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Response of biomass production to human impacts in a pine forest in subtropical
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Abstract :For the past two decades, society has become increasingly aware of the problem of forest degradation. The effects of
forest degradation transcend individual countries and now impact global processes. Research on the restoration of degraded
forest has become one of the key issues in global ecology. Of particular concern are the effects of human activities on the forest
productivity and site fertility, especially as the demands for fuel and timber from tropical forests are increasing. The response
of biomass production in a Pinus massoniana forest to human impacts in subtropical China was studied in an experiment
comparing harvesting (according to local practice) and control (no harvest) plots over a ten year period of 1990 to 2000. In the
treatment plots, local people continued to harvest litter and understory according to local practice (about 2~ 3 times a year)

from the beginning of the experiment in May 1990. The harvesting according to local practice occurred during the period 1990
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~1995 after which time it was stopped. Control plots were protected from any harvesting.

In treatment plots, the total organic matter removed by this harvesting practice during 1990 to 1995 was 21. 21 t/hm?*. In
control plots, after stopping harvesting practice the understory biomass increased at an annual rate of 34 to 53 percent during
the first 5 years from 2. 23 t/hm?*to 11. 10 t/hm?*, followed by a slight decline over the remaining 5 years from 11.10 t/hm? to
9.44 t/hm? The standing stock of forest floor litter was mainly composed of understory plants and reflected the pattern of
understory biomass production. The biomass of pine trees in both treatment and control plots increased over time, although the
number of individuals of pine trees decreased. However. the biomass increment of pine trees varied depending on plots and on
years. From 1990 to 1995, the biomass increased by 38. 3% (from 81.2 t/hm?®to 112. 3 t/hm?) in control plots and was higher
than that in treatment plots (33.6% ), which increased from 98. 8 t/hm?* to 132. 0 t/hm?* From 1995 to 2000, the biomass in
control plots increased by 29.1 percent (from 112.3 t/hm?* to 145.0 t/hm®) and was lower than that in treatment plots
(32. 2%, harvesting was also stopped during 1995~ 2000), which increased from 132.0 t/hm’ to 174.7 t/hm?*. Thus, from
1990 to 1995, harvesting practice resulted in about 1. 6 percent of biomass decrease each year in treatment plots, which was
about 1. 58 t/(hm” » a) and accounted for 34 to 46 percent of total organic matter removed directly each year by this harvesting
practice.

Key words :human impact; biomass production; Pinus massoniana; degradation; restoration; Dinghushan
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1 1990~2000 ( s )

Table 1 Changes of major components of Pinus massonina forests in control and treatment plots during 1990~ 2000(Mean,SE in parentheses)

Individuals DBH Height
Year Control Tr-eatment Control Treatment Control Treatment
1990 93 115 13.67(0.59) 13.42(0.50) 6.74€0.19) 7.01€0.16)
1995 91 108 16.14(0.59) 15.80(0.57) 7.56(0.18) 7.63(0.16)
2000 89 104 18.19(0. 63) 17.71(0. 65) 8.12(0.21) 8.26(0.21)
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Table 2 Comparison of diameter at breast height increment of Pinus masoniana tree between control and treatment plots during 1990~2002

1990 1990~1995[26] 1995~2000 2000~2002
DBH increment DBH increment DBH increment D
DBH of
1990 Increment Increment Increment
Control Treatment ratio! Control Treatment ratio! Control Treatment ratioV
(cm) (cm) (cm) (cm)
5~7 2.65(0.50) 1. 05(0. 26) 2.52 3.15(1.23) 0. 98(0. 20) 3.21 0. 98¢0. 26) 0. 39(0.08) 2.51
7~9 2.07(0.39) 1.51€0.19) 1. 37 2.74(0.64) 1.37(0. 65) 2. 00 0.98(0.18) 0.55(0. 08) 1.78
9~11 3.01¢0.41) 2.54(0.39) 1.19 1. 78(0.43) 1. 67(0. 64) 1. 06 0.75(0.09) 0.67(0.12) 1.12
11~13 2.04(0.53) 1. 91(0. 32) 1.07 2.00(0.55) 1. 93(0.29) 1.04 0.60(0.15) 0.77€0.17) 0.78
13~15 2.2500.45) 2.62(0.32) 0. 86 2.13(0. 36) 2.16(0. 36) 0.99 0.75(0. 25) 0.86(0.17) 0. 87
15~17 2.08(0.37) 2.78(0.37) 0.75 1.540. 37) 2.87(0.56) 0. 54 0.75(0.12) 1.15€0. 18) 0. 65
17~19 1.14 2.38(0.51) 0.48 0. 65 0.95(0.22) 0.68
19~21 1. 73(0. 31) 2.7000.62) 0. 64 2.07(0.31) 2.20(0.63) 0. 94 0.90(0. 23) 0. 88(0.20) 1.02
21~23 2.13€0.71) 3.00(0.15) 0.71 2.14(0.61) 1.36(0.15) 1.58 0.60(0.22) 0.54(0.49) 1.11
23~25 2.21€0.43) 2.22(1.12) 1 2.06(0.63) 1.88(1.12) 1.10 0.58(0. 46) 0.75(0. 44) 0.77
25~29 1.21€0.43) 2.6000.72) 0.47 0.95(0.73) 2.20(0. 26) 0.43 0.40€0.13) 0. 88(0. 20) 0.45
* , Mean, values in parentheses are standard error; () ,
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C 5, 2000 (p=0.02, 5),

3 1990~2000 ( s )

Table 3 Changes of biomass of Pinus massoniana forest in control and treatment plots during 1990~ 2000(Mean,SE in parentheses)

Leaves Branches Bark Wood Roots Total
Year
Control Treatment Control Treatment Control Treatment Control Treatment Control Treatment Control Treatment
1990 1.98 2.41 6.57 8. 14 13.12 15. 87 45.71 55.59 13. 80 16. 80 81.18 98. 81
(0.33) (0. 25) (0. 85) (0.67) (2.39) (1.82) (7.84) (5.87) (2.33) (1.74) (13.70) (10.23)
1995 2.73 3.21 8. 01 9. 35 18.75 22.09 63.72 74.93 19. 09 22. 44 112. 30 132.02
T 0.40) (0,29 €0.95)  (0.72) (299 (2.1 (9.63)  (6.86)  (2.86)  (2.03)  (16.80)  (11.94)
2000 3. 50 4.21 9.18 10. 69 24. 95 30. 38 82. 69 99.71 24. 64 29.70 144. 96 174. 69
(0.47) (0. 38) (1.04) (0. 85) (3.57) (3.03) (11.32) (9.25) (3.35) (2.73) (19.71)  (16.08)
3
3.1 47 1000 .
*
3| *
| » . . .
s 2L e ”: . * . . .
i *
o ’ fg 1F
— 0 L 1 L L J
B o0 50 100 150 200 250
o s 25 1995
[11,12] 20 + *
’ ° i
S 15|+ *
’ 1995~ 2000 (29.1%) E .« ot - .
g 10r, A ® -
(1990~1995 ) (38.3%, 3, 0.76 g o5l o
L]
~ 0 J 1 L 1 1 pa— |
° ’ 1995~2000  ( ) ﬁ 0 50 100 150 200 250 300
(32.3%, 3 (1990~1995 ELE 50 [ 2000
.
) (33.6%, 3, %407 y= -0.0537x + 16,275
30t R =02271( p<0.05 )
0.96 s 20Le .
1990~1995 1990~ 10 F .
0 L hd i3 . ..A .l 1 Y ._I
1995 ( ) 0 50 100 150 200 250 300 3350
, 1995~2000 FrA B4 PR Biomass of trees (Yhm?)
5 1990~2000
’ ’ Fig. 5 Relationship of tree biomass and understory biomass of pine
5  (1990~1995 ) 38.3%, . .
forest in the control plots during 1990~2000
7.7%. (
) 33.6%, 6.7%C 3, ,1990~1995
4.7%, 1%. , ,1995~2000 29.1%,
32.3%, 3.2%, 0.6%, ,1990~1995
1.6%, 1.58 t/hm?,
34%~46%, , . .

[19. 21

[11, 12]
.

3.2



2 199
. ( ) (1990~1995 ) .

Lesl 11 ¢ 1990,1991.1992 1995 :41,38,34 30, s

, . , 2 ( 1990.1991.1992 1995

:36,38,41 34, 1990 5a C 20%), 5
s ,11a 38% C 4 0.20 t/(hm?+a), 11
1.17 t/(hm? » a)?,
1990 2.23 t/hm?, 1990~1995 41%,
( 7.6%, 6.7%) 33%., 20% (21 %), .
1995 . , 2000 1995 85%. ,
N o 10a s ,
References :

(1]

[2]
[3]

L4]
(5]

L6]
L7]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

FAO. Forest resources assessment 1990 survey of tropical forest cover and study of change processes. FAO Forestry Paper 130, Rome,
Ttaly, 1996.

Daily G C. Restoring value to the worlds degraded lands. Science, 1995, 269: 350~ 354.

FAO. Global forest resources assessment 2000 (FRA 2000), Results as of April 10, 2001. Available from www. fao. org/forestry/fo/
fra/index. jsp, 2001.

Zhang P C. Shao G F, Zhao G. et al. China’s Forest Policy for the 21st Century. Science, 2000, 288 2135~ 2136.

Dobson A P, Bradshaw A D and Baker A J M. Hopes for the future: Restoration ecology and conservation biology. Science, 1997, 277
515~522.

Hooper D U and Vitousek P M. The effects of plant composition and diversity on ecosystem processes. Science, 1997, 277: 1302~1305.
Hu D, XiZJ. A theoretical approach to integration principles of ecological restoration engineering. Acta Ecologica Sinica, 2002, 22(6):
866~877.

Guo X M, Niu DK, Liu Y Q,et al. The vegetation restoration and reconstruction of different types of degraded barren ecosystems in
Jiangxi. Acta Ecologica Sinica, 2002, 22(6): 878~884.

Brown S and Lugo A E. Tropical secondary forests. J. Trop. Ecol., 1990, 6: 1~32.

Brown S, Gillespie A J R and Lugo. Biomass of tropical forests in South and Southeast Asia. Can. J. For. Res., 1991, 21: 276~289.
Brown S, Lenart M, Mo ] M, et al. Structure and organic matter dynamics of a human-impacted pine forest in a MAB Reserve of
subtropical China. Biotropica, 1995, 27: 276~289.

Mo J M, Brown S, Lenart M, et al. Nutrient dynamics of a human-impacted pine forest in a MAB Reserve of subtropical China.
Biotropica, 1995, 27: 290~304.

Mo J M. Brown S, Peng S L.et al. Nitrogen availability in disturbed . rehabilitated and mature forests of tropical China. Forest Ecology
and Management, 175(3): 573~583.

Xiao X X. Studies on the nutrient characteristics of Pinus masoniana ecosystem. Journal of Fujian Forestry Science and Technology,
2000, 27(4):14~18.

Ehleringer R J, Field C B, Lin Z F, et al. Physiological responses in subtropical plants subject to different disturbance levels. Tropical
and Subtropical Forest Ecosystem, 1986, 4: 23~34.

Peng SL, Li M G, Lu Y. A primary study on the biomass and productivity of Pinus massoniana population in Dinghu Shan Biosphere
Reserve. Tropical and Subtropical Forest Ecosystem, 1989, 5: 75~82.

Mo ] M. Brown S. , Kong G H, et al. Litter decomposition and its nutrient dynamics of a pine forest in Dinghushan Biosphere Reserve.
Acta Phytoecologica Sinicas 1996, 20(6): 534~542.

Mo J M, Kong G H, Brown S, et al. Effects of litter and understory removal on soil N availability in a subtropical forest of China. Acta
Ecologica Sinicas 1997, 17(1): 109~112.

Mo J M, Kong G H, Brown S, et al. The primary study on the fine root biomass and its relationship with light organic matter in a pine
forest in Dinghushan Biosphere Reserve. Tropical and Subtropical Forest Ecosystem, 1998, 8: 163~171.

Mo J M. Brown S, Kong G H. et al. Nutrient distribution and cycling of a Masson’s pine planted forest in Dinghushan. Acta Ecologica



200 24

Sinicas 1999, 19(5): 635~640.

[21] Mo J M, Brown S, Kong G H, et al. Litterfall response to human impacts in a Dinghushan pine forest. Acta Phytoecologica Sinica .
2001, 25(6): 656~664.

[22] Mo J M, Brown S, Peng S L. et al. Role of understory plants on nutrient cycling of a restoring degraded pine forests in a MAB reserve
of subtropical China. Acta Ecologica Sinica, 2002, 22(9): 1407~1413.

[23] Hong L X, Wang Y, Du G J. et al. Restrograde characteristics of ecosystem of Pinus massoniana forest and its transformation
countermeasures. Jour. of Zhejiang For. Sci. & Tech., 2000, 20(2): 1~9.

[24] Guo Z M. Study on the ways of recover and restoration for degraded community of Pinus massoniana. Jour. of Zhejiang For. Sci. &.
Tech. , 2000, 25(6): 1~3.

[25] Huang Z F, Fan Z G. The climate of Ding Hu Shan. Tropical and Subtropical Forest Ecosystem, 1982, 1: 11~13.

[26] Kong G H, Mo J M. Plant population dynamics of a human-impacted Masson pine plantation in Dinghushan. Journal of Tropical and
Subtropical Botany, 2002, 10(3): 193~200.

[7] s . . , 2002, 22(6): 866~877.

[8] , , y . . , 2002, 22(6): 878~884.

[14] . . , 2000, 27(4): 14~18.

[15] Ehleringer R J, Field C B, , . . , 1986, 4: 23~
34.

[16] s s . . s 1989, 5. 75~82.

[17] , Brown S, ’y . . , 1996, 20(6): 534~542.

[18] ) ,Brown S, . . . 1997, 17(1): 109
~112.

[19] s ,Brown S, . . . 1998, 8.
163~171.

[20] ,Brown S, , . . , 1999, 19(5): 635~640.

[21] ,Brown S, y . . , 2001, 25(6): 656~664.

[22] ,Brown S, P . , 2002, 22(9): 1407~1413.

[23] s s s . . ,2000, 20(2): 1~9.

[24] . . , 2000, 25(6): 1~3.

[25] . . . , 1982, 1: 11~13.

[26] , . . , 2002, 10(3): 193~200.



