHEA WL C(SO0C) 9.63 62.09 23.98 8.49 35.40 0.25
4= N Total N/ (g/kg) 0.65 4.29 1.98 0.63 31.82 0.10
10—20m THEAFHL C(S0C) 9.66 39.67 16.94 5.83 34.42 0.16
4= N Total N/ (g/kg) 0.74 3.37 1.61 0.48 29.81 0.24
20—30 FTHEFHL C(SOC) 7.33 32.62 14.87 5.02 33.76 0.03 0.45
4= N Total N/ (g/kg) 0.36 2.87 1.31 0.48 36.64 0.07
-2 TIEHBL C(S0C) 9.53 39.40 18.61 5.71 30.68 0.04 0.61
Average 4= N Total N/ (g/kg) 0.73 3.32 1.63 0.48 29.45 0.08
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Fig.2 Semivariograms models of soil organic C concentrations

23 0] S I 4540 T 25 C R4 7 22 C 4l
THEAHL C B BE S E S EM L{EHR 0.300—0.417
(%3), RPLIEH YL C hFEALE R 5192 /] 5
itk b RS A S FAE R 30.0%9—41.7% , F 38R IAE

7.8m LUN /N I By 28 (8] [ A OG5 R 123 (3] 5
P & RS ] FE ) 58.39%—70.0% , T B K IAE
7.8—365.700m [ h REVEE N, 4 N B4 (i 55
BAEII L 0.342—0.441 (3 3) , KB4 N HFfHL

http ; //www.ecologica.cn



12

Wt A ATHR-T RSk AR - AT LR A 4 2R 2 (] A8 SRR Ak

3457

PRI 22 5 | 174 25 o) S o o 2 () S5 T 1 1) 34.29%0—
A41% , FEFRMAE 7.8m UL TFH/NREE I hiZsiE B
AH 5 L 0 23 1) S e 2 R S5 Y 55.9%—

0.45 r 0—10 cm

0.36 | * P
'R 4

2752 Semivariance
(=)
w

20—30 cm
02 +

L 2
02 r
0.1

0.1

70

65.8% , FERIAE 7.8—110.678 114 v KT 4 .
ARE-T XIS AL C fle N e HA
AR EE ) As [] HAH ST (£ 3)

025 ¢ 10—20 cm
0.20 +
0.15 +

0.10

0.05 +

0

035 -

028

021

0.14

0.07

0 1 1 1 1 1 1 )
0O 10 20 30 40 50 60 70

W J5 BE Separation distance/m

3 1TEES NFEHFERHIBRER

Fig.3 Semivariograms models of total soil N concentrations
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Table 3 Semivariogram theoretical models and parameters for soil organic C (SOC) and total N
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+J)2/cm iy FE R . BEE Fractal
’ Nugget Sill Range R? SR ) i
Soil depth Items Model ) (C,+C) (Cy)/ (4,) (RSS) dimension

0 0 (C[]+C) 0 (D)

0—10 THAHL C(SOC)  FERUER Exponential model  37.300  109.210  0.342  365.700  0.874  47.100 1.887
4 N Total N 8 Gaussian model 0.227 0.515 0.441 94397  0.993  2.065x107* 1.816

10—20 FHEAEML C(SOC) BRRARAY 15.700  56.080  0.300  181.200  0.847 30.600 1.835
4> N Total N e ST R 0.125 0.319 0.392  102.711  0.963  4.015x10™ 1.795

20—30 HHEAHL C(SOC)  FEER 0.058 0.139 0.417  258.900  0.838 1.355x107™* 1.895
4N Total N PRy 0.123 0.360 0.342 110678 0942  8.152x10™* 1.772

3 Average  HHEAHL C(SOC)  BRARBLEY 0.042 0.132 0.318  170.500  0.922 7.975x10™* 1.846

£
4= N Total N =y 0.109 0.318 0.343 89.720  0.982 2.897x107* 1.744
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e N S ARG NTERHAE (R 3) . L3RRS
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Table 4 Correlation soil organic C (SOC) and total N concentrations with topographic factors, stand factors

Eis +J2/em G273 (LINLY::3 UEREZ 7/ REL LR
Items Soil depth Elevation Convexity Litter biomass Numbers Species
FTHEAHL C(S0C) 0—10 -0.124 -0.100 0.341 " -0.105 -0.173
10—20 -0.166 -0.055 0.386 " -0.114 -0.218"
20—30 -0.182 -0.132 0.301 ** -0.085 -0.153
0—30 -0.171 -0.107 0.388 " -0.116 -0.205"
4= N Total N 0—10 -0.127 -0.256 " 0.118 -0.096 -0.134
10—20 -0.262*" -0.146 0.217* -0.168 -0.180
20—30 -0.121 -0.191 0.208 -0.069 -0.096
0—30 -0.180 -0.222* 0.191 -0.120 -0.150

x TN L (P<0.05) , * * H7 W3 (P<0.01)
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