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Abstract: Soil quality is one of the most importani environmental factors in sustaining the global biesphere and developing sustainable
agricultural practices. A study was initiated in Wolong Nature Reserve, Sichuan Province. China to elucidate the sail quality changes of natural
secondary suceession, forest planting and agrieulioral practices afier deforesiation in the humid meountainens region. The soil qualities of six Jand
use types { natural forestland, grassland, shrub land, secondary forestland, cultivated land and reforested land) were compared using 1wo
quantitative methods: the integrated soil quality index( (1) and soil deterioration index{ Df) . The @I values of natural forestland. grassland,
shrub land, secondary forestland , cultivated land, reforested land were (0. 8039, 0.3277, 0.9127. 0.6881, 0.0285 and 0.3183, respectively.
The DI values were 0% . — 14% , 129, 1%, -26% and - 18% respectively. Both indexes suggesied that shrubr land can restore sail
properties, To compare the two methods more directly, a deduced index (' based on (i value was developed. The results showed that DI and
Q# had a very high linear correlation coefficient (7 = 8.9775} despile the values were different. Both methods were efficient in evaluating the
s0il quality levels and M was a more simple way in soil quality assessment, while @/ could show more ecological meanings.
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Introduction

During the last 50 years, as a result of increasing demand for fivewood, limber, pasture, sheller und
food crops, natural land covers, panticularly forests, are being degraded or converted 1o cropland at an
alarming rate in southwestern China, particularly in Sichuan Province( An, 1997). Land use changes may
influence many natural phenomena and ecological processes, including seil nutrients and soil water change
(Fu, 1999; 2000) . The processes greatly impact the direction and degree of soil quality changes in time
and space { Wang, 1998). Soil quality has been defined by many authors in recent years { Penmock,
1997) . Soil changes are dynamic over time. Human-induced soil changes and their effects on human lives
and ecological environments have received extensive attention(Fu, 2001} . But in past sludies on land use
changes, limited attention has been paid to soil quality and its delerioration following the changes
(Jamalam, 1998) .

Soil nutrients can be changed by the processes that forest is cleared for agricultural eultivation or
allowed to revert to natural vegelation or replanted to perennisl vegetation. Assessment of soil quality upon
conversion of natural forests for varying purposes is of greal importance to detect early changes in soil
quality . Little study has focused on the soil nutrients and quality changes in post-deforestation processes of
succession in the southwestern China ( An, 1997) . There is a need for research to be conducted under that
humid region conditions to determine the effect of land use changes from natural forest to different land use
Lypes.

Due to large number of physical and chemical indicators of soil, many methods were proposed io
integrate the factors and quantify the soil quality{ Adejuwon, 1988) . But few studies had the comparison of
different methods. Also single soil propery evaluations, such as changes in SOM, N, P and K were
usually emphasized., and much less altention was paid to a comprehensive assessment of soil quality
changes. The results form different researchers are difficult 10 compare because of the different benchmark
soils they used, and therefore, the rate of seil changes can not be accurately assessed and compared
(Wang, 1998) .

In this study an integrated soil quality index was advanced and the results were compared with soil
deterioration index. The objectives of the present study were to {1} analyze the soil quelity change of
different land uses due to human disturbance and natural succession; (2) compare the two methods in the
evaluation of soil quality change.

1 Materials and methods
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1.1 Description of study area

Wolong Nature Reserve (102°52'—103°25'E, 30°45'—31°25'N) was established in 1963 with an
original protected area of 200 km’ and enlarged to 2000 km’ in 1975. The study area was originally covered
with original forests and experienced high rales of deforestation and secondary succession. Over the years,
people living in the surrounding villages have often encroached upon and cultivated agricultural crops in the
clear-felled forestland. These intense human activities have hampered the regeneration of existing residual
vegetation on clear-felled lands but there were also artificial forests plantation.

Elevation in the reserve ranges from 1150—6250m above sea level and the research sites were limited
to the 1800 10 2500m to avoid the effect of climate and parent material. The soil was classified as humic
acrisols. The climate of the study area is interior mountain climate with pronounced wet and cool seasons.
The mean annual temperature is 8.5 + 0.3°C, while the mean annual precipitation is about 890 + 100
mm. Relative humidity ranges between 75.5% and 84.8% .

1.2 Soil sampling methods and processing

In order to assess effects of land use changes on soil properlies in the siudy area, surface soil samples
were collected from sites which had the similar landscape properiies. The land use types were catalogued
into natural forestland., grassland, shrub land, secondary forestland, cullivated land and reforested land.
The reason of this selection is that secondary succession after deforestation in Wolong nature reserve
generally followed the sequence of grass, shrub, secondary forest and natural forest.

Soil samples (0—30 cm) were collected from different land uses of the adjacent sites and the sample
number for natural forestland, grassland, shrub land, secondary forestland, cultivated land and reforested
land was 14, 12, 24, 6, 8 and 15, respectively. The examined soil properties included soil bulk density
(BD), soil organic carbon(80C), total nitrogen (TN), total phosphorus (TP}, lotal potassium (TK),
available nitrogen(AN), available potassium( AK) and available phosphorus{ AP). The determinations of
them were according to China standard method { Editorial Committee, 1996) .

1.3 Calculation of integrated soil quality indices( Q)

Due to the successive property of soil quality change, the continuous membership functions{ @ (x,))
were used for the evaluation index(Li, 1991) . The ascending and descending property of the functions was
determined by the positive and negative value of capacity score coefficient of principle component analysis.
The values are also in accord with the vegelation effects on their comesponding factors. The ascending
function and descending function were listed below:

Q(xa) = (xq = K M X — Xiin )5 (1)

O(x;) = (xim“ - X )/(x“,mx - x.‘min)y (2)
where Q (x;) is the membership value of each soil quality factor; x; is the values of soil physical and
chemical properties which were selected for the soil quality; x,.,, and x,,, are the maximum and minimum
value of the I soil property.

The condition or importance to soil quality of each indicator was indicated by a weighting coefficient .
In this study, the cumulative percentage of principal soil quality components and values of component
capacity score coefficient were calculated by the membership values using SPSS program, and weights of
the soil guality factors{ W, ) were valculated by component capacity seore coefficient (Eq.(3)).

n

W. = component capacity,/ Z (component capacity; ), (3)
i=1

where component capacity; is component capacity score coefficient of § soil quality factor.
Based on the addition and multiplication principle, the integrated quality index( /) was calculated
by following equations{ Zhang, 1999):

01 = > Wix Q(x), (4)
i=1
where W, is the weight vector of i soil quality factor.
1.4 Calculation of soil deterioration indices ( DI')
The soil deterioration index( DI ; Adejuwon, 1988) was computed on the assumption that the status of
individual soil property under shrubs, arificial woods, grass, secondary forest and cultivation were once

the same as that of adjacent soils under the well-stocked natural forest before conversion. The equation of
DI was expressed below:
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n

DI = > ({x, - x!)x!) x 100% /n, (5)

where x, is the value of soil physical and chemical properties selected for the soil quality; =z} is the

property under natural forest condition. Negative value of the BD difference was used for that higher BD
value usvally indicated land deterioration tendency( Lowery, 1995) .

2 Results and discussion
2.1 Land use changes in Wolong Nature Reserve
Human disturbance in Wolong Nature Reserve caused heterogeneity mainly around the living area
below 3000m. It was generally recognized that the land use change started form the areas near villages and
extended to mountainous area. Afier the land reform in 1981, the plantation forest land increased a linile .
But landscape pattern still changed a lot especially in the areas where farmers live.
Fig. 1 gave the area changed of
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in 1997 decreased compared with 1987, by
13.06% and 15.80% respectively. This is
mainly because the increased firewood and
timber demand of local inhabitants .
2.2 Effects of different land uses on soil properties after deforestation

Table 1 shows the effect of land use type on selected physical and chemical properties for soil quality
of adjacent areas in Wolong area. Statistically significant differences were found in SOC, TN, BD, AP and
AK among the six land use types. SOC and TN of cultivated land were dramatically lower than of other land
uses, but BD was higher. Shrub land had the highest SOC and TN values. Close observation of Table 1

Fig.1 Area changed of different land use types from 1987 to 1997

showed that TP, TK, AN, AP, AK showed the lowest or lower values in cultivated land .

Table 1 Effect of land use type on physical and chemical properties selected for soil quality of adjacent areas of similar soils in
Wolong Nature Reserve, Sichuan Province

Land-use types Natural Secondary Shrubs Reforested Cuhivated Grassland
e pe forestland forestland land land land yrassian F value
Sample size 14 6 24 15 8 12
0.72 0.88 0.84 0.99 .17 1703
3 .
BD. glom (0.08) (0.18) (0.19) (0.17) (0.15) 0.2y 37
o 65.22 58.18 81.33 44.51 33.12 60.24 -
SOC, wike (17.76) (8.77) {12.12) {(1%.98) (7.42) (2.70) 3.9
4.45 5.49 6.16 3.82 308 4.24 "
TN, gkg (1.61} (z.04) (3.09) (2.22) (0.71) (0.95) 258
1.0 1.07 1.04 0.97 1.00 0.98
1P wke (0.41) (0.22) (0.18) (0.22) {0.07) i O
] 21.85 21.38 22.02 21.27 17.90 21.61 §
TK, g/ke {(6.17) (7.73) (5.93) (6.0) {(4.61) (4.06) 0.30
AN, me/k 1098 .62 1073.57 1247.86 008,24 978.36 982.93 | asns
» mEke (309.99) (218.96) {395.13) {256.08) (75.60) (277.99} ‘
16.00 15.96 14,58 12.87 8.07 9.6
AP, . : 97"
mg/ks (4.34) (4.63) (5.91) (5.45) (4.03) (a.51) 197
oK. melk 362,43 199.77 286. 350 148.21 123.00 153,46 -
e METRS (195.50) 54.33} {(164.71) (48.85) {23.33) {46.82) :

Notes: BD = bulk density, S0C = soil organic carhbon, TN = total nitrogen, TP = tofal phosphorus, TK = total potassitm, AN = available
nitrogen, AP = available phasphorus, AK = available potassium; numbers in the brackets are standard deviations; * .
significant; n.s. nol significant

significant; #+* . very
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Soil organic carbon, as a major attribule of soil guality, is responsive to agricultural land use practice
including tillage. The result indicated that land use changes influence soil nutrient process and human
disturbance could cause soil nutrient loss({ Fu, 2000; 2001) . The resulis showed that cultivation decreased
soil nutrient levels( Davidson, 1993) . Conditions under the shrubs are suitable for the SOC accumulation
due to their largesi layer coverage, species number, richness and lower light penetration. The vegetations
coverage, richness of different ecosystems during secondary succession varied a lot, and so altered the
ecosystem biomass and the micro-environmental conditions such as light, water and soil microorganism.
2.3 The QI value of different land use types

The calculated integrated soil quality index{ Q) reflects the relative soil quality degree of different
land use types. Using Eq.{1) and Eq.(2), the membership value () (x,) of each soil quality fuctor was
calculated{ Table 2). Table 3 shows the results of the cumulative percentage of principal soil quality
components, values of component capacity score coeflicient and weights of the soil quality factors{ W, )
using Eq.{3). W. was calculated by the first component eapacity score due to its cumulative percentage
had reached 72.55% . The integrated quality index( ()I) was further derived from Eq.(4) .

Table 2 Membership function values of soil guality factor of different land use types

Soil qualivy Nawsral S‘econdary Shrubs land Reforested land Cultivated land Grassland
factors forestland forestland
- BD ! 0.3184 0737 0.6378 0 0398

S0C 0. 6658 0.5625 1 0.5197 1] 0.2362
TN 0.429 0.3573 ] 0. 7767 4 0.2169
TP 0.4074 0.0614 0.6532 1 0.3 §]

TK 0.9592 ¢.9011 [ (.8459 4] 0.8184
AN G.4458 G.G162 1 0.3528 0 0.0731
AP 1 0.1942 ). 8581 0.9954 s} 0.6056
AK | 0.3184 0.7374 0.6378 0 0.3982

Table 3 Cumulative percentage of principal seil quality components, values of component capacity score coefficient and weights of
the soil quality factors

Component number 1 2 3 4 5 6 7 8
Percent of variance 7255 235 173 566 1.1 0 0 0o
Cumulative percentage 72.55 85.10 92 .83 098.49 100 100 100 100
Component capacity score 0.159 0.157 0,155 G111 0.136 0.152 G.154 0.145
Weight (. 136 0.134 0.133 0.G5%5 Q. 116 0.130 0.132 0.4§24

Fig.2 shows the QI values of different land use types. The results clearly showed that the drastic land
use changes had resulted in very different soil quality levels. The (} values for natural forestland,
grassland, shrub land, secondary forestland, culiivated land and reforested land were 0.8039, 0.3277,
0.9127, (.6881, (0.0285 and 0.3183 respectively. Shrub land had the highest value while cultivated land

exhibited the lowest value. The results

1.0 .
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o _f°rfila“d Secondary soil quality levels. The reforesied land and
forestland grassland showed lower (M than natural
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) disturbance and the animals prazing
04} Grassland Reflf::;'led activity. In contrast, Qf oit shrub.larfd a'nd
secondary forestiand were higher, indicating
02} they can restore soil nutrents. The more

' Culpvated -

land complex community of shrub and secondary
0 ~ - ' 4 —— o L 11 forest might be a reason for this change.
Land use type Thus shrub maybe is an optional choice to

restore the soil properties as they can
Fig.2 Integrated soil quality index{ Qf} for different {and use types in Wolong decregse soil ergsion  and impmve soil
Nature Reserve conditions at the ecosystems scale ( Wang,
2000). For some area, it is beller to
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change cultivated land or grassland to shrubs due to the finrance or labor shortage .
2.4 The DI value of different land
use fypes [C-18% Reforested land

Soil deterioration index { DI') can he
regard as an indication of soil deterioration I
(improvement) degree. The caleulated D}
reflects the percent changes in  soil Secondary forestland [ 1%
properties from their values under natural

Sortand | T
forest{ Fig. 3). In our study soils under

cultivation had a significantly lower(i.e., -14% _ Grassland
negative) DM ( - 26% ) than soils under

the other land use types. The reforested

-26% Cultivated land

Land use type

Natural forestland | (%

. . _ . N T T —T T
lands also had a low DI{ - 18% ) because 08 oz o4 007 0 0.07 014
some reforested lands were formerly DI
cultivated for agricultural use. DJ of
natural secnndary sUCCession after Fig.3  Soil deterioration index {( [ ) for differens land use types in Wolong

deforestation (grass, shrubs and secondary ¥ Reserve

foresi) changed dramatically. DI for soils
under shrubs and secondary forest were actually positive(12% and 1% ), but the grassland had a negative
DI value{ — 149 ) .

Compared with other studies, the DI value in cultivated land and the change between different
ecosystems were far less(Islam, 2000; Wang, 2000) . The cool, humid climate of Wolong mayhe is also a
factor io the mild soil change of different land uses for the easy soil organic matter accumulation in the
native state( Davidson, 1993) .

2.5 Comparison of the two quantitative methods

The QI and DI values of different land use lypes exhibits the same tendency, but the values have
different ecological meanings. To make a clearer and more direct comparison, a deduced index( QI') was
cited as Eq.{6) .

Qr = ((Q1, - QL)IQL,) x 100% , (6)
where the @I, is the integrated qualily index of different land use types; (I, is the integrated quality index
of natural forestiand. The treatment method was somewhat similar to Df . Fig.4 gave the comparison of QI
and DI of six diflerent land use types. The results showed that though the two indices have different values
{ QI'values range from —96% to 14% , while DI values range from —26% to 12% . The positive linear
relationship between (' and PJ had a high correlation coefficient( r = 0.9775) .

The comparison results showed thal both the quantitative methods were efficient in evalvaling the soil

02 20 quality levels. Soil deterioration index
f\ { DI} method is a more simple and direet
0 Q- . s wiay to delermine the changes of suil
- L 3 - 1" nutrients . Due to the larger variation range
02 g g E gg ‘;‘Eg of QI, integrated soil quality index.( or)
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@ g = £ the small ¢h [ land use ch h
5 04 %, the small change of land use change suc
© as continuous succession. Also  the
4.10

calculation process of QI contains more

06 ! :
—0— or ecological meanings .
osl o D 120 3 Conclusions
Correlation coeflicient(r = 0.9775) Subsequent  secondary  successiun
10 30 after forest cutting and human disturbance

Land use type caused ecosystem heterogeneity in Wolong
Nalure Reserve. The cultivated land area
Fig.4 Comparison of @f'and Df of six different land use types. There exists « increased 9.7% from 1987 to 1997 due to

high correlation coeflicient{r = 0.9775) hetween Qf'and DI the increasing population pressure. In this
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study, soil quality of six typical land use types were compared with two different quantitative methods.
ANOVA showed that there were significant differences for soil properties among land uses. Seil nutrients in
the cultivated land had lower levels than other land uses but the B} had higher values. Both the integrated
soil qguality index{ QF) and svil deterioration index( DI) showed the same tendency of soil quality levels of
difterent land use (ypes, i.e. shrub land > natural forestland > secondary forestland > grassland > reforested
land > cultivated land. This means shrub land maybe is an optional choice to restore the soil properties for
the areas where the conditions are suitable {or shrubs secondary succession.

A deduced index( Qf") calculated Irom the Qf value was proposed to make a clearer and more direct
comparison of the two quantitative methods. The results exhibited the Q7'and DJ had a high positive linear
relationship correlation coefficient ( r = 0.9775), thus both the quantitative methods were efficient in
evaluating the soil quality levels.
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