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Abstract

Aims  Our objectives were to study the spatial distribution of soil organic carbon (SOC) density and its influenc-
ing factors in the main forest ecosystems in Guangxi.

Methods A total of 345 sample plots were established in Guangxi, and the size of each plot was 50 m x 20 m.
Based on the forest resource inventory data and field investigation, the SOC storage of the main forests in
Guangxi was estimated. Geostatistics was applied to analyze the spatial pattern of SOC density and the main in-
fluencing factors on SOC density were also explored by principal component analysis and stepwise regression.
Important findings The total SOC storage in the main forests in Guangxi was 1 686.88 Tg, and the mean SOC
density was 124.70 Mg-hm™, which is lower than that of China. The best fitted semivariogram model of SOC
density was exponential model, and the spatial autocorrelation was medium. The contour map based on Kriging
indicated that northeastern Guangxi had high SOC density and northwestern Guangxi had low SOC density, which
corresponded to high SOC density in non-karst region and low SOC density in karst region. The SOC density fol-
lowed the sequence of bamboo forest > deciduous broadleaf forest > warm coniferous forest > mixed evergreen
and deciduous broadleaf forest > evergreen broadleaf forest, and yellow soil > red soil > lateritic red soil > lime-
stone soil. The dominant environment factors affecting SOC density included soil depth, longitude, latitude, and
altitude. Soil depth was the most influential factor, which was mainly attributed to the karst landscape.
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Table 1 The forest types and main tree species in the study area

R (f815) Forest type (Code) EHMFF Main tree species

FABSHK Pine forest (A)
KA China fir forest (B)
YA Eucalyptus forest (C)
FEZEHK Quercus forest (D)
fifi i Ak Hardwood forest (E)
M Softwood forest (F)

Ly J28A Pinus massoniana

KA Cunninghamia lanceolata

¥W Castanopsis taiwaniana

Flibk Forest in limestone (G)
442 Garcinia paucinervis

¥k Bamboo forest (H)
JUSfiAk Anise forest (1)
whZEHk Oil-tea forest (J)

J\Sf Illicium verum

2% Camellia oleifera

JEMH% Eucalyptus urophyllas KA Eucalyptus grandis~ FLJEKE Eucalyptus grandis % urophylla

5 Cyclobalanopsis glauca~ Wikk Quercus acutissima Kk Quercus fabri< KMER Quercus griffithii

WA Erythrophleum fordii WK Excentrodendron hsienmu. 4:%.2% Garcinia paucinervis

WAEW Liquidambar formosana~ 5A Camptotheca acuminata~ R4 Schima superba. KE+HE Mytilaria laosensis

FH X Cyclobalanopsis glauca. N4 Cephalomappa sinensis« W Toona sinensis~ {15, Zenia insignis-

BN Phyllostachys edulis~ YT Dendrocalamus latiflorus
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Fig. 1 The maps of sampling plots in Guangxi. Forest types see Table 1.
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Fig. 2 Soil organic carbon storage of different forest types
with different stand ages in Guangxi. Forest types see Table 1.

Table 2 Soil organic carbon density in different forest types with different stand ages in Guangxi

A EAIFEZAN BUEIN BITR7N DB AN SR
Forest type Young forest (I)  Middle-aged forest (1) Near-mature forest (111) Mature forest (IV)  Over-mature forest (V)
FARHK Pine forest 96.66™ 78.05° 115.28% 136.52° 116.10°
F2AH$K China fir forest 149.24° 117.50° 206.62° 205.13* 204.73
FHk Eucalyptus forest 106.06" 141.56% 164.94° 111.05% 87.19°
FREH Quercus forest 72.26® 90.84% 84.39% 47.91° 107.99%
T#RE#% Hardwood forest 250.17° 236.22% 120.55° 325.94° 335.27°
Ak Softwood forest 124.29° 117.33" 150.00™ 294.54% 178.55"
filiAk Forest in limestone 56.98° 67.76° 51.75° 71.09° 81.21°
PT#k Bamboo forest 138.09° 187.65° — 128.19° —
JUSfibk Anise forest 87.23" 147.85° — 123.96% —
MZERK Oil-tea forest 85.17° 103.85° — 78.37° —

AT AN PR R 2257 B ¥ (p < 0.05).

Different lowercase letters within a row indicate significant difference at p < 0.05.
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3.34%. 1.60%F11.44% (&13). | 74 = ZIARA 1458 5
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Fig. 3 The proportion of soil carbon storage of each forest
type out of total soil carbon storage in Guangxi. Forest types
see Table 1.
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Fig. 4 Spatial distribution of soil organic carbon density of the
main forests in Guangxi (Mg-hm™).
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Table 3 Variogram theory model of soil organic carbon (SOC) and their corresponding parameters

87 Index A e At ESEL(E] P AR YE R
Theoretical model Nugget (Co)  Still (Co+ C)  Nugget/Still (Cof Co+ C (%)) Range (°) Determination coefficient (r?)

A WL FE RO 0.107 0.366 29.2 1.109 0.893

SOC density Exponential
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Fig. 5 Soil organic carbon (SOC) density under different
vegetation types in Guangxi. I, 11, 11, IV, V represent evergreen

broadleaf forest, mixed evergreen and deciduous broadleaf
forest, deciduous broadleaf forest, warm coniferous forest and
bamboo forest, respectively. Lines within the boxes give the
median, and boxes give the 25th and 75th percentiles. Different
small letters indicate significant difference (p < 0.05).
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Fig. 6 Relationship between the average diameter at breast
high (DBH) and soil organic carbon (SOC) density of the main
forests in Guangxi.
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Fig. 7 Soil organic carbon (SOC) density under different soil
types of the main forests in Guangxi. I, 1I, I, 1V, V represent
evergreen broadleaf forest, mixed evergreen and deciduous
broadleaf forest, deciduous broadleaf forest, warm coniferous
forest, and, bamboo forest, respectively. Lines within the boxes
give the median, and boxes give the 25th and 75th percentiles.
Different small letters indicate significant difference (p < 0.05).

T3 2 B3 T B HC M A e R R R
(#5). S5HRM, )Y AR LI LR
FERRIED T IEE. 2. 3 M Iy 22 B Tk Ak B
74%, FE LIRS DR 1 6f L A ML 2 R I R,
RFB 5 B SBLE A 5P SR A’
KAHIANE, J7 2 vTik % 4 28.845%; 2L skt 1
J2 TR FIpHAE A 0%, 5 ZE DTk % 4 23.300%; 453
o> SRR FEARDG, T3 22 DTk 4 22.274%

B IR A B IR 7 A HURR 5 % BT ik oK
/Ny R A5 1R UE 43 BT 5 006 32 o FR AR (1)
il W 2R A, LREE. pHE)ET
Jiii, w19 B A LR (AR ) S R R
(AR I 2 e E A T F:

SOCD = 1.070D + 16.065La + 0.0441 + 6.654Lo —
1089.946 (R? = 0.401, p < 0.001)
A, SOCDH F3EATHLBR 25 B (Mg-hm™2); DAy L2
RPE(em); La A 4L (°); AR (m); Lo W& JE(°) .
Hrh LR T R R A EY)(B =
0.49), HKIELJE (S = 0.275). FHk(S = 0.187). &
J£(B = 0.157) . ERI) ™ VU AR AR T35 AT LA 25 5 S AN [F]
a5 i i 25 9

doi: 10.17521/cjpe.2015.0199

©U0 000 00O Chinese Journal of Plant Ecology



288 HHW A AZ4AR Chinese Journal of Plant Ecology 2016, 40 (4): 282-291

R4 )T IUARMR LA PG (SOC) % AN #- R BE R 1 ) g AH S Ak

Table 4 Correlation coefficients between soil organic carbon (SOC) density and environment factors of forest in Guangxi

PR T SOC# )% AR TEREK & K Zh i TRRE pHE

Environment factor SOC density  Annual mean air Annual Altitude  Longitude Latitude  Soil depth pH value
temperature precipitation

AESPA5S3E,. Annual mean air temperature  —0.301"

ERF/KE Annual precipitation 0.093 -0.034

#H Altitude 0.170™ -0.201™ -0.245™

258 Longitude 0.285" -0.452™ 0.340" —0.420™

Z5)% Latitude 0.316™ -0.817" -0.195™ 0426  0.142"

+JZ%E Soil depth 0.484™ 0.054 0.292™ -0.137" 03407 -0.123"

pH{H pH value -0.038 -0.033 -0.050 -0.044 0.015 0.036 -0.148"

F2LHsoCcH & 0.373" -0.354"™ -0.069 0.207"  0.078 0370 -0293" 03117

SOC content of surface soil

* p < 0.05; ** p<0.01.

5 )V A HLIK(SOC) B [ BT IR 3 oy 43 Bt

Table 5 Principal component analysis of the effects of environment factors on soil organic carbon (SOC) density in Guangxi

B R BB e 0% EOSE %)

Environment factor

Principal component 1

Principal component 2

Principal component 3

4EF4/< 3 Annual mean air temperature
fERK R Annual precipitation

R Altitude

Z % Longitude

261 Latitude

T2 Soil depth

pH{i pH value

FE T HESOCH 7 SOC content of surface soil
J7 ZE Uik #. Variance contribution
Zivimk® Accumulative contribution (%)

-0.927 0.070 -0.167
-0.035 0.228 0.624
0.402 0.116 -0.780
0.393 0.160 0.804
0.910 -0.071 -0.201
-0.001 0.893 0.259
0.189 -0.896 -0.023
0.517 —-0.402 -0.032
28.845 23.300 22.270
28.845 52.146 74.416

3 iTigFngEig

31 IAFEHRNLTIERIER

B RGO ARG 1%
A HUBR PRI SRS ) AR 2 o L BT LB 2 S AR A
BRGH N EEN—AE, Wt ESRAR
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