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Abstract The effects of recreation on the environment of tourism resorts are almost unavoidable and these
particularly affect vegetation. With the greatly increasing number of visitors and the intensive increase in air
pollutants released from hotels and restaurants the plants in Zhangjiajie National Forestr Park have been pol-
luted and seriously damaged. In order to show the effects of recreation on the growth of plants on the internal
chemical components of plant leaves and on the damage degree of tree trunks controlled experiments were used
to investigate and analyze changes in contents of fluoride and SO, in the leaves of several tree species and
growth rates of Cunninghamia lanceolata were compared between polluted and non-polluted areas. The degree
of tree bark wounding caused by visitors along both sides of the tourism roads was also investigated. The results
showed that the contents of fluoride and SO, in the leaves of C. lanceolata  Cryptomeria fortunei and Ptero-
carya hupehensis in polluted areas increased 1.6 — 16 times in comparison to that of non-polluted areas the
annual diameter increment of C. lanceolata growing near the reception area was reduced 32.3% - 57.1%
compared with that of the control area a great amount of scars on the tree trunks along the two sides of the
tourism roads in Jinbianxi area and Huangshizhai area were cut by visitors and these scars were distributed a-
mong the part of the trunks 1.2 — 1.6 m above the ground. The wound degree was mainly related to tree
species smoothing degree of the tree bark and the distances from tree to the edge of tourism roads and the di-
rections the trunks face. To protect the vegetation in the park it is vital to improve the park’ s fuel structure
reduce the amount of reception sites and improve the environmental education of visitors.

Key words Recreation activities Vegetation growth Damage Fluoride SO, Zhangjiajie National Forest
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Table 1~ Fluoride content of plant leaves mg g~!' DW  Means + SD

Prerocarya hupehensis Cryptomeria fortunei Cunninghamia lanceolata
Measure time
Shuiraosimen Laolinchang  Luoguta Jinbianxi ~ Laolinchang  Luoguta Huangshizhai Shuiraosimen  Luoguta
1984 0.03+0.01 0.04+0.01 0.05+0.01 0.03+0.01 0.08+0.02 0.00+0.00 0.03+0.01 0.11+0.01
1986 0.56+0.12 0.85+£0.15 4.02+0.66 0.00+0.00 1.35+0.31 1.05+0.24 0.36+0.09 0.47+0.11 1.07+0.28
1999 1.86+0.35 2.46+0.43 6.53+0.87 0.13+0.05 1.86+0.46 2.21+0.47 0.69+0.15 1.54+0.31 2.63+0.53
1984 The value of Shuiraosimen plot in 1984 was not determined
2 1981 ~ 1999
Table 2 Numbers of coal and air pollutants from 1981 to 1999 t
1981 1982 1984 1986 1995 1999
Burned coal 70 500 700 1300 6 300 6 100
SO, S0, let 4.2 30 42 78 378 366
NOx NOx let 0.25 1.80 2.53 4.68 22.68 21.96
Soot let 21.49 153.50 214.90 399.10 1934.10 1872.70
6.0% NOx 0.36% 30.7% The mean rate of sulphur contained in the coal is 6.0% 0.36% and

30.7%  respectively
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Table 3 ¢ test results of individual standard trees of mature Chinese fir forest

t

Item Site Mean SD SEM t value SED Sig. P0.0s

Luoguta 18.5 0.680 9 0.090 2 605 0.129 0 o111 N

DBH Matianya CK 19.4 0.726 1 0.095 2 significance

_ Luoguta 15.4 0.497 1 0.065 8 1179 0.086 3 0.181 N

Height of tree Matianya CK 15.6 0.421 0 0.055 8 significance

. Luoguta 0.213 8 0.020 4 0.027 0 s 0.003 9 0.081 N

Timber volume Matianya CK ~ 0.234 8 0.0310 0.029 8 significance
LY-208-77 1978 ¥ =0.000 058 777

042 D' %31 089646157 Phe values of timber volume were calculated by the equation V = 0.000 058 777 042 D'-® 983 1 08646157 o Timber Volume Table
LY-208-77 issued by Chinese Agro-forestry Department Department Standard Issued by Chinese Agro-forestry Department 1978

4
Table 4  Growth amount of base diameter of each age group of standard Chinese fir trees cm
Age group a
5 10 15 20 25 30 35
Year range 1964 ~ 1968 1969 ~ 1973 1974~ 1978 1979 ~ 1983 1984 ~ 1988 1989 ~ 1993 1994 ~ 1998
Luoguta TK 3.27 8.34 5.73 2.60 1.44 0.98 0.59
Matianya CK 3.04 7.92 5.64 2.79 2.13 1.93 1.37
Variation rate % 7.0 5.1 1.6 -6.7 -32.3 -49.6 -57.1
* TK - CK /CKx100% The calculating equation of variation rate is TK - CK /CK x 100%
15
5 2.3
2.3.1
6 24
10 79 648 29 112
36.7%
15 17.3% 6 29
1964 35 Machilus ichangensis Acer fabri
20 Machilus lichuanensis llex macro-
carpa Cinnamomum burmanni-
i Fagus longipetiolata
Acer davidii
35 Choerospodias axillaris Castanopsts fargesii
20 Cyclocarya paliurus
15 20 Sorbus alnifolia
5 t

Table 5 Corresponding ¢ test results of annual growth of ground diameter of standard Chinese fir trees

t

Age stage Site Mean SD SEM ¢ value SD Sig. Po.ot
35 Luoguta 0.718 6 0.629 7 0.106 4 ~2 565 0.129 8 0.015 o No
35 years Matanya CK 0.774 9 0.527 4 0.089 1 significance
2 Luoguta 1.0925 0.002 1 0.134 6 1 609 0.097 3 0. 124 N
Former 20 years Matianya CK 1.057 5 0.544 8 0.1218 significance
15 Luoguta 0.222 0 0.085 0 0.022 0 No

-19.584 0.034 8 0.000 -
Latter 15 years Matianya CK ~ 0.398 0 0.079 3 0.020 5 significance
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Table 6 Damaged rates of trees along trails of the park
Ttem Huangshizhai Jinbianxi Yaozizhai Pipajie Shadaogou Yuanjiajie Total
o Tree number of sample sites 98 96 105 114 108 123 648
individual plant
Number of damaged trees
individual plant 27 38 16 12 10 9 112
Damaged rate % 27.6 39.6 15.2 10.5 9.3 7.3 17.3
40% 15 10
27.6%
9.3% 6
2.3.2
2 2.3.4
m
0.5m 112 8
97 I m
86.6% 72 0.5m
64.3% 24
1.5m
1.8%
I m I m
2.3.3
7
0.6~1.8m
3
1.2~1.6m
7
50 ~ 100
50 100
7
Table 7 Characteristics of tree scars
Orientation between scar and trail Distribution of damaged degrees Ages of scars
Item 5 10 15
Side Face Back Light Moderate Serious S years 10 years 15 years
Code 1 2 3 1 2 3 1 2 3
_ Number 19 93 0 26 54 32 10 4 56
individual plant
Rate % 17.0 83.0 0 23.2 48.2 28.6 12.5 37.5 50.0
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Table 8 Correlation test results of damaged degree and environment factors
Item Damaged degree vs DBH Damaged degree vs direction Damaged degn.ec vs roughness - Damaged degrce. vs distance
degree of tree bark to trail
slation coef- " "
. Correlation coe 0.158 0.100 ~0.737" ~0.562"
ficient R
Double
tailed probability 0.436 0.294 0.000 0.000
Result of
correlation judge No correlation No correlation Correlated Correlated
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