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Abdgract Over the pag two decades, ociety has become increasngy aware of problems of fores degrada
tion. The dfects of fores degradation transcend individua ocountries and now inpact goba proceses. Re
search on the redoration of degraded foreds has become a key issue in gobd ecology. O particular concern
are the dfectsof human activities on foregt productivity and dtefertility , epecidly as the demandsfor fud and
timber from tropica foregsincrease. Renmoval and burning of biomass causes nutrient losses and changes to the
il’ sphydca and chemica characteridics. The anount of nutrient loss depends on the intendty of the activi-
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ties, locad environmentd factors, and the type and successond gdate of the fores. If nutrient losses cannot be
recovered during regrowth , foreds often become degraded through time. Thus, it isinmportant that the nutrient
dynamics of human-inpacted forests are well understood in order to develop plans for redoration of degraded
foregts and for sudainable fores management.

Mog of the primary tropica foregs in southern China have been degraded by human activities during the
pag severa hundred years. Factorsleading to their degradation include: timber harveging , unsugtainable agri-
culture , overgrazing by domedtic animals, and intendve harveding for fud . In extreme cases, the land has ber
come conpletely denuded. Attenpts to reverse this process of land degradation have been initiated in this re
gon of outhern China. Over the lag few decades, large areas have been reforeged with a néative pine ecies,

Pinus massoniana, to prevent further degradation to the landscgpe. Cutting of trees is now prohibited, but
harveding of the undergory and collection of litter is ill alowed to satidy locd fud needs. Gonpared with
whole-tree harveds, this practice renoves less biomass from the foress; however , as the underdory and litter
are relatively nutrient-rich , this practice may dow or prevent the recovery of il fertility and productivity of
these fores ecosygems. The objective of this sudy was to determine the dfects of harveding underdory plant
goecies and litter on nutrient accumulation dynamics in a Pinus massoniana fores of subtropica China. The
results are used to address the following questions: 1) How are nutrients digtributed in plants of this pine for-
es; 2) What quantity of nutrients are renoved annualy from the ecosysem by the practice; 3) Isthis harvest-
ing practice sugtainable or not ; 4) What aternative management options are available for continued use to meet
fuel needs while a the same time improving dte fertility , productivity and regeneration processes; and, 5)
How do dressed ecosysems regpond when the sresors are renmoved , that is, how would the fores regpond if
the harveding practice was sopped.

In order to achieve the objectives alove , an experiment was edablished in a MAB reserve of subtropical
Chinain May 1990. The experiment was a paired-plot desgn with 20 replicates. Each pair condged of a
treatment (continued harvest) and control (no harvest) plot , 10 mx 10 min Sze and surrounded by a 10 m
wide bufer grip. In the treatment plots, loca people continued to harved litter and undergory plants accord
ing to loca practice (about 2 - 3 times a year) from the beginning of the experiment in May 1990. The har-
veding according to loca practice occurred during the period of 1990 to 1995 and was dopped ter thistime.
Gontrol plots were protected from any harveging. Each st of paired plots was dmilar in il , dope, apect ,
and devation. In thispgper we report only the resultsof nutrient dynamics and its regponses to human inpacts
over a ten-year period from 1990 to 2000.

In treatment plots, the total quantity of nutrients renoved in the understory by this harvesing practice
from 1990 to 1995 was: 132.72 kgN-hm™ 2, 4.72 kg P-hm™ 2, 63.32 kg K- hm™ 2, 23.51 kg Ca- hm™ 2and
7.00 kg Mg- hm™ 2. The totd quartity of nutrients renoved as litter from the foregt floor was: 48. 93 kg N-
hm %, 1.85 kg P-hm™?, 17.28 kg K- hm™?, 19. 25 kg Ca- hm™ ? and 2. 92 kg Mg- hm™ 2. In control plots,
dter sopping harveding practices, the nutrient ganding sock for both the undergory and fores floor litter inr
creased a an annua rate of 37 to 41 percent during thefirg 5 years, followed by a dight decline (annud rate
o 14 %) over the remaining 5 years. In treament plots, the nutrient standing sock of the undergory increased
a an annua rate of 17 percent followed by a larger increase (26 %) over the remaining 5 years. However , the
nutrient sanding gock of the foreg floor litter increased at an annud rate of 22 to 23 percent during thefirg 5
years, followed by a larger increase (28 %) over the remaining 5 years. The nutrient sanding stock of pine
trees increased depending on plots and on years. From 1990 to 1995, the nutrient ganding sock of pine trees
increased by 34. 9% to 38. 1% in control plots and was higher than that in treatment plots (29. 3% to
33.5%) . From 1995 to 2000, the nutrient standing sock of pine treesin control plotsincreased by 26.3 % to
28. 9 % and was lower than that in treatment plots (28.8 %to 32. 1 %) . Thus, from 1990 to 1995, harvesting
practices resulted in about 1.58to 1. 72 percent (1.60N, 1.72 P, 1.58 K, 1.64 Ca and 1. 60 Mg percent ,
regectivly) of nutrient standing sock decrease in treatment plots each year , which was about 0. 12 to 2. 39
kg-hm % a '(2.39N,0.12 P, 0.77 K, 1.98 Caand 0.29 Mg kg- hm % a™*, repectively) and acoount-
ed for 6 to 19 percent of total nutrients removed directly by this harveding practice each year.

The results from this gudy corfirm that the ste productivity in this pine fores was low primarily due to
the exiging harveding practice. Harveding the underdory and litter not only renoved the nutrients directly but
a o increasxed the potentia for nutrient loss. The amount of nutrient loss by this harves practice exceeded nu
trient inputsfrom atmogpheric depostion , and therefore the sysem was unsugtainable. An aternative sysem of
tree harvest , combined with undergtory and litter remova (but lessfrequent) , was proposed as a nore dficient
method of fuel production. This method would alow the il organic metter , il fertility , and tree regeneration
to improve while at the same time emit less green house gases to the atnogphere conpared to fosdl fue comt
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1 (g-kg™?
Table 1 Nutrient concentration in conponent of a pine foreg in Dinghushan
Nutrients
Qorrponents N P K Ca Mg
Qontrol
Trees
Needes 13.90 (0. 10) 0.73 (0.02) 4.29 (0.10) 2.61 (0.10) 0.66 (0.02)
Branches” 1.82 0.08 0.72 1.98 0.32
Bark 5.46 (0.39) 0.20 (0.03) 0.60 (0.11) 3.13 (0.28) 0.28 (0.03)
Wood 0.91 0.04 0.36 0.99 0.16
Undersiory 8.30 (0.20) 0.29 (0.02) 4.57 (0.13) 2.49 (0.18) 0.57 (0.03)
Litter 7.63 (0.20) 0.22 (0.01) 1.48 (0.09) 2.04 (0.18) 0.35 (0.02)
Treatment
Trees
Needes 13.30 (0.18) 0.79 (0.02) 4.23 (0.16) 2.54 (0.13) 0.71 (0.03)
Branches” 1.70 0.08 0.76 2.06 0.32
Bark 5.25 (0.18) 0.20 (0.02) 0.62 (0.10) 2.99 (0.15) 0.30 (0.02)
Wood 0.85 0.04 0.38 1.03 0.16
Undersiory? 8.72 (0.34) 0.31 (0.01) 3.69 (0.16) 2.85 (0.16) 0.55 (0.03)
Litter? 8.21 (0.32) 0.31 (0.01) 2.90 (0.13) 3.23 (0.16) 0.49 (0.03)
1) ( , 1994) Qoncentration assumed to be twice of wood (Mo & al. , 1994) 2) 1990 1995 Mean of
1990 - 1995 SE in parentheses
1990 ( ) 1995 2.2.1.2
2000 ( 2 ,
N 1990 1995 2000 ,
0.86 0.90 0.88;P ( 2 3) 1990 1995 ,
0.78 0. 83 0.82 ,1990 1995 34.9% 38.1%, , K
(38.1%,
, 2000 2.92kg-hm %a ) N (34.9%,
1995 8.98 kg-hm %.a %) ;
, 29.3% 33.5%, K
( 2% (33.5%, 3.24kg-hm %.a”) N
51%, 2), (29.3%, 8.75
kg-hm %.a 1) 1990 1995 ,
> > > (N) > > (P NPKC Mg ,
> (K > > > (Ca) > (
> (Mg , ):5.55.94.750 4.9
) 1995 2000
( 26.3% 28.9%, , K
2) N , 1990 1995 (28.9%, 3. 06 kg-
2000 32% 33% 34 %( hm % a 1) N (26.3%, 9.13
) ; 3 kg hm™2-a™ %) ;
28 % 25% 23 %( ) 29% 25% 28.8% 32. 1%, , K
23 %( ) (32.1%, 4.16 kg-hm %-a™ ') N
, (28.8 %, 11.10 kg
hm %a b 1995 2000 , 1990
( 2 Ca>N > K>Mg 1995 , N P
> P; N> K> Ca>Mg=P; N>Ca>K>Mg KCa Mg ,
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2 1990 2000
Table 2 Nutrient ganding gocks of tree conponentsin a pine fores of Dinghushan
N P K Ca Mg
(ka-hm"2)
Gortrol
1990
Needes 27.52 (4.58) 1.45 (0.24) 8.49 (1.42) 5.17 (0.86) 1.31 (0.22)
Branches 23.88 (4.35) 1.05 (0.19) 9.45 (1.72) 25.98 (4.73) 4.20 (0.76)
Bark 35.87 (4.64) 0.31 (0.17) 3.94 (0.51) 20.56 (2.66) 1.84 (0.24)
Wood 41.60 (7.13) 1.83 (0.31) 16.46 (2.82) 45.25 (7.76) 7.31 (1.25)
Totd 128.87 (20.71) 5.46 (0.92) 38.34 (6.47) 96.96 (16.02) 14.66 (2.48)
1995
Needes 37.95 (5.56) 1.99 (0.29) 11.71 (1.72) 7.13 (1.04) 1.80 (0.26)
Branches 34.13 (5.44) 1.50 (0.24) 13.50 (2.15) 37.13 (5.92) 6.00 (0.96)
Bark 43.73 (5.19) 0.32 (0.19) 4.81 (0.57) 25.07 (2.97) 2.24 (0.27)
Wood 57.98 (8.76) 2.55 (0.39) 22.94 (3.47) 63.08 (9.53) 10.20 (1.54)
Totd 173.79 (24.95) 7.64 (1.11) 52.96 (7.91) 132.40 (19.47) 20.24 (3.03)
2000
Needes 48.65 (6.53) 2.56 (0.34) 15.02 (2.02) 9.14 (1.23) 2.31 (0.31)
Branches 45.41 (6.50) 2.00 (0.29) 17.96 (2.57) 49.40 (7.07) 7.98 (1.14)
Bark 50.12 (5.68) 1.84 (0.21) 5.51 (0.62) 28.73 (3.26) 2.57 (0.29)
Wood 75.25 (10.30) 3.31 (0.45) 29.77 (4.08) 81.86 (11.21) 13.23 (1.81)
Totd 219.43 (29.01) 9.69 (1.29) 68.26 (9.29) 169. 13 (22.76) 26.09 (3.56)
Trestment
1990
Needes 32.05 (3.33) 1.90 (0.20) 10.19 (1.06) 6.12 (0.64) 1.71 (0.18)
Branches 26.98 (3.09) 1.27 (3.09) 12.06 (1.38) 32.69 (3.75) 5.08 (0.58)
Bark 42.74 (3.52) 1.63 (3.52) 5.05 (0.42) 24.34 (2.00) 2.44 (0.20)
Wood 47.25 (4.99) 2.22 (0.29) 21.12 (2.23) 57.26 (6.05) 8.89 (0.94)
Totd 149.27 (14.93) 7.03 (0.71) 48.43 (5.09) 120.72 (12.43) 18.13 (1.90)
1995
Needes 42.69 (5.32) 2.54 (0.32) 13.58 (1.23) 8.15 (0.74) 2.28 (0.28)
Branches 37.55 (3.69) 1.77 (0.17) 16.79 (1.65) 45.51 (4.47) 7.07 (0.69)
Bark 49.09 (3.78) 1.87 (0.14) 5.80 (0.45) 27.96 (2.15) 2.81 (0.22)
Wood 63.69 (5.83) 3.00 (0.39) 28.47 (3.66) 77.18 (7.07) 11.99 (1.10)
Totd 193.02 (17.16) 9.17 (0.82) 64.64 (5.93) 158.79 (14.43) 24.14 (2.21)
2000
Needes 55.99 (5.05) 3.33 (0.30) 17.81 (1.61) 10.69 (0.97) 2.99 (0.27)
Branches 51.56 (5.15) 2.43 (0.24) 23.09 (2.30) 62.58 (6.24) 9.72 (0.97)
Bark 56.12 (4.46) 2.14 (0.17) 6.63 (0.53) 31.96 (2.54) 3.21 (0. 26)
Wood 84.75 (7.86) 3.99 (0.37) 37.89 (3.52) 102.70 (9.53) 15.95 (1.48)
Tota 248.52 (22.53) 11.88 (1.08) 85.41 (7.95) 207.94 (19.28) 31.87 (2.97)
SE in parentheses
):2.52.73.23.2 3.1( 2, 3 , (kg- hm 2-a ') :13.39 (N) 0.47 (P) 6.44 (K)
4.02 (Ca) 0.92 (Mg), 4);
37% 38 %( (kg-hm %.a %) : 14.08
(N) 0.41 (P 2.73 (K) 3.76 (Ca) 0.65 (Mg) ,
2.2.2 4) ,
2.2.2.1 1995 2000 :
1990 : 14%( 4 ,
. 1995 ' (kg- hm” 2.ah):2.50
( 4 1990 1995 (N) 0.09 (P 1.43 (K) 0.78 (Ca) 0.53 (Mg) ;
39% 41 %( (kg-hm 2a 1 :2.95 (N) 0.09 (P)

0.57 (K) 0.79 (Ca) 0.13 (Mg
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3 1990 2000
Table 3 Annud increment of nutrient ganding gocks of tree conponent in control and treatment plots during 1990 - 2000
N P K Ca Mg
(kg-bm 2a" 1
Gortrol
1990 1995
Needes 2.09 (0.19) 0.11 (0.01) 0.64 (0.06) 0.39 (0.04) 0.10 (0.01)
Branches 2.05 (0.22) 0.09 (0.01) 0.81 (0.09) 2.23 (0.24) 0.36 (0.04)
Bark 1.57 (0.11) 0.06 (0.00) 0.17 (0.01) 0.90 (0.06) 0.08 (0.01)
Wood 3.28 (0.33) 0.14 (0.01) 1.30 (0.13) 3.57 (0.35) 0.58 (0.06)
Totd 8.98 (0.85) 0.40 (0.04) 2.92 (0.29) 7.09 (0.69) 1.12 (0.11)
1995 2000
Needes 2.14 (0.19) 0.11 (0.01) 0.66 (0.06) 0.40 (0.04) 0.10 (0.01)
Branches 2.26 (0.21) 0.10 (0.01) 0.89 (0.08) 2.46 (0.23) 0.40 (0.04)
Bark 1.28 (0.10) 0.05 (0.00) 0.14 (0.01) 0.73 (0.06) 0.07 (0.01)
Wood 3.45 (0.31) 0.15 (0.12) 1.37 (0.12) 3.76 (0.33) 0.61 (0.05)
Totd 9.13 (0.81) 0.41 (0.04) 3.06 (0.298) 7.35 (0.28) 1.17 (0.11)
Treatment
1990 1995
Needes 2.13 (0.11) 0.13 (0.01) 0.68 (0.03) 0.41 (0.02) 0.11 (0.11)
Branches 2.11 (0.12) 0.10 (0.01) 0.95 (0.05) 2.56 (0.14) 0.40 (0.02)
Bark 1.27 (0.05) 0.05 (0.00) 0.15 (0.01) 0.72 (0.03) 0.07 (0.00)
Wood 3.29 (0.17) 0.15 (0.01) 1.47 (0.08) 3.98 (0.20) 0.62 (0.03)
Tota 8.80 (0.45) 0.43 (0.02) 3.24 (0.02) 7.68 (0.40) 1.20 (0.06)
1995 2000
Needes 2.66 (0.24) 0.16 (0.01) 0.85 (0.08) 0.51 (0.05) 0.14 (0.01)
Branches 2.82 (0.29) 0.13 (0.01) 1.26 (0.13) 3.42 (0.35) 0.53 (0.06)
Bark 1.41 (0.14) 0.05 (0.01) 0.17 (0.02) 0.80 (0.08) 0.08 (0.01)
Wood 4.21 (0.41) 0.20 (0.02) 1.88 (0.18) 5.10 (0.49) 0.79 (0.08)
Totdl 11.10 (1.07) 0.54 (0.05) 4.16 (0.40) 9.83 (0.97) 1.55 (0.15)
SE in parentheses
4 1990 2000
Table 4 Nutrient accumulaions in undergory and floor litter of control plots during 1990 - 2000
N P K Ca Mg
Year (kg hm™?)
Living undergory
1990 18.51 (1.08) 0.65 (0.04) 10.19 (0.59) 5.55 (0.32) 1.27 (0.07)
1991 28.47 (1.66) 0.99 (0.06) 15.68 (0.91) 8.54 (0.50) 1.96 (0.11)
1992 39.34 (2.08) 1.37 (0.07) 17.49 (1.14) 11.80 (0.62) 2.70 (0.14)
1993 52.87 (2.66) 1.85 (0.09) 21.66 (1.46) 15.86 (0. 80) 3.63 (0.18)
1995 91.30 (6.23) 3.19 (0.22) 50.27 (3.34) 27.39 (1.87) 6.27 (0.43)
2000 78.35 (18.92) 2.74 (0.66) 43.14 (10.42) 23.51 (5.68) 5.38 (1.30)
+ Litter and dead undergory
1990 22.66 (1.83) 0.65 (0.05) 4.40 (0.36) 6.06 (0.49) 1.04 (0.08)
1991 35.25 (3.13) 1.02(0.09) 6.84 (0.61) 9.42 (0.84) 1.62 (0.14)
1992 41.81 (2.75) 1.21 (0.08) 8.11 (0.53) 11.18 (0.73) 1.92(0.13)
1993 55.39 (5.88) 1.60 (0.17) 10.74 (1.14) 14.81 (1.57) 2.54 (0.27)
1995 102.55 (11.52) 2.96 (0.33) 19.89 (2.23) 27.42 (3.08) 4.70 (0.53)
2000 87.82 (6.33) 2.53 (0.18) 17.03 (1.23) 23.48 (1.69) 4.03(0.29)
SE in parentheses
2.2.2.2 5) ,
,1990

1995
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1990 1995 4,72 (Ca) 0.72 (Mg , 5 ,
17 %( (kg-hm 2%.a ') :1.48 , 1990 1995
(N) 0.05 (P 0.63 (K) 0.49 (Ca) 0.09 (Mg) , ;1995 2000 (
5, (1995 2000 ) 26 % ( )
(kg-hm 2-a”') :11.34 (N) 0.40 (P) 4.80 2.3
(K) 3.70(Ca) 0.72(Mg) , 5) , 1990 1995 ,
22 %
23 %( (kg-hm %-a ') :0.83 (N) ( 6) N ,
0.03(P) 0.29 (K) 0.32 (Ca) 0.05 (Mg), 5), 132.72 kg- hm™ 2, 22.15 kg- hm™ 2.
(1995 2000 ) 28 %( al; 48.93 kg- hm™ 2,
(kghm 2a )  :12.00 (N) 0.45 (P) 4.24 (K) 8.31kg-hm 2-a™!;
5 1990 2000
Table 5 Nutrient accumulations in undersory and floor litter of control plots during 1990 - 2000
N P K Ca Mg
Year (kg-hm™?)
Living underdory
1990 7.9 (1.57) 0.28 (0.06) 3.36 (0.66) 2.59 (0.51) 0.50 (0.10)
1991 8.11 (0.44) 0.29 (0.02) 3.43 (0.18) 2.65 (0.14) 0.51 (0.03)
1992 8.02 (0.35) 0.29 (0.01) 3.39 (0.15) 2.62 (0.11) 0.51 (0.02)
1993 12.47 (0.52) 0.44 (0.02) 5.28 (0.22) 4.08 (0.17) 0.79 (0.03)
1995 15.26 (0.61) 0.54 (0.02) 6.46 (0.26) 4.99 (0.20) 0.96 (0.04)
2000 71.94 (10.12) 2.56 (0.36) 30.44 (0.48) 23.51 (3.31) 4.54 (0.64)
+ Litter and dead undergory
1990 8.78 (0.66) 0.33 (0.02) 3.10 (0.23) 3.46 (0.26) 0.52 (0.04)
1991 20. 44 (2.59) 0.77 (0.10) 7.22 (0.91) 8.04 (1.02) 1.22 (0.15)
1992 13.55 (1.35) 0.51 (0.05) 4.79 (0.48) 5.33 (0.53) 0.81 (0.08)
1993 11.21 (1.23) 0.42 (0.05) 3.96 (0.44) 4.41 (0.48) 0.67 (0.07)
1995 19.46 (2.71) 0.73 (0.10) 6.87 (0.96) 7.66 (1.07) 1.16 (0.16)
2000 72.99 (7.14) 2.76 (0.27) 25.78 (2.52) 28.71 (2.81) 4.36 (0.43)
SE in parentheses
6 1990 1995
Table 6 Nutrient removed by harveding undergory and floor litter in the trestment plots during 1990 - 1995
N P K Ca Mg
Year (kg hm"?)
Undergory
1990 20.32 (0.96) 0.72 (0.03) 9.69 (0.46) 6.64 (0.31) 1.07 (0.05)
1991 20.84 (1.13) 0.74 (0.04) 9.94 (0.54) 6.81 (0.37) 1.10 (0.06)
1992 20.58 (0.96) 0.73 (0.03) 9.82 (0.46) 6.73 (0.31) 1.09 (0.05)
1993 32.00 (1.40) 1.14 (0.05) 15.27 (0.67) 10. 46 (0. 46) 1.69 (0.07)
1995 39.24 (1.48) 1.40 (0.05) 18.72 (0.71) 12.83 (0.49) 2.07 (0.08)
Totd 132.72 (5.93) 4,72 (0.21) 63.32 (2.83) 23.51 (3.31) 7.00 (0.31)
Annua 22.15 (0.96) 0.79 (0.03) 10.57 (0. 46) 7.24 (0.31) 1.17 (0.05)
Litter
1990 5.83 (0.99) 0.22 (0.04) 2.06 (0.35) 2.29 (0.39) 0.35 (0.06)
1991 13.63 (1.72) 0.51 (0.07) 4.81 (0.61) 5.36 (0.68) 0.81 (0.10)
1992 9.03 (0.90) 0.34 (0.03) 3.19 (0.32) 3.55 (0.36) 0.54 (0.05)
1993 7.47 (0.82) 0.28 (0.03) 2.64 (0.29) 2.94 (0.32) 0.45 (0.05)
1995 12.97 (1.81) 0.49 (0.07) 4.58 (0.64) 5.10 (0.71) 0.77 (0.11)
Totd 48.93 (6.24) 1.85 (0.24) 17.28 (2.20) 19.25 (2.45) 2.92 (0.37)
Annua 8.13 (1.07) 0.31 (0.04) 2.87 (0.38) 3.20 (0.42) 0.49 (0.06)

SE in parentheses
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N 181. 65 kg- hm™ 2,
26.9 % P ,
4.72 kg hm™ 2, 0.79 kg-hm %-a™ *;
1.85 kg- hm™ 2,
0.31 kg-hm % a™*; P
6.57 kg-hm™ 2, 28.2%
N,

26.15 52.21 kg-hm 2a’ !,

( N 30.32 kg- hm™%-a™ %)
1995
1994 ( 6

1990 1995
1995
( 5
(
) :

(kg- hm™?) :216.36 (N) 7.85 (P) 93.93 (K)
55.40 (Ca) 12.04 (Mg) ( 5, 6)

(1995 )
(kg- hm™?) :193.85 (N) 6.15 (P) 70.16
(K) 54.81 (Ca) 10.97 (Mg) ( 4) ,
, (1990 )
1990
(kg- hm™2) :41.17 (N) 1.30 (P) 14.59 (K)
11.61 (Ca) 2.31 (Mg) (  4) ; (kg

hm"?) :42.87 (N) 1.55 (P) 18.21 (K) 10.09 (Ca)
2.44 Mg) (5, 6) ,

3.1
70 8

10 30 : (kg
hm 2 :122 1370 (N) ,7 216 (P) 55 709 (K) ,

65 565 (Ca) (Enunjobi & Bada, 1979; Sewart & Kel-

men, 1982; Das & Ramekrishnan, 1987; Kadeba,
1991 ; Lugp , 1992) :
, (Enunr
jobi & Bada, 1979) ,
30 ,
(kg- hm™?) :874.1 (N) ,30.9 (P) ,392.1
(K) ,244.2 (Ca) 170.1 (Mg) ( , 1989)
20 30
(kg-hm™?) :81.9 133.26 (N) ,20.52
31.51 (P) ,35.83 82.66 (K),89.71 138.43
(Ca) 28.48 48.94 (Mg) ( , 1993)

3.2
1990 1995

(kg-hm™%-a 1) :30.28 (N)

1.10 (P) 13.44 (K) 10.44 (Ca) 1.66 (Mg) (
6) 1990

8.65% 20.299%(20.29% (N) 15.65% (P)

27.75% (K) 8.65% (Ca) 9.16% (Mg) , 2),

1.36 4.15
4.15 (K) 1.36 (Ca)
1990 1993

0.94 4.70 (1.91 (N) 1.75 (P)
4.70 (K) 1.73 (Ca) 0.9 (Mg) ( ,
2001)) , N

N  (20.63 kg- hm™?) |
Ca (PCa Mg3
:1.01 46.33  3.51 kg- hm™ ?(
, 2002)) ,

(3.44 (N) 2.56 (P)
1.38 (Mg) , 3),

3.3

3.2 ,
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L 7 1
) 1.27
) (N) 1.52(P 8.56(Ca) 1.69(Mg)
, 45.95% 53.89% ,
7 1
, , 37.97 kg-hm %a'*',
, (18.51 kg-hm 2-a™) 2.05
, Ca (3.2 ), N
(.50 )
(1' m ) L L
(P0.42 :Mg0.91 ),
, ,Ca N
L] yMg ) P
( , 2002) (17.98 kg hm %a ) 2.11
, N P Ca Mg ( ):154
( 0.90 0.98 1.16, (
: ) )
Table 7 Biogeochemica cycling in a pine fores ecosygem in Dinghushan
N P Ca Mg Total
Processes of cycling (kg: hm~?)
1) Input by rairfal 20.63 1.02 46.33 3.51 71.49
2) Throughfal 1.41 0.53 46. 42 1.04 49.40
3) Senflow 0.01 0.00 0.48 0.02 0.51
4) Leaching by throughfal and genflow 1.4 0.53 46.90 1.06 49.90
5) Output via runoff 7.12 0.63 23.64 2.13 33.52
6) Accumudl ation of ecosygem 13.51 0.39 22.69 1.38 37.97
Qontrol
7 Rant absorption 25.22 1.60 12.50 3.59 42.91
8) Return by litters 16.24 0.67 5.41 2.08 24.40
9 Rart retention 8.98 0.93 7.09 1.51 18.51
10) Input to il 38.28 2.2 98. 64 6.65 145.79
11) Output from il 32.34 2.23 36.14 5.72 76.43
12) Accumuetion in the il 5.94 -0.01 62.50 0.93 69. 36
Treatment
13) Rant abomtion 24.6 1.05 13.65 2.9 42.26
14) Return by litters 9.51 0.38 3.62 1.06 14.57
15) Rart retention 8.75 0.43 7.61 1.19 17.98
16) Input to oil 31.55 1.93 9. 85 5.63 135.96
17) Output from il 31.72 1.68 37.29 5.09 75.78
18) Accumultion in the soil - 0.17 0.25 59.56 0.54 60.18
4) =2) +3);6) =1) - 5) ;10) =1) +4) +8) ;11) =5) +7) ;12) =10) - 11) ;14)60% ,40 % O to-

tal litterfal , 60 percent was returned to the il and 40 percent was renoved by harvegting practice (Brown et al. , 1995; Mo e al. , 1995) ; 16) =1) +4) +

14) ;17) =5) +13) ;18) =16) - 17) 1) 6):
was cited from Mo & al. , 2001

, 2002 , Data was cited from Mo e al. , 2002;8) :

, 2001, Data
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'N @ 1 P Mg
t 1 (
, 1.64 (Ca)
, ( N hm % a1 :2.39 (N) 0.12 (P) 0.77 (K) 1.98
Ca ), (Ca) 0.29 (Mg) ,
1 1 6%
7 1
P , (Brown et al. , 1995; Mo e al. , 1995) ,
H N H t 1
N
1 ( N
) (Brown et al. , 1995; Mo et al. , 1995)
, 3.5
( , 1997) :
N N
N (
, 1996) :
( , 2001) .
3.4 1)
? (
1990 1995

34.9% 38.1%,
29.3% 33.5%( 2, 3)
1990 1995 NPKGC Mg

( ) 5.55.94.75.0
4.9 1995 2000 , )

26.3% 28.9%, (Brown , 1996)
(LPG
(Brown, 1996)

28.8% 32.1%( 2, 3) 1990
1995 11995 2000 2.6t
NPKGC Mg :

108 t 0O, (RWEDP, 1995)

( ):2.52.73.23.2 3.1( 2, 3 ,

1990 1995 1995 2000 g (1P=10") ,

, 1990 1995
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1990 '

(kg- hm?) :149.27 ( N) , 7.03 (P) , 48.43 (K) ,

120.72 (Ca) 18.13 (Mg) ,
( , )
(2% 46%) , P P
46 %
( ( )
),
4
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