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Assessment of ecological benefits of Chinese pine in soil and water

conservation forests in Western Liaoning Province
DU Xiao-Jun'", JIANG Feng-Qi', SHEN Hui', JIAO Zhi-Hua®?, LU Tian-Ge®, JIN Ya-

Rong" (1. Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, China; 2. China
University of Mining and Technology. Beijing 100083, China; 3. Forestry Bureau of Jianping County, Liaoning
Province, Yebaishou 122400, China; 4. Forestry Centre of Nanliuzhangzi of Lingyuan County, Liaoning Province,
Nanliuzhangzi 122528, China). Acta Ecologica Sinica,2003.23(12):2531~2539.
Abstract: In this paper, the ecological benefits of Soil and Water Conservation Forests planted with
Chinese pine (Pinus tabulaeformis) were assessed for 101 plots in Western Liaoning Province by using the
comprehensive-index assessment method. The comprehensive-index assessment method is an indirect but
effective method used for estimation, especially when the main functional indices are difficult to measure.
In order to use this method, a system of estimation indices assessing the ecological benefits of forests was
designed for Western Liaoning. including estimation criteria and classification of benefits. The types of
forest ecological benefits were classified based on the weight value of every index (by Analytic Hierarchy
Process, i.e. AHP) and the comprehensive estimate index (from the survey materials of forest stands).
The Soil and Water Conservation Forests of Western Liaoning Province were divided into five classes
using the comprehensive-index assessment method: lower-benefit forest, low-benefit forest, middle-
benefit forest, high-benefit forest and higher-benefit forest. Most forests of the Niuheliang, Qitian. and

Nanliuzhangzi regions were classified as low-benefit, middle-benefit, and high-benefit forests respectively.
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In Niuheliang region, lower-benefit, low-benefit and middle-benefit forests accounted for 79.4% ., 14.7%
and 5. 9% respectively. In Qitian region, lower-benefit forest, low-benefit and middle-benefit forests were
4.5%, 22.7%, 72.7% respectively. In Nanliuzhangzi region, high-benefit and higher benefit forests were
16. 7% and 83. 3% respectively.

The results showed that forest structural integrity (especially the forests’ layer structure) has a great
significance in the ability of Soil and Water Conservation Forests to provide ecosystem services. In
particular, a key task for ecosystem management in these pine forests is the conservation of the herbage
layer and the litter layer on the forest floor. The policy of forest protection should be adopted as an
effective approach for ecosystem management in Soil and Water Conservation Forests planted with Chinese
pine in Western Liaoning Province.

Key words: soil and water conservation; soil and water conservation forest; benefit assessment; low-

benefit forest; Chinese pine; Western Liaoning Province
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Fig. 1 Structure of index system on ecological benefit evaluation of soil and water conservation forest

A': Index of forest productivity; B: Canopy density of arbor; C. Canopy evenness state of arbor; D: Canopy length of

arbor; E: Canopy density of shrub; F: Canopy evenness state of shrub; G: Length of shrub; H: Canopy density of

herb; 1. Canopy evenness state of herb; J: Length of herb; K: Thickness of dead layer on floor; L.: Biomass of root

layer; M. Thickness of soil layer; N: Slope degree; O: Slope site; P: Coarseness of floor; Q: Pine insect pest; AO:

Index system on ecological benefit evaluation of soil and water conservation forest; Bl: Forest productivity; B2:

Structure of layer; B3: Soil; B4: Topography; B5: State of forest ecosystem health; C1: Arbor layer; C2: Shrub

layer; C3: Herb layer; C4: Dead layer on floor; C5: Root layer; the same below
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Table 2 Benefit class and estimation criterion

Benefit class Higher benefit High-benefit Middle-benefit Low-benefit

Lower-benefit

=4.0 .5~4.0 .5~3. ~2.
Estimation criterion =4 8.4 29735 2es

<2
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Table 1 Classification criterion of ecological benelit evalvation index on soil and water conservation forest in Western Liaoning Province
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R Table 3 Estimated matrix
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Table 4 Measured scales for estimation

Mark value Meanings
1 w,  W; The factor W, is the same important with the factor W;
3 Wi W, Wi is a little more important than W
5 Wi W, W, is markedly more important than W,
7 Wi W, Wi is strongly more important than W
9 Wi W; Wi is extremely more important than W;
2,4,6,8 The median value of above-mentioned two neighbour
Reciprocal ¢ j The ratio between W;and W ;. P;;=W;/W;, whereas: P;=1/P;=W;/W,
2.4
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5
Table 5 Estimated matrix and weight value of every index
Code Index 1 2 3 4 5 Weight value Parameter of Weight \‘/alue
of every layer coherence test of every index
101 A0
211 B1/A 1 1/2 5/2 5/3 3 0.2378 0.2378
212 B2 2 1 3 5 0.4295 Amax=>5. 0314
213 B3/M 2/5 1/4 1 5/6 8/5 0.1102 C.1. =0.0078 0.1102
214 B4 3/5 1/3 6/5 1 8/3 0.1508 C.R. =0.0070
215 B5/Q 1/3 1/5 5/8 3/8 1 0.0718 0.0718
212 B2
311 C1 7/5 8/5 8/5 1 0.2525
312 C2 5/7 1 9/8 9/8 6/7 0. 1859 Amax=>5. 0061
313 C3 5/8 8/9 1 1 3/5 0.1570 C.1. =0.0015
314 C4/K 5/8 8/9 1 1 3/5 0.1570 C.R. =0.0014 0.0674
315 C5/L 1 7/6 5/3 5/3 1 0.2475 0.1063
214 B4
321 N 1 3/2 4/3 0.4113 Amax = 3. 0092 0. 0620
322 (0] 2/3 1 2/3 0.2491 C.I. =0.0046 0.0376
323 P 3/4 3/2 1 0. 3395 C.R. =0.0079 0.0512
311 C1
411 B 1 2 7 0. 6087 Amax = 3. 0000 0. 0660
412 C 1/2 1 7/2 0. 3043 C.1. =—0.0000 0.0330
413 D 1/7 2/7 1 0. 0870 C.R. =—0.0000 0. 0094
312 C2
421 E 1 2 6 0. 6000 Amax=3. 0000 0.0479
422 F 1/2 1 3 0. 3000 C.I. =—0.0000 0.0240
423 G 1/6 1/3 1 0.1000 C.R. =—0.0000 0. 0080
313 C3
431 H 1 2 4 0.5714 Amax=23. 0000 0. 0385
432 1 1/2 1 2 0. 2857 C.1. =—0.0000 0.0193
433 J 1/4  1/2 1 0. 1429 C.R. =—0.0000 0. 0096
2.5
b b
b b 9 9’
g 60 55
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Fig. 2 Statistical number of different type plot in the

three investigation regions
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Table 6 Estimate results of every index of plots
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Plot 7 of Chinese pine forest in Niuheliang region; Q-7

Plot 7 of Chinese pine forest in Qitian region; T-/

Comprehensive estimate index.

Plot 7 of Chinese pine forest in Nanliuzhangzi region. VI

the same below
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Table 7 Test of estimation criterion
Site A B C D E F G H 1 J K L M N O P Q VI
N1 4.9 0.56 52 1.0 0 0 0 0 0 0 0 6.56 23 10 | b 1.484
g
N2 5.2 0.53 49 1.3 0 0 0 5 a 6 0 7.32 35 14 i m q 1.8174
Ql 5.1 0.62 76 1.3 0 0 0 52 d 32 11 6.85 31 11 f n 2.5124
s
Q2 5.8 0.5 62 1.6 0 0 0 58 d 35 11 7.20 39 13 i 2.508
m s
T 14.2 0.77 82 3.2 13 b 1 12 b 18 14 11.78 70 25 h t 4.1217
m
Ni. i Plot i of Chinese pine forest in Niuheliang region for test; Qi
i Plot / of Chinese pine forest in Qitian region for test; T

Plot of Chinese pine forest in Nanliuzhangzi region for test
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