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ABSTRACT 

 The cumulative effects of previous massive deforestation can have catastrophic 
consequences, particularly flash floods and landslides in every rainy season from May to October. 
Without any restoration, abandoned land will never develop into forest. To recover degraded 
land, fast-growing native tree species like pine (Pinus kesiya) have been widely planted in the 
Imperata grasslands at the head of the watersheds in the northern part of Thailand. Therefore, this 
study aimed to investigate: (i) the floristic composition after 40 years of forest watershed 
rehabilitation, and (ii) the recovery period for forest watershed rehabilitation. The data were 
gathered through vegetation surveys conducted at various ages in pine (Pinus kesiya) 
reforestation stands and the nearby natural hill evergreen forest as a control area. Non-linear trend 
analysis was applied to forecast the natural watershed recovery period. 
 After 40 years, the tree parameters in terms of species richness, Shannon-Wiener 
diversity index, total basal area, tree density and IVI were highly variable. The planted stands had 
no clear age-structure distribution and most of the planted trees were found in the 14.5-24.5 and 
24.5-34.5 cm DBH classes. Native tree species had established in the lowest class of 4.5-14.5 cm 
DBH within the clumped distribution of Raunkier class A and class B. The period required for the 
rehabilitation of degraded land through natural watershed recovery was estimated to be about at 
least 84-153 years. 
 
Keywords: degraded forest, watershed rehabilitation, floristic composition, non-linear 
 trend analysis, recovery period 
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INTRODUCTION

 The recovery of a natural forested 
wa te r shed  needs  qu i t e  a  long  pe r iod . 
Furthermore, this requirement does not 
coincide with the five-year periods used in 

Thailandû s National Social and Economic 
Development Plan, as ecological processes 
need to be fully restored over a long time 
span. The short-term recovery of ecosystem 
functions usually will not be apparent, except 
for the physical appearance of newly planted 
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trees on the degraded land. The long-term 
recovery of natural watersheds will be a 
challenge to ensure securing quality of life for 
every citizen of the Kingdom. The reduction 
in natural forested watershed, due to an 
endless cycle of poverty or for whatever 
reason,  has  g iven  r i se  to  ever-grea ter 
ecological instability through: increasing soil 
erosion and desertification; a growing water-
shortage; the extinction of plant and animal 
species; climatic changes; and other severe 
discontinuities that are rapidly making 
Thailand less habitable. These cumulative 
effects of earlier massive deforestation have 
catastrophic consequences in every rainy 
season from May to October. Recently, on 
September 20, the Minister of Public Health 
announced that 14 people had been swept 
away by flash floods that had hit 36 provinces 
in Thailand over the previous nine days 
(Associated Press, 2008). It was also reported 
tha t  839 ,000  people  were  a f fec ted  by 
consequential flooding at a cost of 353 million 
baht. Agricultural areas and fisheries were 
devastated with about 50,000 rai (8,000 ha) 
and 9,023 rai (1,444 ha), respectively, affected, 
costing approximately 600 million baht and 
55 million baht respectively (Khaosod, 2008). 
 In late successional forests, small-
scale disturbance, caused by tree falling, 
provides gaps in which early successional 
species (pioneer species) can fulfill their 
growth cycle. At the other extreme, fire, clear 
cutting and shifting cultivation usually result 
in much larger areas of degraded land. In 
addition, if disturbance is frequent through 
continued human interference, the land will 
consist solely of Imperata grasses. (Mackinnon 
et al., 1996; Richards, 1996). Such abandoned 
grassland might also recover from disturbance, 
but only after human pressure has ceased and 
after a long period of time (Mackinnon et al., 
1996; Finegan, 1996). 
 In general, natural succession in 

abandoned pastureland is a very slow process 
(Aide et al., 1995; Chapman and Chapman, 
1996). Natural succession in deforested and 
abandoned land is dependent on the previous 
land use pattern (Uhl et al., 1988, Aide and 
Cavelier, 1994), soil seed-bank depletion due 
to repeated burning (Nepstad et al,. 1991) and 
the non-attraction of frugivores, which bring 
the seeds of native, tropical rainforest species 
to these areas (Duncan and Chapman, 1999). 
Natural  succession may occur in a few 
instances due to changes in microenvironment 
(Brown and Lugo,  1994).  Without  any 
restoration,  abandoned land will  never 
develop into forest. To recover the degraded 
land, forest rehabilitation using fast-growing, 
native, pioneer species like Pinus kesiya has 
been widely pract iced in the degraded 
watersheds of northern Thailand. Therefore, 
research on the recovery period of a natural 
watershed after forest rehabilitation in the 
highlands would provide extremely valuable 
information for future land management and 
conservation, especially in tropical areas, like 
Thailand, where the mountainous, forested 
watershed functions as a water tower supply 
to all sectors of the nation. The objectives of 
this study were to investigate: (i) the floristic 
composition after 14 to 40 years of forest 
watershed rehabilitation in northern Thailand; 
and  ( i i )  the  recovery  per iod  of  fo res t 
watershed rehabilitation. It is expected that the 
research findings will provide some lessons to 
help address the challenge of watershed 
development and its long term restoration. 

MATERIALS AND METHODS

Study Site  
 T h e  K h u n  K h o n g  W a t e r s h e d 
Research Station is located between longitude 
98o43′ and 98o54′E and latitude 19o20′-
19o38′ N in Chiang Mai province, Thailand 
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Figure 1 The study sites in Khun Khong Watershed Research Station, Chiang Dao  
 district, Chiang Mai province, northern Thailand.
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(Figure 1.). Elevation ranges from 1200 to 
1700 m amsl. The mean annual rainfall is 
1985 mm mainly occurring during May to 
October. The mean annual temperature, 
relative humidity and evaporation is 19.48oC, 
87.38% and 1,729.92 mm, respectively. 
Physical soil properties in terms of bulk 
densi ty,  part ic le  densi ty,  porosi ty and 
maximum water holding capacity are 0.86-
1.07 gm/cm3,  2.45-2.59 gm/cm3 36.44-
58.38%, and 49-55.01%, respectively. The 
chemical soil properties are highly acidic with 
very high organic matter, high potassium, 
l o w - m i d d l e  c a l c i u m  a n d  l o w - m i d d l e 
magnesium levels of 3.55-6.43%, 147-283 
ppm, 197-1,215 ppm and 96-284 ppm, 
respectively.  
 
Vegetation 
 Originally, the study site was covered 
with hill evergreen forest but was cleared 
approximately more than 50 years previously, 
to provide land for cultivation of upland rice, 
vegetables, maize, potatoes and other cash 
crops. The quantitative characteristics in the 
least-undisturbed hill evergreen forest at a 
similar elevation near the study site in terms 
of tree density, species richness ,Shannon-
Wiener diversity index, basal area and the 
average canopy height were: 1,017 trees/ha, 
48  species ,  5 .19 ,  0 .27% and 12 .41  m, 
respectively. The dominant tree species were: 
Schima wallichii, Ternstroemia gymnanthera, 
Castanopsis acuminatissima, and Melicia 
spp.. The forest canopy was divided in to four 
height classes: class 1 (> 29 m);class 2 (21.7-
29 m); class 3 (2.3-21.1 m) and class 4 (<2.3 
m) (Pukjarune and Kaewaumput, 1993).  
 
Method  
 Based on similar aspect and slope 
steepness, during November-December, 2005, 
reforestation stands of pine (Pinus kesiya) 
planted at  a spacing of 4 m x 4 m (100 
trees/rai or 625 trees/ha) from 1965 to 1991 

were selected for investigation (Table 1). Each 
age of the rehabilitated stands had three 
r e p l i c a t e s ;  t h u s ,  6 6  s a m p l i n g  p l o t s 
representing 22 different ages from 14 to 40 
years were located along the slope length at 
the top, middle and lower part of the study 
sites. For the purposes of comparison, another 
three sample replicates as a control were also 
placed in the same manner nearby the least 
undisturbed natural hill evergreen forest stand. 
The research procedures were designed as 
follows. 
 
Sample Plot 
 Sample plots with equal size of 40 m 
x 40 m were then divided into 16 (10 m x 10 
m) subplots. Within these subplots, 16 (4 m x 
4 m) plots and 16 (1 m x 1 m) plots were 
placed in the upper right corner of each 
subplot as depicted in Figure 2.  
 
Data Collection 
 Vegetation inventories in each age of 
rehabilitated stand and natural hill evergreen 
forest were conducted during the winter 
season from November to February 2005. The 
vegetation was stratified into trees, saplings 
and seedlings according to diameter growth at 
1.3 meter height (DBH) and total height. In 
each sample plot, 16 subplots with quadrat 
sizes of (10 m x 10 m), (4 m x 4 m) and (1 m 
x 1 m) (Figure 2) were employed to identify 
the vegetative characteristic composition in 
terms of: trees (DBH > 4.5 cm and height > 
1.3 m); saplings (DBH < 4.5 cm and height 
>1.3 m); and seedlings (DBH < 4.5 cm and 
height < 1.3 m), respectively. 
 
Data Analysis 
 Vegetation Analysis 
 The vegetative characteristics in terms 
of species richness, Shannon-Wiener diversity
index, importance value index (IVI) and tree 
density were analyzed to investigate the structural
changes in the pine rehabilitation stands at 
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each age. The various tree species in each 
stand were grouped into one of fi ve frequency 
classes: 1-20% (Class A), 21-40% (Class B), 
41-60% (Class C), 61-80% (Class D) and 81-
100% (Class E), according to Raunkier’s law 
of frequency. The above parameters were also 
used to estimate the recovery-trend period 
after rehabilitation of the forest watershed as 
described in the next section. 

 Trend Analysis
 Variation in climate change was 
considered to affect consistency in the plant 
communities in the pine rehabilitation stands 
at each age. Therefore, the nonlinear trend was 
modifi ed using a nonlinear smoothing equation 
(Levin et al., 1992) to estimate the recovery pe-
riod in a natural watershed. The nonlinear trend 
can be generated by Equations 1, 2 and 3:

Table 1 Pine reforestation during 1965-1991, Khun Khong Watershed Development  
 Unit and Watershed Research Station, Chiang Dao district, Chiang Mai province, 
 northern Thailand.

Note 1. The study was conducted during November to February, 2005.
 2. 1 ha = 6.25 rai.
 3. Spacing of planted trees = 4 mx4 m, thus stocking = 100 trees/rai or 625 trees/ha.



วารสารวนศาสตร์ 28 (2) : 58-72 (2552) 63

 St = Ft + a1 e1   (1)

 Tt = φ Τt-1 + a2e1  (2)

 Ft+1 = St + φ Tt   (3)
where
      St = the smoothed level or an intercept 
      Tt  =  the smoothed trend or slope 
      a1  =  smoothing parameter for the level
      a2  =  smoothing parameter for the trend
    φ   =  the trend-modifi cation parameter

 The least square method (LSD) was 
applied to obtain the intercept (a) and slope (b) 
of the linear regression. These values are always 
used as the initial values of S and T (Levin et al., 
1992). Then the least mean square error (MSE) 
was taken as a basic principle to determine the 
best fi tting parameter. An application in Excel 
using Visual Basic was formulated to reduce the 
burden of calculation. The best fi tting parameters 

Figure 2. Layout of a sample plot of 40 m x 40 m. The 16 (10 m x 10 m), (4 m x 4 m)  
 and (1 m x 1 m) subplots were designated for the respective measurement  
 of trees, saplings and seedlings.
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of a1, a2 and φ were identifi ed for smoothing the 
non-linear trend of each tree parameter. Thus, 
values in Equation (3) can be obtained by sub-
stituting the values of (a) and (b) and derived 
parameters in Equations (1) and (2). 

 Equations 1, 2 and 3 only forecast for 
one period (t+1). However, at any time, forecasts 
can be made for a longer time horizon, by using 
the general forecast equation for exponential 
smoothing of a nonlinear trend (Equation 4):
        

 
 

  (4)

where m = the number of periods in the future 
that want to forecast.
   
 From Equation 4, if the chosen φ 
parameters coincide in each derived non-
linear trend and the future period (m) is 
p ro jec ted  f a r  enough  in to  the  fu tu re , 
eventually growth will disappear altogether. 
The point at which growth stops is called an 
éasymptoteé. This point was assumed to be 
the mature or climax stage that would indicate 
the end of the recovery period for forest 
watershed rehabilitation. 
 

RESULTS AND DISCUSSION

Species Richness and Forest Structure 
 The species richness of plant life 
forms in  terms of  t rees ,  sapl ings and 
seedlings varied highly between respective 
values of 7–47, 5-45 and 1-22 species. On 
the contrary,  l ife forms of shrubs and 
graminoids were almost similar to the 
control site within the range of 1-7 and 3-10 
species, respectively. Analysis by Raunkierûs 
frequency classes revealed that almost 80% 
of the tree species in all ages of planting, 
including the control site had a similar 
pattern of low frequency in classes A and B. 
This demonstrated that the higher the tree 
frequency, the lower the number of the tree 

species. This feature is typical of species 
abundance distribution in tropical forests 
(Kumar et al., 2006). It was also found that 
the planted trees of Pinus kesiya and Schima 
walllichii were in class E, having the most 
regular distribution (low species number and 
high frequency) throughout all ages. Schima 
wal l i ch i i ,  Pr i smatomer i s  t e t randra , 
Diospyros glandulosa,  Engelthardtia 
spicata,  Ternstroemia gymnanathera, 
M i c h e l i a  f l o r i b u n d a ,  C a t a n o p s i s 
acuminatissima, and Markhamia stipulata 
were found in all stands and had the most 
clumped distribution (high species number 
and low frequency) within Classes A and B 
(Table 2). 
 T h e  h i g h e s t  s p e c i e s  r i c h n e s s , 
diversity index and total basal area with 
respective values of 58 species, 4.99, and 
19.29 m2/ha were found in the natural hill 
evergreen forest (control area), whereas the 
25-year-old plantation had the lowest values 
of 7 species and 0.36 for both species richness 
and diversity index, respectively, while the 
14-year-old stand had the lowest basal area of 
7 .49  m 2 /ha  (Tab le  3 ) .  In  genera l ,  t he 
success ional  s tage can be assessed by 
comparing the rehabilitated land to the nearby 
undisturbed forest. The main objective of this 
watershed rehabilitation was to restore to the 
original natural forest condition or as close as 
poss ib le .  Thus ,  th is  process  would  be 
cons idered  success fu l  when  the  p lan t 
communities in the natural forest and the 
rehabilitated stands were equal or had almost 
reached the same values for natural tree 
parameters. 
 In this study, the diversity index has 
been used as an indicator of the stage of 
succession. A late successional stage is 
commonly implied by high values of plant 
diversity, while the early stage is indicated by 
lower values (Odum, 1971). Therefore, the 
control site was judged to be in the late 
successional stage or close to the mature stage 
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of a climax community, as demonstrated by 
its high diversity of 4.99 (Table 3). This value 
is close to 5.19 reported by Pukjarune and 
Kaewaumput (1993).  
 Tree density was highly variable in 
stands from 24 years old up to 40 years old. 
The highest and lowest values were 1,159 
trees/ha and 385 trees/ha in the 39-year-old 
and 29-year-old stands, respectively. After a 
period of 14 to 40 years, when compared to 
the original pine stocking of 625 trees/ha, it 
was found that stocking varied between 152-
631 trees/ha or 24.32-100.96% of the initial 
planting, while the overall tree density 
ranged from 473-1159 trees/ha or 76-185%. 
The discrepancy between both tree densities 
reflected the addition of native trees, with a 
density of up to 52-85% of the initial tree 
planting. This implies that after the Imperata 
grassland had been rehabilitated by light-
demanding or pioneer species like Pinus 
kesiya, the microenvironment improved until 
it was suitable for the other new native tree 
species. On the other hand, the highest IVI 
of 300% was found both in the 25-year-old 
and 29-year-old stands, while the natural 
forest had the lowest IVI of 161.36%. The 
inverse relationship between species richness 
and the IVI value was clearly observed as 
shown by a lower species number of 7 and 
10, respectively. This feature is always 
found due to the nature of IVI values. 
Planted Pinus kesiya were still the dominant 
trees found in all aged stands, except for the 
natural forest. The other dominant tree 
species in all plots were: Schima wallichii, 
Prismatomeris tetrandra, Castanopsis diver-
sifolia, Lannea coromandelica, Castanopsis 
acuminatissima, Albizia odoratissima, 
Ternstroemia gymnanthera, Engelhardtia 
spicata, Elaecocarpa floribundus, Michelia 
floribunda and Helicia nilagirica (Table 3). 
 The recovery of a forest ecosystem is 
marked  by  changes  in  mic roc l ima t i c 
conditions that provide favorable conditions 

to facilitate the establishment of native tree 
s p e c i e s  f r o m  n e a r b y  n a t u r a l  f o r e s t 
( R i c h a r d s , 1 9 9 6 ) .  T h i s  d e s c r i b e s  t h e 
successional process after land rehabilitation 
with planted pine (Pinus kesiya). In Nepal, 
this process was reported by Gilmour et al., 
(1990), with three waves of regeneration after 
planting with chir pine (Pinus roxburghii). 
The first wave developed as coppice from 
stumps, which were remnants from the 
original forest. The second wave consisted of 
seedling regeneration, which germinated 
a b o u t  f i v e  y e a r s  a f t e r  p l a n t a t i o n 
establishment. The dominant species in the 
first and second waves was Schima wallichii. 
Within 12 years, the canopy had closed and 
the third wave of regeneration occurred, 
including a large number of species from the 
nearby forest. 
 The recovery and maturity processes 
were also shown by the ability of forest to 
regenerate. Another characteristic of mature or 
climax forest is its ability to maintain stability 
by its tree regeneration mechanism. Thus, the 
successional stage can also be identified by 
the tree age structure. Lortz et al., (1997) and 
Bender (1999) reported that the mature, 
c l imax s tage  showed an  age  s t ruc ture 
approaching a (reverse J) distribution pattern. 
In this investigation, the age structure of the 
tree component was investigated through 
diameter distribution analysis. In the natural 
forest, the pattern approached a (reverse J) or 
(L-shaped) distribution, which indicates an 
uneven aged structure (Figure 3b). This 
pattern is usually found in the climax stage of 
mixed  fores t ,  e .g .  the  mixed fores t  a t 
Sepunggur Jambi, Sumatra (Ketterings et al., 
2001). The largest proportion of trees on this 
site was found in the smallest DBH class 
consisting of small trees. The species of small 
trees found in this site would later become the 
dominant species. The frequency of trees in 
each age class  tended to reduce as  the 
diameter class increased. 
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 Although the diameter distribution of 
the 31-year-old stand was similar to the 
natural forest (Figure 3a), it was comprised of 
63% of planted trees, while the natural forest 
had a diverse range of other native trees 
species. However, there were no clear age 
structure patterns for the remaining age 
stands. In all aged stands, most of the planted 
trees were found in the 14.5–24.5 and 
24.5–34.5 cm DBH classes. Almost all of 
the native tree species were established in 
the 4.5-14.5 cm DBH class, including: 
Schima wallichii, Lannea coromandelica, 
Prismatomeris tetrandra, Catanopsis diversi-
folia, Chukrasia tabularis, Quercus kingiana, 
Engelthardtia spicata, Markhamia  stipulata, 
Fernandoa adenophylla, Helicia vestita, and 
Diospyros glandulosa (Table 3). A few 

remnants of forest trees within the 34.5-44.5 
cm DBH class up to the >64.5 cm DBH class 
were found in the stands aged 14 to 23 years, 
31years, and 33 years to 36 years. There were 
no large trees left in the stands aged 24 years 
to 29 years, 32 years, and 39 years to 40 
years. The remnant of forest implied the 
surviving trees had been there since the 
beginning of planting period. On the other 
hand, planted stands where there were no 
existing remnant trees indicated there had 
been periods of long cultivation with short 
fallow periods. Alternatively, there had been 
conversion to continuous cultivation until the 
crop yields had decl ined and then the 
Imperata grassland took over, as the area was 
left in search of a new forest area, in the 
manner of shifting cultivation practices.  

Figure 3 A “reverse J” or “L-shaped” distribution of (a) natural hill evergreen forest;  
 and ( b) 31-year-old pine plantation at Khun Khong Watershed Research  
 Station, Chiang Mai, Thailand.
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Watershed Recovery Period 
 Depending on the LSD method, the 
coefficients for the intercept and slope were 
obtained from the linear relationship between 
each tree parameter and the age of the planted 
stand. The derived intercept and slope of 

species richness, diversity index, IVI and tree 
density with the mean square error (MSE) are 
shown in Table 4. These values were used as 
the initial values for the trend analysis involving 
smoothed level (St) and smoothed trend (Tt) in 
Equations  1 and 2 earlier in the paper. 

Table 4 Values for a (intercept) and b (slope) from the linear relationship between each  
 tree parameter and planting period, used to derive the best suitable values of   
 α1, α2, and φ using  the Excel application written in Visual Basic.

 Values of α1, α2, and φ were within 
ranges of 0.1-0.9; 0.01-0.19; and 0.1-1.9 
respectively (Table 4). Each value set of α1, 
α2, and φ was used in Equations 1, 2 and 3 to 
forecast each non-linear parameter of the 
planted stands. In order to facilitate the many 
cycles of the 12 996 (19x19x9x4) iterations, 
an application in Excel using Visual Basic 
was formulated to reduce the heavy burden of 
calculation. Thus, the value set (α1, α2 and φ) 
with the least MSE would be regarded as the 
best fit for forecasting the non-linear trend for 
each tree parameter. 
 The best derived parameters of α1, α2, 
and φ for the non-linear trend of species 
richness, diversity index, and IVI were the 
same values of 0.4, 0.01 and 1, while tree 
density had values of 0.3, 0.01 and 1.1 
respectively (Table 4). It was noticeable that 
the first three values of φ were equal to 1, 
except for tree density, where the value was 
1.1. This implies that a much longer period is 
needed to reach the mature stage. 
 F igure  4  shows  the  non- l inear 
parameter  t rends for  species  r ichness , 
diversity index, IVI and tree density. Their φ 

values of 1 and 1.1 (Table 4), indicate that the 
growth rate  for  each parameter  is  s t i l l 
increasing according to a linear (φ = 1) or 
exponential (φ > 1) trend. In this fashion by 
means of natural succession, each trend line 
will continue to rise up far enough into the 
future, until eventually declining as it reaches 
a plateau. Thus, 14 to 40 years after planting, 
even though all stands of all ages have a 
mixture of other native dominant tree species, 
still longer time is needed to reach the climax 
stage. On the other hand, at least the minimum 
requirement period to rehabilitate a forest 
watershed stand can be estimated from 
Equation 4 by a damped trend to decrease the 
trend line of each parameter within the given 
φ values of 0.1, 0.5, 0.8 and 0.9, respectively. 
 Starting from an age of 40 years, it 
was found that the projected trend of φ equal 
to 0.9 coincided with every trend of the tree 
parameters (Figure 4). The recovery period is 
met, whenever the forecasting of each trend 
line reaches a plateau at the point at which it is 
numerically stable or the (asymptote)point. 
In this manner, the asymptotic age and the 
value for species richness, diversity index, 
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Figure 4 Estimation of natural head watershed recovery period for: (a) species richness,  
 (b) diversity index, (c) IVI, and (d) tree density in Khun  Khong Watershed  
 Research Station, Chiang Mai, Thailand.



วารสารวนศาสตร์ 28 (2) : 58-72 (2552) 71

IVI, and tree density were: 115 years, 50 
species; 84 years, 4.71; 124 years, 202.79% 
and 153 years, 1139 tree/ha, respectively. 
Compared with natural forest, these represent 
lower  va lues  for  species  r ichness  and 
diversity, and higher values for  IVI and  tree 
density, These results imply there is a wide 
gap in the recovery period, thus a much longer 
period is needed to reach the climax stage. 
 Owing to the different nature of the 
aforementioned tree parameters, the estimated 
recovery period for watershed rehabilitation 
would take from 84 to 153 years. This period 
was shorter than in previous studies of 
succession in a mixed boreal forest in central 
Russia. In this fashion, Vladimir et al. (2001) 
have applied the Markov model and non-
Markov effects to describe the course of 
succession through forest types after a tillage 
area was abandoned, leading eventually to the 
climax state, recognized as a polydominant 
spruce-broad-leaved forest .  The model 
predicted an average period from 480 to 540 
years for the ideal course of succession from 
the pioneer stage through to its climax stage, 
and less time from the later stages. 
 

CONCLUSION AND 
RECOMMENDATION

 In the early stage of forest watershed 
rehabilitation, fast-growing, native, pioneer 
species are needed to facilitate a better 
microenvironment favorable for other new, 
introduced, native tree species. After 40 years 
of rehabilitation, there was a declining trend in 
planted tree density, while there was an 
increase in the densities of other trees up to 
52-85% of the initial planted stage. In all aged 
stands, planted trees were still the most 
dominant, while the other tree species had also 
established within a clumped distribution in 
class A and class B of the Raunkierû s law to 
form the dominant trees for future stages. 
 The tree parameters investigated were 

highly variable. The non-linear parameters 
tended to increase toward a future period. 
Thus, the recovery time for a completely 
rehabilitated forest watershed could be 
estimated to be at least about 84-153 years. 
 The  rehabi l i ta t ion  of  a  na tura l 
watershed needs a long period that can only 
occur under the prolonged absence of human-
induced disturbance. A challenging solution 
could be achieved from the collaboration of 
all stakeholders by taking all dimensions of a 
systems approach into consideration. The 
research findings focus only on floristic 
composition that could help rationalize the 
need for an ecologically sound recovery 
period. In fact, there is no standard analytical 
method for estimating the average time it 
would take to reach the mature state, but the 
results of nonlinear trend analysis can be seen 
in Figure 4. It is hoped that this technique 
could be applied to other reforested areas for 
better management of forest rehabilitation. 
However, further study is needed to clarify the 
dynamic changes of other structures that 
related to the services of the watershed 
ecosystem, such as the potential of the water 
yield/water budget/watershed hydrology after 
a period of watershed rehabilitation. 
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