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Composition of Humus in Forest Soils of Yunnan Province, China and Its
Influencing Factors
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Beijing Forest University, Beijing 100083; 3. Co-Innovation Center for Sustainable Forestry in Southern China, Nanjing Forestry University,
Nanjing 210037)

Abstract: Objective Yunnan Province is rich in forest resources, thus posing an important part of China's forest carbon pool. Its
forest ecosystem plays an irreplaceable role in the global carbon cycle and balance, and its organic carbon pool in the forest soil
does too in regulating the global carbon balance and slowing down the rising concentration of atmospheric chamber gas. Though

soil humus is known to be the main body of soil carbon, it is still unclear as to characteristics of its composition and influencing
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factors. Therefore, it is of great significance to strengthen the study of composition of the forest soil humus and its influencing
factors to the efforts of regulating forest soil carbon balance and improving soil fertility. Method A total of 88 soil samples were
collected from the topsoil layers of different forest zones in Yunnan province. Environmental factors of the sampling sites, such as
soil type, latitude and longitude, elevation, slope degree and slope aspect, were measured through field investigations. The soil
samples were analyzed in lab for contents of soil carbon and soil humus and its components, of which regression analysis and
descriptive statistics were employed to quantify relative contributions of elevation, soil type, slope degree, slope aspect, annual
mean precipitation and annual mean temperature to the variation of soil humus composition. In the end, soil humus composition
and distribution in the forest soils of Yunnan were characterized. Result Results show: in the top soils of the forests, SOC content
varied in the range from 8.40 to 199.73 g-kg ', with a mean of 51.37 g-kg™'; HE-C content in the range from 2.54 to 84.02 g-kg ™,
with a mean of 24.52 g-kg™'; HA-C content in the range from 0.99 to 33.64 g-kg™', with a mean of 9.35 g-kg™'; FA-C content in the
range from 1.40 to 57.16 g-kg™', with a mean of 15.17 g-kg™'; and HA/HF in the range from 0.17 to 4.59, with a mean of 0.78; soil
humus in the samples was fairly low in polymerization degree, with C/N ranging from 4.68 to 41.72 and averaged to be 14.25.
The contributions of soil type, elevation and annual mean temperature to soil humus composition were significant(P<0.01 or 0.05),
but those of annual precipitation, slope degree and slope aspect were not so significant(P<0.05). The environmental factors varied
in explanation of the spatial variation of total organic carbon, extractable humic carbon, humic acid carbon, fulvic acid carbon,
and carbon-nitrogen ratio in the soil with soil type explaining 30.1%, 29.6%, 30.9%, 24.3% and 11.5%; annual mean temperature
doing 22.2%, 19.5%, 13.7%, 18.8% and 18.0%; elevation doing 13.3%, 9.4%, 11.1%, 8.7% and 13.9%, respectively.

Conclusion The content of soil organic carbon in the forest soils of Yunnan is found to be relatively high in the northeast and
northwest parts of the province, and relatively low in the south and central parts. Soil type, elevation and average mean
temperature are the key factors regulating spatial variability of the soil humus in the forests of Yunnan Province. In terms of
contribution degree, the factors exhibit an order of soil type > annual mean temperature > elevation. Soil type plays an important
role in the accumulation of humus in the forest surface soil.

Key words: Yunnan Province; Forest soils; Humus composition; Distribution; Influencing factors
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Table 1 Characteristics of the composition of the total humus in the forest soils of Yunnan Province
JE R B A 5y FEAH Sample /IME Min ONIE ¥ Mean / PRt A5 5 R A

Humus composition number / (gkg") Max/ (g'kg™") (gkg™t) SD /( gkg™) CcV
Bl SOC 88 8.40 199.73 51.37 42.58 0.83
AR U 5 BT ik HE-C 88 2.54 84.02 24.52 19.32 0.79
SRR K HA-C 88 0.99 33.64 9.35 7.55 0.81
W LRk FA-C 88 1.40 57.16 15.17 13.10 0.86
& L H/F 88 0.17 4.59 0.78 0.67 0.86
C/N 88 4.68 41.72 14.25 5.19 0.36

22 ZEHEFRMIEBERSEXMESER W AR T G Bk 7 i L % C/N HU (R

220 Bhm. YRR mER 2 AIG0, PHIE A MR A
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PR NT IS, (H2ERARK, XUl BIE I A &
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AHEF (2 3), Forb R HERT U 8 ik . 5 R
Tk 5 T TE 5°~45°3 [ PN I 75 38 B ) v TR o, HEG
b JE 5% J5T 2 355 3% B TR AR AL R AN I i
2.2.2 Wk M 2% 4 AT, A9 JB 5 I 45 2H 43k
TERSBRAERERR, HP7EEER/NT 4000 m
WA, RS A S . T3 ON EBEE
TR TE = AN, FEMEAR 3 200~4 000 m 75 Fl )

MHESRE L 4 300 mJE, BV f) A R A LK
KR A . A O/N I SRR AR . B E
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223 HHEM S5 TH, mpARREZER
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Table 2 Composition of the humus in forest soils relative to slope aspect

I ) FEA HHLEK SOC/  FIEEBUSTER SR HA-C/ & BRIk FA-C/
WE L HF  CN
Slope aspect Sample number (gkg") HE-C/ (gkg ') (gkg!) (gkg!)
FH3% Sunny slope 37 52.96 26.13 9.80 16.33 0.70 14.08
3% Shady slope 51 50.22 23.35 9.02 14.33 0.85 14.38
#3 AR EFRWLIESEREADHFE
Table 3 Composition of the humus in forest soil relative to slope degree
Wz FEAS EERIIRTS AP A T SRR HA-C/ & Bk HHE L

Slope degree Sample number SOC/ (gkg') HE-C/ (gkg') (gkg!) FA-C/ (gkg') H/F o

29 Gentle slope 22 51.23 22.56 8.56 14.00 0.86 15.32

1 Abrupt slope 25 53.11 22.71 8.93 13.78 0.83 14.47

Bt Steep slope 27 50.99 26.89 9.85 17.04 0.70 13.01

“ 3% Acute slope 12 51.06 27.03 10.86 16.17 0.82 13.54

[%: 3% Dangerous slope 2 33.24 21.16 7.06 14.10 0.51 11.69
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Table 4 Composition of the humus in forest soil relative to elevation

R L FEA R FHLEE SOC/  WHRBUSTEFR  WAMERRR HA-C/ & HLERRR FA-C/

WS HF N
Soil zone Sample number (gkg") HE-C/ (gkg ') (gke) (gkg™)

Tk 21 e 2 13.31 7.61 2.71 4.90 0.55 9.39
ipaR: i 8 23.30 12.30 5.02 6.34 0.71 10.72
AR Sy L 45 47.45 22.95 8.53 14.43 0.75 13.37
g 20 51.52 25.01 9.82 15.20 0.98 15.55
A 11 92.67 39.50 16.39 23.11 0.73 18.76
Ly ) 5 2 61.26 38.26 6.10 32.16 0.19 15.25

(D Humid-thermo ferralitic zone, @ Lateritic red soil zone, @ Yellow soil or red soil zone, @ brown soil zone, (& Dark brown soil

zone, © Alpine meadow soil zone.

b

AEERE T IRBERAS TS ERFE

Table 5 Mean contents of humus components relative to soil type

- HE A SR F ML SOC FIHRIUBESE Bk SHEMRIK HA-C/ & HRik FA-C #HE L
Soil type Soil sampling site / (gkg') HE-C/ (gkg") (gkg!) (gkg!) H/F o
LT HH. DH, BN 16.83 8.84 3.07 5.77 0.53 9.73
LTI HH. DH. BN, PE 25.59 13.21 6.51 6.71 090  11.66
e HH. WS, BS. LC 37.29 19.09 6.36 12.73 1.09 12,07
gefn CX. KM, QJ, ZT. BN, PE 37.47 20.51 6.76 13.75 0.68  13.84
e Ll A DQ 61.26 38.26 6.10 32.16 0.19 1525
£I3E°  CX. KM, HH, WS, BS, DQ. QJ. PE  44.24 23.46 8.82 14.64 0.62  13.86
FE® DQ. NJ, LJ 48.02 24.04 10.31 13.73 040  15.09
FAREY  CX, HH, YX., HH, WS, BS. NJ, QJ  63.14 22.84 9.46 13.38 1.03 1550
iy e DQ. NJ, LJ 113.50 5433 21.07 33.27 0.69 1892

HH--Z1.77 Honghe, DH--f% Dehong, BN--Fi X4} Xishuangbanna, PE--{7H Puer, WS—3CIl| Wenshan, BS—# 1| Baoshan,
LC—IIfi7f Lingcang, CX—Z4E M Chuxiong, KM--E ] Kunming, ZT—i# Zhaotong, DQ—ith JK Diging, LJ—FNYL Lijiang, QJ—H
¥ Qujing, NJ—AXVL Nujiang, YX—E % Yuxi; O Humid-thermo ferralitic, @ Lateritic red soil, @ Yellow soil, @ Purple soil, &
Alpine meadow soil, ® Red soil, @ Brown earth, Yellow brown soil, @ Dark brown soil.
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Fig. 2 Relationships of annual mean temperature with content of each component of the soil organic carbon
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