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Effects of forest restoration types on soil quality in red soil eroded region,

Southern China
ZHENG Hua', OUYANG Zhi-Yun'", WANG Xiao-Ke', MIAO Hong', ZHAO Tong-Qian', PENG Ting-

Bai? (1. Key Lab. of Systems Ecology, Research Center for Eco-environmental Sciences, Chinese Academy of Sciences. Beijing 100085,
China; 2. Institute of Subtropical Agriculture, Chinese Academy of Sciences. Changsha 410125, China). Acta Ecologica Sinica.2004.24(9) :1994
~2002.

Abstract:Land degradation and restoration is one of the greatest challenges in subtropical hilly regions. In Southern China, the
area of hilly red soil region accounts for 2. 0X10° km?®. During recent decades, as a result of increasing demand for firewood,
timber and food——human disturbance has destroyed vegetation in the region. Due to the vegetation destruction, the region
was given the name, “red desert”. As a result, restoring vegetation and improving soil quality became urgent affairs of the
region. It is very important to explore the effects of forest restoration types on soil quality for the restoration and management
of such degraded ecosystems.

In this study. four typical forest restoration types in the hilly red soil region were selected at the Ecological Benefit

Monitoring Station of the Yangtze River Protection Forest the hilly red soil region of Southern Hunan Province, which is
located in the small valley of Changchong Village, Langlong Country, Hengyang County of Hunan Province. The four types
are natural secondary forest, tea-oil camellia plantation, Chinese fir plantation, slash pine plantation, and the control which
was frequently disturbed. The paper reports on the responses of the soil’s physical, chemical and biological properties to the

four forest restoration types. From the results of this study, a soil quality index that integrated 13 soil quality indicators was

calculated. In addition, the relationships between the soil’s physico-chemical and biological indicators were analyzed. Results
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showed that: different forest restoration types lead to significant differences in the soil’s physico-chemical and biological
properties. The soil quality of selected plots was ranked as follows: 1) natural secondary forest™ 2) tea-oil camellia plantation
> 3) Chinese fir plantation™ 4) slash pine plantation™ 5) control. The indices of soil quality for the natural secondary forest,
tea-oil camellia plantation, Chinese fir plantation, slash pine plantation, and control were 0. 95, 0. 68, 0.55, 0.36 and 0. 04,
respectively. The control possessed the lowest soil quality. The soil quality under the natural secondary forest was the highest
among four forest restoration approaches. Natural restoration was an effective approach to improving soil quality at the early
stage of restoring. The factors influencing the soil quality of plantations and the control were inappropriate artificial tending,
lower litter fall production and quality, lower microbial structure and function, and nutrients loss. The findings indicate that
among the 13 soil quality indicators, microbial biomass carbon, substrate richness index and Shannon’s diversity index
significantly correlated with other 9, 10, 9 indicators respectively. For selecting the soil quality indicator, the microbial
biomass carbon combined with microbial function diversity was the better indicator for reflecting soil biological activity and soil
quality.

Key words :soil properties; plantation; natural restoration; quality index
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Table 1 General situation of experimental plots

Biomass
Planting Average  Average | of under- Root
Forest . .\ . . Coverage . . .
density Slope diameter  height of Dominant species growth plant biomass
types %) 5
of trees of trees  tree layer layer (g/m?)
(plant/hm?) (cm) (m) (g/m?)
CK — 25° — 5 N N ® 353.52 338. 260
© 2100 25° 10.72 7.71 75 N N N ® 1188. 88 689. 959
® 2966. 7 25° 7.74 6. 05 83 N N N @ 1089. 22 1034. 357
® 2433.3 18° — 2.74 95 \D N ® 1952. 42 1377.726
@ — 25° 10. 28 7.36 95 N N N N ® 3179.13 1390. 469

(D Slash pine (Pinus elliottii) plantation (SPP); @) Chinese fir (Cunninghamia lanceolata) plantation (CFP); 3)Tea-oil camellia (Camellia
oleifera ) artificial reforestation (TCP); @) Natural secondary forest (NSR); B) Eragrostis pilosas Rhus chinensis, Stetaria viridis et al. ; ©)
Pinus elliottii s Rhus chinensis, Rubus parviflolius, Miscanthus sacchariflorus etc. ; (T) Cunninghamia lanceolata, Rhus chinensis. Sassafras
taumu s Dicranopteris linearis etc. ; ®Camellia oleifera, Loropetalum chinense s Dicranopteris linearis etc. ; ©) Pinus massoniana s Cyclobalanopsis

glauca, Albizia julibrissin, Quercus aliena, Quercus fabri etc.
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Table 2 Effects of different forest restoration types on selected physical properties (0~20 cm depth)
Factors CK Slash p‘ine Chinese fir plantation Tea-oil ca@ellia Natural secondary
plantation plantation forest
Y(g/cm?®) 1.38 (0.03) a 1. 28 (0.03) ab 1.21 (0.07) b 1.18 (0.03) be 1.07 (0.03) ¢
2% 23.67 (0.64) d 25.20 (0.32) cd 27.85 (0.23) b 26.95 (0.52) be 33.40 (0.91) a
Sand (%) 66.16 (0.36) a 67.94 (0.33) a 58.61 (0.77) b 58.93 (4.27) b 48.36 (0.24) ¢
Silt (%) 16.56 (0.41) be 13.90 (0.84) ¢ 22.96 (1.08) ab 21.48 (5.04) abe 27.73 (1.61) a
Clay (%) 17.28 (0.12) b 18.16 (0.69) b 18.42 (0.43) b 19.59 (0.78) b 23.91 (1.70) a
Porosity (%) 40.25 (1.28) ¢ 42.55 (1.21) be 45.54 (1.69) b 46.11 (1.39 b 50. 85 (0.88) a
© (mm/min) 2.20 (0.32) d 3.30 (0.55) ¢ 5.10 (0.61) b 4.20 (0.49) be 9.20 (0.67) a
* 5 , (p>>0. 05)Numbers in the parentheses are standard

errors; Means followed by the same letter in the same low are not significantly different at p<C0.05; (D Bulk density; @ Water holding

capacity; 3 Final constant infiltration rate
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Table 3 Effects of different forest restoration approaches on selected chemical properties (0~20 cm depth)
. Slash pine Chinese fir Tea-oil camellia Natural secondary
Factors CK . . .
plantation plantation plantation forest
pH (H,O) 4.66 (0.03) a 4.22 (0.03) ¢ 4.37 (0.07) b 4.54 (0.03) a 4.42 (0.05) b
T(g/kg) 3.21 (0.50) d 8.01 (0.23) ¢ 10. 67 (0.52) b 10.58 (0.42) b 14.10 (1.28) a
® (g/kg) 0.34 (0.05) d 0.54 (0.003) ¢ 0.73 (0.04) b 0.74 (0.0 b 1. 00 (0.09) a
¥ (g/kg) 0.14 (0.0D) b 0.15 (0.01) ab 0.17 (0.01) ab 0.21 (0.01) ab 0.23 (0.05) a
T(g/kg) 21.30 (0.26) a 20.10 (0.29) ab 15.97 (0.45) ¢ 22.17 (1.28) a 18.73 (0.78) b
© (mg/kg) 29.33 (2.67) ¢ 41.00 (0.58) ¢ 62.33 (2.91) b 64.00 (3.06) b 84.67 (8.82) a
©(mg/kg) 0.26 (0.06) ¢ 0.53 (0.10) be 0.95 (0.02) ab 1.22 (0.13) a 0.83 (0.02) b
@ (mg/kg) 57.67 (3.08) b 70.45 (2.68) b 77.03 (10.50) b 91.47 (0.47) b 178.67 (21.85) a
Ca®" (cmol/kg) 1.20 (0.06) b 0.75 (0.13) ¢ 1.63 (0.02) a 0.24 (0.01) d 1.72 (0.22) a
Mg?" (cmol/kg) 0.53 (0.07) a 0.17 (0.004) b 0.29 (0.04) b 0.22 (0.04) b 0.27 (0.07) b
K™ (cmol/kg) 0.18 (0.02) be 0.19 (0.02) be 0.16 (0.01) ¢ 0.24 (0.01) b 0.34 (0.04) a
Na* (cmol/kg) 0.16 (0.02) be 0.09 (0.002) ¢ 0.29 (0.01) ab 0.22 (0.03) b 0.32 (0.04) a
® (cmol/kg) 2.07 (0.37) a 1.20 (0.16) b 2.38 (0.07) a 0.92 (0.06) b 2.65 (0.24) a
* 5 s (p>0.05) Numbers in the parentheses are standard

errors; Means followed by the same letter in the same low are not significantly different at p <C0. 05; (1) Soil organic carbon (SOC); @ Total

nitrogen (TN); &) Total phosphorus (TP); (1) Total potassium (TK); 3 Available nitrogen (AN); © Available phosphorus (AP); @)

Available potassium (AK); ®) Effective cation changeable capacity (ECEC)

.0.04,0.36,0.55,0. 68 CK

2.3
AWCD
o > >
> C D,
Shannon’s
. 3 C 4,
2.5
13 [20]
0.95C 2), s

7% 7

o)

\ Shannon’s

(AWCD),
aﬁl.ﬁf
TE 14 * K
gg- ~=—- SPP
9 12+ - CFP
> a'sl(]— —— TCP
*E : —»— NSF
ﬁ_gos,
#g
= 06 |
&3
Ry 04
S
< 9
0 48
1 0~20cm
Fig. 1

N

Control; SPP

Chinese fir plantation;

plantation; NSF

96 144
B 06 Time (k)

Average well color development (AWCD) of microbial

community in 0~ 20 cm soil

Slash pine plantation; CFP
TCP

Tea-oil camellia

Natural secondary forest



1998 24
. 13a o
2.6
9 s o 8
; EUC5),
4 0~20 cm
Table 4 Effects of different forest restoration approaches on selected biological properties (0~20 cm depth)
. Slash pine Chinese fir Tea-oil camellia Natural secondary
Factors CK . . .
plantation plantation plantation forest
U (mg/kg) 66.03 (6.21) ¢ 119.70 (9.79) b 128.21 (15.200 b 141.95 (8.21) b 176.43 (11.03) a
@ 8.00 (1.00) d 49.00 (3.61) ¢ 55.00 (6.03) be 65.67 (2.60) ab 72.33 (2.33) a
Shannon’s ® 1.86 (0.14) ¢ 3.73 (0.08) b 3.79 (0.14) b 4.02 (0.03) ab 4.10 (0.03) a
* ; s (»>>0.05) Numbers in the parentheses are standard
errors; Means followed by the same letter in the same low are not significantly different at »p<C0. 05; (1) Microbial biomass carbon (MBC); @)

Substrate richness index (SRI); ) Shannon’s diversity index (SDI)
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Table 5 Correlation relationships between soil quality indicators
BD pH SOC TN TP TK AN AP AK Mg?* MBC SRI
pH 0. 224
SOC  —0.774** —0.329
TN —0.752"* —0.294 0.988" *
TP —0.520" —0. 045 0.597* 0.567"
TK 0. 189 0.488 —0.308 —0.289 0. 187
AN —0.775"* —0.163 0.975" 0.977** 0.630% —0.239
AP —0.523" —0.263 0.624" 0.595* 0.443 0.105 0.535"
AK —0.587* —0.180 0.779** 0.839"* 0.484 —0.134 0.806** 0.270
Mg? ™ 0.419 0.656**—0.526" —0.487 —0. 205 0.261 —0.375 —0.728"* —0.188
MBC —0.912** —0.365 0.883** 0.868" * 0.486 —0.218 0.868" * 0.585" 0.721"*—0.516"
SRI  —0.850** —0.459 0.892** 0.857* " 0.578" —0.253 0.826"* 0.765** 0.567* —0.710** 0.901"* "
SDI  —0.768** —0.566" 0.850* * 0.802* * 0.501 —0.291 0.749** 0.796** 0.503 —0.750** 0.856** 0.972*~
BD Bulk density; SOC Soil organic carbon; TN Total nitrogen; TP Total phosphorus: TK Total
potassium; AN Available nitrogen; AP Available phosphorus; AK Available potassium; MBC
Microbial biomass carbon; SRI Substrate richness index; SDI  Shannon’s Shannon’s diversity index
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Table 6 The annual litter fall amount and their composition under different forest types
Forest types Slash pine Chinese fir Tea-oil camellia Natural secondary
plantation plantation plantation forest
Litter fall amount (t/(hm? + a)) 3.74 3.88 5.75 6.03
Decomposition rate per year 14.55 15. 26 27.94 34. 25
(%) Proportion of needle leaf 82.90 69. 95 — 28.93
(%) Proportion of broad leaf 17.10 30. 05 100 71.07
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