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The effects of forest
restoration activities on
the species diversity of
naturally establishing trees
and ground flora
Oranut Khopai* and Stephen Elliott**

ABSTRACT
The framework species method of forest restoration aims to rapidly re-establish forest
ecosystem structure and function. At the same time, it aims to encourage wildlife, attracted
to the planted trees, and accelerate recovery of biodiversity through facilitating seed
dispersal into planted sites. The objectives of this study were to determine whether forest
restoration encourages recruitment of non-planted tree species into planted areas and
increases the species diversity or changes the species composition of the ground flora.
The study was carried out on degraded, evergreen forest land in Suthep-Pui National
Park, northern Thailand. The land had been planted with 30 framework tree species in
1997 and 1988 to compare the relative performance of different framework tree species
and develop suitable silvicultural treatments to maximize tree performance. Treatments
included fire protection, application of fertilizer, and weeding. Two non-planted control
plots were also demarcated, in which only fire protection was implemented. Vegetation
surveys were carried out in replicated 10-m diameter plots, recording the presence of
ground flora species and naturally established trees (> 1 m tall). They were carried out
three times in 1999: in the dry season, in the middle of the rainy season and at the end
of rainy season. In the first year after planting, the species richness and evenness of
the ground flora in the plot planted in 1998 increased, compared with the plot planted
in 1997. This was probably due to the effects of weeding, which removed dominant
perennial herbs, allowing invasion, in the 1998 planted plots, by annual herbs, especially
those of the Compositae family. However, two years after tree planting, the diversity of
the ground flora decreased in the 1997 planted plot. This was probably due to shade
caused by closing of the forest canopy, which reduced opportunities for establishment
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of new ground flora species. Evenness was also lesser here as compared to the 1997
control plot, since fire removed most of the dominant weed species. Weeding and fertilizer
accelerated establishment of natural seedlings and further increased the tree density of
naturally established trees (wildings) in the planted plots. Most of planted tree species
were in good health and fast growing. All of the planted tree species, except Nyssa javanica
and Garcinia meckeaniana, were found suitable for forest restoration.

INTRODUCTION
Many countries have recognized the value of rehabilitating degraded tropical area, to
utilize natural resource for sustainable development and maintain biodiversity. Techniques
have been established to achieve objectives such as assisted natural regeneration (ANR)
(Dalmacio 1986, RECOFTC 1994) and the Miyawaki method (Fujiwara 1993, Miyawaki
1993).
Assisted or accelerated natural regeneration (ANR) was suggested by Dalmacio
and is already practised for accelerated reforestation of degraded uplands and Imperata
grassland in the Philippines (Dalmacio 1986, Durst 1990). The basic concept of ANR
emphasizes protection and nurturing of tree seedlings and saplings already existing on
degraded sites, rather than establishment of entirely new forest plantations. ANR requires
tree seedlings and saplings on degraded sites to be marked and assisted in their survival
and growth by one or more of the following activities: 1) pressing or cutting of competing
grasses; 2) weeding around existing seedlings and saplings; 3) fire protection; and 4)
enrichment planting. The advantages of ANR are not only accelerated secondary succession
of forest, but also maintenance of species diversity, provision of useful products and
many ecological values. In ANR implementation can often be accomplished for as little
as one-third the cost of conventional reforestation.
In Thailand, ANR has not been successful because knowledge of how to assist
the natural regeneration of each species is lacking. Literature on fruit production, seed
germination, seed banks, and tree seed dispersal is much needed. Different species require
different ANR methods. Suitable methods may include planting Beilschmiedia sp.
(Lauraceae) under the shade of existing herbaceous vegetation, direct sowing of Prunus
cerasoides (Rosaceae), and for Eugelhardia spicata (Juglandaceae), cutting weeds (particularly
grasses and ferns) or shading them out with nurse trees (Hardwick et al. 1997).
The Miyawaki method has been used successfully to restore forest in many places
in Japan and in other places in Southeast Asia (Miyawaki 1993). The technique includes:
1) species selection using as many native canopy species as possible, based on the
potential natural vegetation at each site by the phytosociological method;
2) mixed plantations;
3) use of potted seedlings with well-developed root systems (with heights of up to 80 cm);
4) soil preparation, including provision of good drainage and use of organic fertilizers
such as compost, weeds, dropped, broken blocks, etc.;
5) dense planting (3–9 individuals per square meter);
6) mulching with rice straw, leaves, etc., for protection against soil dryness, soil erosion
and loss of nutrients;
7) no management after two or three years from planting (Fukiwara 1984, 1993,
Miyawaki 1984).
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Miyawaki (1993) and Said (1993) reported the first assessment of planting native
seedlings (such as Shorea spp., Dipterocarpus spp., Hopea spp., etc.) and using some
techniques of the Miyawaki method at Bintulu, Sarawak State, Malaysia. The percentage
survival of such seedlings on areas of soil erosion and compaction after planting for
a year was very high (approximately 71%). Moreover, percentage survival was 89.2%
where 1-m-wide strips of vegetation had been removed with half-meter-wide strips of
existing vegetation retained to provide shade to the planted seedling. In addition, the
planted seedlings grew well, and had well-developed crowns after weeding and using
rice straw as a mulch (Miyawaki 1993). Native seedlings, 50 cm tall, planted using oil
palm leaves as a mulch at a shopping center, Jaya Jusco in Malacca, Malaysia, grew
to 150–270 cm six months later (Fujiwara 1993, Miyawaki 1993).
Such techniques for rehabilitating selected degraded areas will ultimately depend on the
priorities of the stakeholders, the costs and benefits associated with available rehabilitation
techniques, and the economic, social, and environmental values of these land resources
in their current and desired future states (Lamb 1994, Parrotta et al. 1997).

Figure 1. Map of Mae Sa Mai village, and location of the experimental
plots
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STUDY SITE DESCRIPTION
There are many suggested techniques to achieve forest restoration, but only the framework
species method combined with various silvicultural treatments was applied in this field
research project on degraded evergreen forest in the Doi Suthep-Pui National Park, Chiang
Mai, Thailand (Figure 1). The framework species method uses native trees for planting
in degraded areas, and matches these criteria: fast growing with dense spreading crowns,
attractive to seed-dispersing wildlife (especially birds and bats), and easily propagated
in the nursery. This method has been used successfully in ecological rehabilitation of
forest and biodiversity conservation in north Queensland (Tucker & Murphy 1997). The
aims of the framework species method are to rapidly re-establish forest ecosystem structure
and function and accelerate recovery of biodiversity through facilitating seed dispersal
into planted sites. The framework species in the planted sites were divided into three
important groups: 20% of figs (Ficus spp., Moraceae), 10–15% of species of families
Fagaceae and Leguminosae, and the rest of other species matching the framework criteria
(FORRU 1998). The framework species are listed in Table 1.
Table 1. The framework species
No. Botanical name
1
Bischofia javanica Bl.
2
Melia toosendan Sieb. & Zucc.
3
Manglietia garrettii Craib
4
Diospyros glandulosa Lace
5
Sapindus rarak DC.
6
Hovenia dulcis Thunb.
7
Aphanamixis polystachya (Wall.) R. Parker
8
Quercus semiserrata Roxb.
9
Spondias axillaris Roxb.
10
Prunus cerasoides D. Don
11
Ficus altissima Bl.
12
Gmelina arborea Roxb.
13
Eurya acumminata DC. var. wallichiana Dyer
14
Phoebe lanceolata (Nees) Nees
15
Helicia nilagirica Bedd.
16
Sarcosperma arboreum Bth.
17
Horsfieldia amygdalina Warb. var. amygdalina
18
Aglaia lawii (Wight) Sald. & Rama.
19
Garcinia mckeaniana Craib
20
Nyssa javanica (Bl.) Wang.
21
Heynea trijuga Roxb. ex Sims
22
Markhamia stipulata (Wall.) Seem.
ex K. Sch. var. kerrii Sprague
23
Cinnamomum iners Reinw. ex Bl.
24
Horsfieldia thorelii Lec.
25
Phoebe lanceolata (Nees) Nees
26
Quercus kerrii Craib var. kerrii
27
Erythrina subumbrans (Hassk.) Merr.
28
Eugenia albiflora Duth.ex Kurz
29
Castanopsis calathiformis (Skan) Rehd. & Wils.
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Family
Euphorbiaceae
Meliaceae
Magnoliaceae
Ebenaceae
Sapindaceae
Phamnaceae
Meliaceae
Fagaceae
Anacardiaceae
Rosaceae
Moraceae
Verbenaceae
Theaceae
Lauraceae
Proteaceae
Sapotaceae
Myristicaceae
Meliaceae
Guttiferae
Nyssaceae
Meliaceae
Bignoniaceae
Lauraceae
Myristicaceae
Lauraceae
Fagaceae
Leguminosae, Papilionoideae
Myrtaceae
Fagaceae
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Such framework species were planted in deforested area in 1997 and 1998 (plots
F97 and F98) combined with silvicultural treatments, i.e. fire protection, application of
fertilizer, and weeding. Plots C97 and C98 were established as the control plots of each
year, with no tree planting and activities except fire protection. The treatments in each
plot are summarized in Table 2.
Table 2. Summary of treatments in each experimental plot
Plot
Activity
F98 (40 × 40 m)
Before and when planting
1. No cutting of naturally established tree seedlings, saplings, and
trees.
2. A non-residual herbicide was used to clear the plot before
planting.
3. Planting with native trees (29 species, 500 trees/rai or 3 125
trees/ha) in June 1998 with 100 g of fertilizer applied, when
planted.
4. Fire-break.
After planting
1. Weeding with hand tools once per month, in the rainy season
and application of fertilizer (about 100 tree-1) immediately after
weeding, and weeds used as mulch.
2. Fire-break before dry season.
C98 (40 × 40 m)
No planting, weeding, and fertilizing except fire-break
F97 (20 × 20 m)
The same with plot F98, but native trees were planted in June
1997 and there was a partial burn in the dry season of 1998.
C97 (20 × 20 m)
The same as plot C98, but partial burn in the dry season of 1998.

To maintain the planted areas, new seedlings are planted to replace dead ones
one year and, if necessary, two years after planting.

METHODOLOGY
Data collection
To determine whether forest restoration increases the species diversity or changes the
species composition of the ground flora and encourages recruitment of non-framework
tree species into planted areas, vegetation surveys were carried out in replicated 5-m
diameter subplots, and covered about 24% of each plot, recording the presence of ground
flora species (< 1 m tall) and naturally established trees (> 1 m tall). The Braun Blanquet
scale was used to quantify abundance of the herbaceous ground flora (Shimwell 1971,
Goldsmith et al. 1986). The naturally established trees were surveyed and labeled by
both circular subplots and walking survey. Their height and health were measured with
a measuring tape and scored respectively.
For the framework trees, their health, survival and growth were monitored only
in the subplots, to know how they were effective in reforestoration for this area.
The surveys were done three times in 1999: in the dry season, in the middle of the
rainy season and at the end of the rainy season. Some specimens of vegetation were collected
and identified at the Herbarium, Department of Biology, Chiang Mai University.
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Table 3. The Braun Blanquet scale for ground flora abundance and health scale for naturally
established and framework trees
The Braun Blanquet scale
+ = less than 1%, sparsely or very sparsely present, cover very small
1 = 1–5%, plentiful, but of small cover value
2 = 6–25%, very numerous or covering at least 5% of the area
3 = 26–50%, any number of individuals covering 1/4 to 1/2 of the area
4 = 51–75%, any number of individuals covering 1/2 to 1/4 of the area
5 = 76–100%, covering more than 1/4 of the area
The health
0 =
1 =
2=
3 =

scale was divided into 4 levels:
dead
not healthy, no leaves but still alive
normal, but may have some yellow leaves, brown spots, insect damage, etc.
very good

Data analysis
Ground flora
Different aspects of ground flora communities, i.e. species richness, evenness, diversity,
and distance coefficient between sampling sites, were analysed from the formulas (Table
3 and 4) using the basic computer programs SPDIVERS.BAS and SUDIST.BAS (Ludwig
& Reynolds 1988).
To compare the similarities and differences of ground flora in each experimental
plot, the two indices were used (Table 4).
Table 4. The calculation formulas of species richness, species diversity, evenness and distance
coefficient using the basic computer programs SPDIVERS.BAS and SUDIST.BAS
Species richness
Species richness was determined by direct count or
N0 = total number of ground flora species.

Species diversity (Hill’s number)
1. N1 = eH’
2. N2 = 1/λ
where: N1
N2
H’
λ

=
=
=
=

number of abundant species in the sample
number of very abundant species in the sample
Shannon’s Index
Simpson’s Index

Shannon’s Index (H’) is computed as:
s

H’

= ∑ (pi lnpi)
i = l
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Simpson’s Index (λ) is computed as:
λ
where: pi
pi
where: ni
N
S

= ∑ pi2
= proportion of individuals belonging to i th species and is computed
as:
= ni / N
= number of individuals of the ith species
= total number of individuals
= number of species

Evenness (Modified Hill’s Index)
(1/ λ) – 1
E5 =
eH’ – 1

Table 5. The distance coefficient formula
Sorensen’s Index (SI) for similarity coefficient
SI
= 2C / (A + B)
where: C
A
B

= number of species common to both community
= total number of species in community A
= total number of species in community B

Chord distance (CRD) for difference coefficient
(Calculation using the basic computer programs SPDIVERS.BAS and SUDIST.BAS)
CRDjk = 2 (1-ccosjk)
where: CRDjk = chord distance between sample unit j(SUj) and sample unit k
(Suk) which range from 0 to 2
ccos = chord cosine is computed from
∑{(Xij) x (Xjk)
i=l
ccos =
∑Xij2  x ∑Xjk2 

i=l

where: Xij
Yik
S

 i=l



= number of individuals of the ith species in sample unit j
= number of individuals of the ith species in sample unit k
= number of species

Naturally established and framework trees
Species richness of naturally established trees was determined by direct count. The health,
survival and the growth of naturally established trees and framework trees were calculated
as health average, % survival and relative growth rate (RGR) (Table 6).
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Table 6. The calculation of relative growth rate, health average and % survival
Relative growth rate (RGR)
Height relative growth rate
RGR (% increase in height per year) =
where: RGG
H1
H2
T2 –T1
ln =

Health average
Ha
where: Ha
H1
H2
H3

x 100 x 365

= relative growth rate
= height of species A in the first survey
= height of species A in the last survey
= number of days between T1 and T2
natural log
(1nh1 – 1nh2)
(T2–T1)
=
=
=
=
=

(H1 +
health
health
health
health

H2 + H3)/3
average
score of plant species A in first survey
score of plant species A in second survey
score of plant species A in third survey

% Survival rate
Percent survival rate = (SN / TN) x 100
where: SN
= number survived
TN
= total number of species

RESULTS AND DISCUSSION
One hundred and thirty-six plant species (except framework trees), including 103 ground
flora and 48 naturally established trees, were recorded in this study (Table 7).
Table 7. Total numbers of ground flora species, natural established trees and planted trees
found in all surveys
Number of
Number of
Total number
Framework
Plot
ground flora
natural tree
of species
tree species
species found
species found*
found**
found
F98
75
29
95
22
C98
51
27
71
–
F97
28
5
33
14
C97
37
4
41
–
All plots
103
48
136
29
Remarks
* = including naturally established seedlings, saplings and trees in both circle and walking surveys.
** = not including planted trees. Some of the ground flora and natural tree species were the same.
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GROUND FLORA
Diversity indices
Ground flora species were abundant in all plots. The most abundant ground flora species
recorded in all surveys were Pteridium aquilinum, Ageratum conyzoides, Eupatorium
adenophorum, Mucuna bracteata and Pennisetum polystachyon (Table 8).
Table 8. Percent cover of ground flora species recorded in all plots
Species
Ground flora*
Pteridium aquilinum
Ageratum conyzoides
Eupatorium adenophorum
Mucuna bracteata
Pennisetum polystachyon
Mitracapus villosus
Conyza sumatrensis
Bidens pilosa
Phragmitus vallatoria
Imperata cylindrica
Cyperus cyperoides
Thysanolaena latifoia
Crassocephalum crepidiodes
Eupatorium odoratum
Setaria parviflora
Rhynchelytrum repens
Microstegium vagans
Digitaria setigera
Artemisia indica
Polygonum chinense
Spilanthes paniculata
Clerodendrum glandulosum
Centella asiatica
Drymaria diandra
Mimosa diplotricha
Alectra avensis
Dioscorea glabra
Solanum nigrum
Blumea balsamifera
Galinsoga parviflora
Triumfetta pilosa
Triumfetta rhomboidea
Trichosanthes tricuspidata
Panicum notatum
Setaria palmifolia

F98

C98

F97

C97

Total

No. of
plots
recorded

5
208
110
2
10
150
122
55
107
33
42
27
38
52
63
27
8
25
35
7
47
5
43
7
0
48
7
12
37
17
7
0
0
7
17

260
5
25
25
0
22
13
15
90
150
15
100
22
47
10
12
73
5
27
0
0
28
10
0
0
0
32
0
0
0
30
0
0
17
10

7
67
33
23
193
47
60
87
0
0
47
0
40
3
3
47
0
23
10
13
7
3
0
33
0
0
0
20
0
10
0
3
0
0
0

167
13
103
220
33
0
17
43
0
7
57
0
20
17
17
3
0
20
0
40
3
20
0
10
50
0
0
7
0
10
0
33
33
7
0

439
293
271
270
236
219
212
200
197
190
161
127
120
119
93
89
81
73
72
60
57
56
53
50
50
48
39
39
37
37
37
36
33
31
27

4
4
4
4
3
3
4
4
2
3
4
2
4
4
4
4
2
4
3
3
3
4
2
3
1
1
2
3
1
3
2
2
1
3
2
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Species

Buddleja asiatica
Oroxylum indicum
Paspalum conjugatum
Millettia pachycarpa
Oxalis corniculata
Anaphalis margaritacea
Desmodium heterocarpon
Dioscorea alata
Solanum torvum
Seteria verticillata
Alpinia malaccensis
Sporobolus diander
Boehmeria chiangmaiensis
Neyraudia reynaudiana
Sida rhombifolia
Sonchus oleraceus
Acacia megaladena
Carex baccans
Eugenia albiflora
Asparagus filicinus
Cissampelos hispida
Commelina benghalensis
Dioscorea prazeri
Merremia vitifolia
Urena lobata
Desmodium velutinum
Pterocarpus macrocarpus
Aneilema sinicum
Arthraxon castratus
Boehmeria diffusa
Borreria laevis
Murdannia scapiflora
Rauvolfia verticillata
Capillipedium parviflorum
Argyreia aggregata
Embelia sessiliflora
Entada rheedii
Gmelina arborea
Helicteres elongata
Ixora cibdela
Kuniwatsukia cuspidata
Maesa montana
Melastoma normale
Paris polyphylla
Saccolepis indica
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F98

C98

F97

C97

Total

25
7
8
0
3
12
5
0
3
0
13
13
0
13
0
13
2
2
7
10
0
0
0
0
2
0
8
7
7
0
7
7
0
3
0
0
0
0
0
5
5
0
2
0
5

0
0
3
0
0
8
15
10
7
17
3
0
3
0
0
0
10
0
5
0
0
0
10
0
5
5
0
0
0
0
0
0
0
0
5
5
5
5
5
0
0
5
3
5
0

0
0
13
0
20
0
0
0
0
0
0
3
0
0
3
0
0
0
0
0
0
0
0
0
3
0
0
0
0
0
0
0
0
3
0
0
0
0
0
0
0
0
0
0
0

0
17
0
23
0
0
0
10
10
0
0
0
10
0
10
0
0
10
0
0
10
10
0
10
0
3
0
0
0
7
0
0
7
0
0
0
0
0
0
0
0
0
0
0
0

25
24
24
23
23
20
20
20
20
17
16
16
13
13
13
13
12
12
12
10
10
10
10
10
10
8
8
7
7
7
7
7
7
6
5
5
5
5
5
5
5
5
5
5
5

No. of
plots
recorded
1
2
3
1
2
2
2
2
3
1
2
2
2
1
2
1
2
2
2
1
1
1
1
1
3
2
1
1
1
1
1
1
1
2
1
1
1
1
1
1
1
1
2
1
1
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Species

Smilax perfoliata
Sterculia villosa
Abrus pulchellus
Castanopsis argyrophylla
Codonopsis javanica
Dalbergia stipulacea
Firmiana colorata
Laggera pterodonta
Pteris biauria
Schima wallichii
Vernonia divergens
Aporusa villosa
Argyreia obtecta
Chamaecrista leschenaultiana
Crotalaria dubia
Cyrtococcum accrescens
Eleusine indica
Embelia subcoriacea
Erythrina suberosa
Mussaenda parva
Paederia wallichii
Phyllanthus urinaria
Wendlandia scabra
Total
Total number of species
* Percent cover average X 100

F98

C98

F97

C97

Total

5
0
0
0
0
3
0
3
3
0
3
2
2
2
2
2
2
2
2
2
2
2
2
1 615
75

0
5
3
3
3
0
3
0
0
3
0
0
0
0
0
0
0
0
0
0
0
0
0
1 202
51

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
824
28

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1 087
37

5
5
3
3
3
3
3
3
3
3
3
2
2
2
2
2
2
2
2
2
2
2
2
4 728
103

No. of
plots
recorded
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Considering diversity indices of the ground flora (Table 8) shows that plot F98
had higher species richness (75), more abundant (N1 = 32.16) and very abundant (N2
= 19.12) species, and a more even distribution of ground flora species (E5 = 0.61) than
plot C98. It can be explained that coming up of ground flora species in F98 plot would
be affected from weeding which produced gaps in the herbaceous ground flora, allowing
the establishment of a wider range of species. Five species, Ageratum conyzoides, Conyza
sumatrensis, Bidens pilosa, Crassocephalum crepidiodes and Rhynchelytrum repens,
became especially abundant in the framework plots but less abundant in the control plots
(Table 8). Most of them (except Rhynchelytrum repens, Gramineae) are fast-growing
annual herbs in the family Compositae, with small seeds that readily germinate on exposed
soil after weeding. Therefore, they can survive and flourish even in frequently weeded
plots. Planting trees and associated activities, especially weeding, probably caused an
increase in abundance of these ground flora species. Weeding removed dominant herbs
and created patches of bare earth which favoured seed germination of these species.
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The abundant ground flora species in the control plots were Pteridium aquilinum
(Dennstaedtiaceae), Mucuna bracteata (Leguminosae, Papilionoideae) and Clerodendrum
glandulosum (Verbenaceae). These ground flora species are perenial herbs which were
not weeded in the control plots, so their percent cover was higher than in the planted
plots.
Table 9. Species richness, diversity (Hill’s number) and evenness (modified Hill’s ratio) in the
four plots
Species diversity
Plot
Species richness
Evenness (E5)
N1
N2
F98
75
32.16
19.12
0.61
C98
51
21.20
10.92
0.49
F97
28
15.70
10.62
0.66
C97
37
19.22
11.51
0.58

For 1997 plots, the richness and diversity of ground flora species in plot C97
were higher than in plot F97, and also had a greater number of abundant (N1 = 19.22)
and very abundant species (N2 = 11.51). However, C97 had fewer very common species
because the evenness index of ground flora (E5 = 0.58) was less than in plot F97 (E5
= 0.66). Moreover, three ground flora species, Eupatorium adenophorum (Compositae),
E. odoratum (Compositae) and Setaria parviflora (Gramineae), were very abundant in
plot C97 and less abundant in plot F97 (Table 8). This result was inverted in the 1998
plots since these species were less abundant in plot C98 and most abundant in plot F98.
These results might indicate that these species are affected by fire, because there was
partial fire in plots F97 and C97. It means that these three ground flora species were
very abundant after tree planting and weeding, but their abundances decreased after fire
occurred.
Considering the five most abundant ground flora species in the 1997 and 1998
plots (Table 10), the most dominant ground flora species in the 1998 plots (except
Phragmites vallatoria, Gramineae) were quite different. So by eye, the plots appeared
very different. Also there were completely different abundances in ground flora species
in the 1997 plots. It means that the main ground flora compositions of plant communities
changed after tree planting and weeding. Comparing the five most abundant ground flora
species between the planted and control plots, there were three species, viz. Ageratum
conyzoides (Compositae), Conyza sumatraensis (Compositae) and Mitracarpus villosus
(Rubiaceae), found in the planted plots, but only one ground flora species (Pteridium
aquilinum, Dennstaedtiaceae) was found in the control plots (Table 10). It means that
even though there were no tree planting and any activities in the control plots, the main
ground flora composition of plant communities changed after fire occurred.
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Table 10. The five most abundant ground flora species found in each plot
Plot
Abundant species
Per cent cover average
F98
Ageratum conzoides
208
Mitracapus villosus
150
Conyza sumatraensis
122
Eupatorium adenophorum
110
Phragmites vallatoria
107
C98
Pteridium aquilinum
260
Imperata cylindrica
150
Thysanolaena latifolia
100
Phragmites vallatoria
90
Microstegium vagans
73
F97
Pennisetum polystachyon
193
Bidens pilosa
87
Ageratum conyzoides
67
Conyza sumatraensis
60
Mitracarpus villosus
47
C97
Mucuna bracteata
220
Pteridium aquilinum
167
Eupatorium adenophorum
103
Cyperus cyperoides
57
Mimosa diplotricha
50

Similarity and difference indices
Different methods of measuring similarity and difference coefficients yield different
results. Between plots C98 and C97, the similarity coefficient was lowest (0.43, indicating
less similarity, Table 11), but CRD was also lowest (1.00, indicating less difference, Table
12). The highest similarity coefficient was in plot pair F97 and C97, but they had CRD
(1.16) higher than the plot pairs F98 and F97 (1.01), and C98 and C97 (1.00). Only the
plot pair F98 and F97 had a high similarity coefficient (indicating high similarity) and
also low CRD (indicating less difference). These contradictory differences in results are
common when using Sorensen’s index and CRD. Sorensen’s index is a great advantage
in terms of rapid assessment, but it does not take into account the abundance of each
species. CRD does take into account relative abundance of different species. In this survey,
the biggest differences occurred between the dominant or abundant species and these
are given more weight when using CRD. However, Sorensen’s index and CRD should
be used together in vegetation analysis to find the similarities between communities and
to get more accurate results.
Table 11. Similarity coefficients (Sorensen’s Index) of ground flora in all four plots.
Experimental plot pairs
A
B
C
2C/(A+B)
F98-C98
75
51
31
0.49
F98-F97
75
28
26
0.50
C98-C97
51
37
19
0.43
F97-C97
28
37
21
0.65
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Table 12. Chord distances (CRD) between four experimental plots in plot x plot matrix form
(ground flora)
Plot
C98
F97
C97
F98
1.20
1.01
1.24*
C98
1.34*
1.00
F97
1.16
C97
Remark: * this value is not discussed because there is no point to compare the control plot from one
year with the planted plot from another.

In addition, ground flora species overlap diagrams were made to visualize changes
during the succession process in each experimental plot pair (Figure 2). In plot pair F98
and C98, CRD was highest (1.20, indicating less similar, Table 12). Plot F98 accumulated
more ground flora species than plot C98 which was also observed from the residual yellow
in plot F98 compared with the remaining blue area in plot C98. This means that tree
planting and weeding caused a gradually shifting of the ground flora to a different
composition. Also the ground flora composition was fairly different in plot pair C98 and
C97, with no tree planting and weeding. However, the difference was reduced after planting
which could be noticed from plot pair F98 and F97. Plot F98 accumulated more ground
flora species than plot F97. The number of ground flora species in plot F97 was a smaller
subset of essentially the same ground flora species as in plot F98. It means that the number
of ground flora species increased after tree planting and weeding. Although fire occurred
in plot F97, the number of ground flora species did not change. Most of the ground flora
species in plot F97 were also found in plot F98. In plot pair F97 and C97, the similarity
coefficient of ground flora species was highest (0.65, Table 11). This result was probably
caused by fire, because the succession process was the same in both plots, although the
dominant ground flora species were different. Before fire occurred, the dominant
herbaceous weeds in the 1997 plots were Conyza sumatrensis and Cyperus cyperoides,
and also with very common species, e.g. Bidens pilosa, Crassocephalum crepidioides,
Solanum nigrum and Triumfetta pilosa. After fire occurred, B. pilosa and C. sumatrensis
were still found as the dominant herbaceous weeds in plot F97, but the dominant ground
flora species changed in plot C97 (only C. cyperoides was found, Table 10). Bidens pilosa
was still found in plot F97, because it is an annual herb and common in abandoned areas
and silvicultural plots (Saelee 2000).

Plots F98-F97

Plots F98-C98

Plots C98-C97

Plots F97-C97

Figure 2. Ground flora species overlap diagrams from Sorensen’s Index in the four
plots
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Naturally established trees
A total of 49 species of naturally established seedlings, saplings, and mature trees were
found in both circle plots and walking surveys (Table 13). One hundred and forty-two
individuals of naturally established trees were recorded. The most common naturally
established tree species recorded was Litsea cubeba. The species richness of naturally
established seedlings, saplings and mature trees was highest in plot F98, which also had
the second highest total number of individuals.
Table 13. Numbers of naturally established tree species recorded at each plot
Species
Naturally established trees (h > 1 m)
Litsea cubeba
Acacia megaladena
Albizia chinensis
Glochidion sphaerogynum
Gmelina arborea
Markhamia stipulata
Antidesma acidum
Prunus persica
Albizia odoratissima
Dillenia parviflora
Melia toosendan
Eugenia albiflora
Artocarpus gomezianus
Berrya mollis
Buddleja asiatica
Castanopsis armata
Erythrina suberosa
Phoebe lanceolata
Phylanthus emblica
Pterocarpus macrocarpus
Schima wallichii
Wendlandia tinctoria
Lagerstroemia speciosa
Aporusa dioica
Aporusa villosa
Boehmeria chiangmaiensis
Bridelia glauca
Callicarpa arborea
Clerodendrum glandulosum
Cratoxylum formosum
Dalbergia discolor
Dalbergia stipulacea
Dillenia pentagyna
Diospyros glandulosa
Fernandoa adenophylla

F98

C98

P7

C97

Total

No. of
sites
recorded

7
9
9
2
0
0
3
0
0
0
2
1
2
2
1
0
1
2
1
2
1
1
0
1
1
0
0
0
1
0
1
0
1
1
1

20
7
5
5
5
5
1
0
1
3
1
2
0
0
0
2
1
0
1
0
1
1
0
0
0
1
0
1
0
1
0
1
0
0
0

0
0
0
0
0
0
0
2
1
0
0
0
0
0
1
0
0
0
0
0
0
0
1
0
0
0
1
0
0
0
0
0
0
0
0

0
0
0
0
1
0
0
2
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

27
16
14
7
6
5
4
4
3
3
3
3
2
2
2
2
2
2
2
2
2
2
1
1
1
1
1
1
1
1
1
1
1
1
1

2
2
2
2
2
1
2
2
3
1
2
2
1
1
2
1
2
1
2
1
2
2
1
1
1
1
1
1
1
1
1
1
1
1
1
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Species

F98

C98

P7

C97

Ficus hispida
Firmiana colorata
Garuga pinnata
Glochidion eriocarpum
Helicia nilagirica
Ixora cibdela
Maesa montana
Michelia baillonii
Mussaenda parva
Phoebe sp.
Securinega virosa
Sterculia villosa
Stereospermum colais
Turpinia pomifera
Total number of individuals
Total number of species

0
1
1
1
1
1
0
0
0
0
0
0
1
0
59
29

1
0
0
0
0
0
1
1
1
0
1
1
0
1
72
27

0
0
0
0
0
0
0
0
0
0
0
0
0
0
6
5

0
0
0
0
0
0
0
0
0
1
0
0
0
0
5
4

Total
1
1
1
1
1
1
1
1
1
1
1
1
1
1
142
49

No. of
sites
recorded
1
1
1
1
1
1
1
1
1
1
1
1
1
1

In order to find out if forest restoration activities increase naturally established
seedlings, saplings, and mature trees, the rate of seedling establishment between the first
and last surveys must be compared (Table 14). Only planted trees taller than one meter
were considered in this analysis because they have high potential to develop into saplings
and trees, and finally contribute to be the structure of the re-established forest. Naturally
established trees were surveyed in both circle sample plots and walking surveys, but
planted trees were recorded only in circle sample plots.

Density
(No. ha-1)

1st survey
2nd survey

Figure 3. Density of naturally established trees in all surveys
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The numbers of species of naturally established trees in the plots with planted
framework trees (F) and control (C) in the first survey in summer were equal (Total C
= 23, Total F = 23) but the F plots had accumulated more species than the C plots by
the last survey in November (Total C = 29; increased 6 species, Total F = 33; increased
10 species). Considering density (Figure 3), the C plots had a higher density (728 No.
ha-1) than the F plots (528 No. ha-1) in both the first and last surveys, but the F plots
had a higher % rate of increase (830 No. ha-1; increased 57.20%) than the C plots (867
No. ha-1; increased 19.09%). Therefore, not only did tree planting and associated activities
increase the species diversity of ground flora, but it also increased the % density of
naturally established trees in the 1998 plots.
Similarly plots F98 and C98 showed that the numbers of species of naturally
established trees in the first survey were equal (plot C98 = 22, plot F98 = 22), but by
the last survey, plot F98 had more species than plot C98 (plot C98 = 27; increased 5
species, plot F98 = 29; increased 7 species). As for density, plot F98 had a higher %
rate of increase (946 No. ha-1; an increase of 54.32%) than plot C8 (1 126 No. ha-1;
an increase of 13.05%) although plot C98 retained a higher density throughout the study.
In plots F97 and C97, which were partially burnt, only 3 and 2 naturally established
tree species respectively were recorded in the first survey, but by the last survey plot
F97 had more species than plot C97, even though the increase in species was equal (plot
C97 = 2; increased 2 species, plot F97 = 5; increased 2 species). Due to the disappearance
of Prunus persica (2 individuals, an introduced fruit tree species planted by villagers)
in the third walking survey in plot C97, density decreased (201 No. ha-1) and to less
than that in plot F97 (473 No. ha-1). Furthermore, 2 other species were found in the last
walking survey in plot C97, so the number of species found in this case was 3 (Table
13), but the total species found in all surveys was 4 (Table 7).

Framework tree species
Forty-nine individuals of 13 species of framework tree species taller than one meter were
recorded in both plots F98 and F97 (Table 15). The most common planted tree species
found was Hovenia dulcis (6 individuals). The total density of planted trees was 1 698
No. ha-1. Plot F98 had less density (1 528 No. ha -1) than plot F97 (1 935 No. ha -1) (Table
14).
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0
0
102
1

66
1

0
0
357
5

256
17
surveys
270

2

66

2

204

0
0

2

204

F97

No. species
23
23
22
22
2
3
Remark * Planted tree and naturally established tree species were the same.
** Planted tree species in plots 1998 and 1997 were the same.

168

1

5

613

102

407

First survey, April 1999
Total F
C98
F98
C97

Circle plots survey
Naturally established trees
Density (No. ha-1)
441
340
661
No. species
8
7
7
Framework trees
Density (No. ha-1)
0
0
0
No. species
0
0
0
Total
Density (No. ha-1)
441
305
661
No. species
8
7
7
Walking surveys
Naturally established trees
Density (No. ha-1)
287
223
335
No. species
20
18
19
Total of naturally established trees in circle plots and walking
Density (No. ha-1)
728
528
996

Total C

29

867
(+19.09 %)

25

358

9

509

0
0

9

509

Total C

33

830
(+57.20 %)

23

287

35*

2241

23**

1698

13

543

Total F

27

1126
(+13.05 %)

24

413

8

713

0
0

8

713

29

946
(+54.32 %)

22

335

21

2139

13

1528

9

611

2 ***

99

1

102

0
0

1

102

C97

3 ***

201
(+19.64 %)

Last survey, November 1999
C98
F98

5

473
(+75.19 %)

2

66

18

2342

13

1935

4

407

F97

Table 14. Densities and numbers of species of planted (h >1 m) and naturally established trees found in circle sample plots and walking surveys

Table 15. Number of planted tree species recorded at each plot
Species
F98
C98
F97
Planted trees (h> 1m)
Hovenia dulcis
4
0
2
Prunus cerasoides
3
0
2
Bischofia javanica
3
0
0
Gmelina arborea
2
0
1
Heynea trijuga
0
0
3
Manglietia garrettii
3
0
0
Melia toosendan
3
0
0
Sarcosperma arboreum
3
0
0
Erythrina suberosa
2
0
0
Phoebe lanceolata
0
0
2
Quercus semiserrata
2
0
0
Sapindus rarak
1
0
1
Spondias axillaris
2
0
0
Bridelia glauca
0
0
1
Castanopsis acumminatissima
0
0
1
Diospyros glandulosa
1
0
0
Ficus benjamina
0
0
1
Ficus subulata
0
0
1
Glochidion kerrii
0
0
1
Helicia nilagirica
1
0
0
Cinnamomum iners
0
0
1
Markhamia stipulata
0
0
2
Total number of individuals
30
0
19
Total number of species
13
0
13

C97

Total

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

6
5
3
3
3
3
3
3
2
2
2
2
2
1
1
1
1
1
1
1
1
2
49
0

Relative growth rate (RGR)
Most of the planted trees and naturally established seedlings species grew well. Weeding
and fertilizing might have caused the differences in RGR between the planted and naturally
established trees. The native tree species with the highest RGR was Melia toosendan
(181.21 cm cm-1year-1) followed by Manglietia garrettii (175.24 cm cm-1year-1), Diospyros
glandulosa (174.60 cm cm -1 year -1 ) and Sapindus rarak (170.84 cm cm -1 year -1 ).
Surprisingly, Erythrina subumbrans, usually a fast-growing tree species, had low RGR
in this survey, because most of individuals had their shoots broken by wind. Although
most naturally established tree species grew well, their RGR were lower than those of
planted tree species. Only two planted framework tree species, viz. Gmelina arborea
and Markhamia stipulata, had higher RGR than those of naturally established trees of
the same species. Therefore, weeding and applying fertilizer caused the increased RGR
of these two tree species.

Health average and % survival rate
The health of natural and planted tree species was very good. The natural and planted
tree species had high % survival rate except some planted tree species which were recorded
as dead in the first survey, viz. Garcinia mckeaniana, Nyssa javanica, Phoebe lanceolata
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and Aphanamixis polystachya. However, P. lanceolata and A. polystachya were found
in the other circle plots and in the other surveys, but G. mckeaniana and N. javanica
were found just in the first survey. The % survival rate of G. mckeaniana and N. javanica
could not be compared and should not be planted in this area. Furthermore, there was
coppicing in many individuals of Buddleja asiatica (h < 1 m, treelet) only in plot P98
in all three walking surveys. Tree planting with weeding and fire protection probably
caused this result.

CONCLUSION AND RECOMMENDATIONS
It could be concluded that:
1.

2.

3.

4.

In the first year after tree planting, the species richness and evenness of the ground
flora in plot F98 increased when compared with plot C98, probably because weeding
removed dominant perennial herbs, allowing invasion of plot F98 by annual herbs,
especially of the family Compositae.
Two years after planting, the diversity of the ground flora species in plot F97 decreased
because the planted tree canopy closed, which also shaded out and reduced
opportunities for establishment of new species of ground flora. Ground flora diversity
was higher in plot C97, but evenness was lower than in plot F97.
Weeding and fertilizing accelerated the establishment of natural seedlings and
increased natural plant density in the planted plots, although the increase in species
of naturally established seedlings was equal in the 97 plots and the numbers of natural
tree species found did not differ significantly in both the 1998 and 1997 plots.
Most planted native tree species were in good health and growing fast. All of them,
excluding Nyssa javanica and Garcinia mckeaniana, were suitable and proper species
to plant for forest restoration in this area.

We should consider the value of biodiversity and ecology when we wish to restore
the forest. The results showed that planting native trees with associated fire protection,
weeding, and fertilizer application not only encouraged the establishment of natural
seedlings, but also increased the diversity of ground flora species. Although this research
was a preliminary study, the success of forest restoration will be recorded if the project
is monitored continuously for at least three years. This research shows one way of
accelerating forest succession. In other forest restoration projects, native tree species
should be studied in other areas to find potential framework species in those areas before
making decisions to restore the forest. Also after-care techniques, i.e. fire protection,
weeding in the rainy season and applying fertilizer, should be considered and applied to support
the growth and survival of planted and naturally established trees.
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Company–community
partnership outgrower
schemes in forestry
plantations in Indonesia: an
alternative to conventional
rehabilitation programmes1
Ani Adiwinata Nawir* and Tini Gumartini**

ABSTRACT
Indonesia has a considerable area of degraded land requiring rehabilitation. However,
most rehabilitation projects in the past have been government driven, depending on public
funding (Indonesian Government and international donors), and have focused mainly
on technical aspects. As a result people living in surrounding targeted areas are not
adopting rehabilitation techniques. Innovative approaches are necessary if the objectives
of a rehabilitation programme are to be met while providing benefits to private companies
and local people. The findings of a study of outgrower schemes in Indonesian timber
plantations suggested that company–community partnerships could be an alternative for
implementing rehabilitation programmes. The partnership arrangement over a 10- to
45-year period is based on a contract. It states the rights and duties of each party in
establishing a forestry plantation and the benefit-sharing agreement at the time of harvest.
The schemes take place on logged-over forests and idle lands, mostly Imperata grasslands.
The partnership provides opportunities for forestry plantation companies to play a social
role and rehabilitate degraded resources. It also provides job opportunities to local people
and incomes from harvested timber at the end of each rotation under a long-term contract.

Program for Plantation Forestry on Degraded or Low-Potential Sites Center for International
Forestry Research
*a.nawir@cgiar.org
**t.gumartini@cgiar.org
1

The views expressed in this publication are those of the authors and not those of CIFOR.
The outgrower schemes analysis in this paper was mainly abstracted from the paper of
‘Towards mutually beneficial partnership in outgrower schemes: lessons learnt from
Indonesia” (Nawir et al. 2002).

317

INTRODUCTION
An estimated 43.6 million ha of forest lands, including Production Forests, and
Conservation and Protected Forests (Ministry of Forestry 2002), are in need of
rehabilitation in Indonesia due to improper forestry and non-forestry practices. Considering
the different values provided by forest resources, it is essential that planted forests under
rehabilitation programmes should be economically viable and socially acceptable
alternative sources of wood in the country, thus protecting remaining forests while also
improving poor peoples’ livelihoods. The earliest rehabilitation initiative was probably
the reforestation programme under the South Java Flood Control Sector Project (SJFCP)
in 1976/77 financed with Inpres Funds (government funding based on a Presidential
Instruction), covering the most degraded areas of the island of Java. This project provided
Paraserianthes falcataria seedlings for people to plant. Since then, rehabilitation
programmes that combat degraded forest areas have become an important focus of the
Ministry of Forestry priorities. The latest initiative is the Rehabilitation Programme
through Social Forestry, launched in 2002 to be implemented in eight provinces financed
by the Reforestation Funds and coordinated by local governments.
Most rehabilitation projects in the past have been government driven, dependent
on public funding from the Indonesian Government and international donors, and have
focused mainly on the technical aspects of rehabilitation. Institutional arrangements to
actually executing the rehabilitation programmes were not developed to establish effective
implementation on the ground. As a result there has been little adoption of rehabilitation
techniques by local people living in surrounding targeted areas. Innovative approaches
are necessary if the objectives of a rehabilitation programme are to be achieved, at the
same time giving associated socio-economic benefits to private companies and local
people.
The findings of a study of outgrower schemes in Indonesian plantations show
that company-community partnerships can be an alternative for implementing
rehabilitation programmes. The outgrower scheme is defined as a partnership between
two or more parties combining land, capital, management and market opportunities, formed
with the intention of producing a commercial forest crop or timber in forestry plantations
based on a contractual agreement (Mayers 2000). A study was conducted in Indonesia
with the objective of establishing a mutually beneficial interaction between the local
people and the plantation owners. This paper discusses alternative approaches in executing
rehabilitation programmes in which private companies and local people partners are
actively involved, at the same time meeting rehabilitation objectives. The discussion in
this paper is outlined as follows:
• characteristics of outgrower schemes;
• features of schemes that could allow for their potential positive contribution to
rehabilitation success;
• pre-requisites for success of outgrower schemes;
• conclusions and policy recommendation.

CHARACTERISTICS OF OUTGROWER SCHEMES
With the primary objective of outgrower schemes to establish small-scale timber
plantations, the partnership arrangement extends over a 10- to 45-year period based on
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a contractual document. It states the rights and duties of each party in establishing the
forestry plantation, and the benefit-sharing agreement at the time of harvest. The schemes
take place on logged-over forests and idle lands, mostly Imperata grasslands. The
partnership provides opportunities for forestry plantation companies to play a social role
and restore a degraded resource. It also provides job opportunities to local people and
incomes from harvested timber at the end of each rotation under a long-term contract.
This study was conducted in collaboration with three private companies: Wira
Karya Sakti (WKS) and Finnantara Intiga, both of which are timber plantation concessions
planted to Acacia, and Xylo Indah Pratama, a non-concession timber plantation planted
to Alstonia (Figure 1). Accordingly, schemes identified in the case studies were partnerships
between:
1) Timber plantation concession holder and land claimers/owners residing in the
concession areas. This partnership was initiated in 1999/2000 under a 43-year term.
The first harvesting is expected in 2008. Included in this category were schemes
initiated by WKS and Finnantara.
2) Timber plantation concession holder and land owners on the surrounding plantation
areas outside the concessions. This partnership was initiated in 1999/2000 with a
43-year contract (initiated in 1995 under the Farm Forestry Scheme with eight years
contract). The first harvest is expected in 2003. WKS also initiated this scheme.
3) Non-concession timber plantation and private land owners. This partnership was
initiated in 1995 and the first harvest is expected in 2005. Included was the scheme
initiated by Xylo.

Source: Nawir et al. (2002)

Figure 1. Locations of outgrower schemes in the case studies in Sumatra and
Kalimantan
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Company motivations varied from seeking a substitute for naturally grown timber
or ways to plant claimed areas inside the concessions to improving its reputation. The
landholders were mainly driven by the objective to utilize idle lands (both marginal and
good quality lands), and to have extra income in the future. In the long term, companies
were motivated to establish secure plantation operations by minimizing the economic
risks through building good social relations with the communities. Consequently this
would meet the public relation objectives of gaining better credibility at the national
and international levels to be eligible for the wood certification. Xylo Indah Pratama
was successfully certified by Smart Wood in 1999 following assessment of the ecological
and socio-economic aspects of its management, and has maintained the classification
every year since.

FEATURES OF OUTGROWER SCHEMES WITH POTENTIAL TO
MAKE A POSITIVE CONTRIBUTION TO REHABILITATION
SUCCESS ON DEGRADED LANDS
Different alternatives for rehabilitation projects involving communities have been the
centre of discussions by various scholars, included Pasicolan et al. (1997) and Drilling
(1989 in Kartawinata 1994). There are various management approaches to carrying out
rehabilitation programmes and outgrower schemes complement these alternatives.
However, the approach chosen should be influenced by the local socio-economic context
and level of degradation (Lamb & Tomlinson 1994). Identified approaches in implementing
rehabilitation project include:
a.
b.
c.
d.

farm forestry executed by spontaneous tree growers;
taungya system;
integrated Social Forestry/Joint Forest Management/Community Based Forest
Management;
contract Reforestation Projects.

Although not specifically a rehabilitation project, PICOP (Paper Industries
Corporation of the Philippines) initiated an outgrower scheme in 1968 with local
communities to grow Paraserianthes falcataria for the company’s pulpwood requirements.
The number of participating farmers increased significantly from the 1980s until the early
1990s (Matela 1984 and Kato 1996, as cited by Arnold 1998), which was an indication
of the farmers’ interest in what was perceived to be a mutually beneficial undertaking.
PICOP’s scheme did not survive due to changes in the company management who were
not interested in continuing the scheme, the fall of P. falcataria prices and technical
problems of using P. falcataria to produce pulp. However, the PICOP’s scheme provided
valuable lessons for other companies to initiate outgrower schemes, and possibly to
implement effective rehabilitation programmes. The lessons learnt from the outgrower
schemes are useful in providing alternatives to managing rehabilitation projects in
Indonesia.
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Alternative modes of financing and enhancing potential economic
viability of rehabilitation projects
Rehabilitation projects have always been associated with high costs (Lamb & Tomlinson
1994, Pasicolan et al. 1997). This applies also in Indonesia, as indicated by the Ministry
of Forestry, which estimated the cost of forest rehabilitation at Rp2.5–5 million per hectare
or approximately US$271–541 per hectare (Jakarta Post 2000, p. 2). Accordingly, using
the current estimate of forestry-degraded areas, the budget required would be US$3 billion
or Rp22 trillion. As a comparison, the average cost per hectare to develop outgrower
schemes to produce timber as well as financing farming activities was US$518 for a
scheme with Acacia and US$1 859 for a scheme with Alstonia2, not including the revenues
generated at the end of timber harvesting and from farming activities.
For the rehabilitation projects, the government has to seek loans from international
donor agencies, and/or use the reforestation funds paid by private concerns. In outgrower
schemes, private companies provide initial funding for the first rotation (with or without
funding from commercial loans), and for the following rotation the fund is expected to
come from the scheme’s activities. The private funds would contribute to reducing the
government’s financial burden, securing the timber market in advance, accessing the
company’s technology and supporting local infrastructure development.

Addressing the underlying socio-economic causes of land degradation
Various socio-economic aspects have often been highlighted as the root of forest
degradation; most previous rehabilitation projects failed to recognize these as they focussed
mostly on technical aspects. The underlying socio-economic causes of degradation can
be addressed by outgrower schemes.

Avoiding land tenure conflicts
One of companies’ motivations in initiating the schemes was to find a way to productively
plant the areas that were occupied by local people inside the concessions (categorized
as state forests). During the initiation process, to prevent potential conflicts over lands
(with financial implications), companies ensured the lands were free from conflict by clarifying
land status. From the tree growers’ perspective, this process has indirectly led to greater
recognition of their long-term land-user rights or land status. Long-term contract agreements
(11 to 45 years) could be a solution to disputes over access to forestry lands, since various
types of tree-grower rights are acknowledged in the schemes (Table 1).

2

Calculated based on the present values of costs for running the project for one rotation.
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Table 1. Categories of land status included in outgrower schemes
1. Communal land belongs to the village (included adat lands):
• Community members respect the land status as required by adat or customary rules.
• May not be administered in the land status categories according to state law.
2. Individual land based on a judgement from the head of the village on land status
or SKT- Surat Keterangan Tanah:
• Approved by the head of the village and respected by communities at the neighbouring
villages.
• Can be used to obtain a land certificate from the National Land Agency at the provincial
level.
3. Individual land based on a judgement from the head of dusun (sub-village) or SPHSurat Pengakuan Hak:
• Approved by the head of dusun (sub-village) and may be respected among villages.
• Can be used to obtain a land certificate, but with longer administration procedures.
4. Individual land based on a land certificate:
• Legalised land status and approved by all levels of government authorities.
• Respected by all parties.
5. Paper on right over transmigration areas:
• Secured land status under government resettlement/transmigration programme.
• Respected by all parties.
Source: Nawir et al. (2002).

Creating a conducive environment for community participation
through clear delineation of rights and responsibilities
a. Company’s responsibilities and rights
Companies are responsible for all the costs in establishing plantations, as well as setting
up institutional arrangements for local tree growers, conducting training and related
extension programmes. In return, companies secure access to jointly managed lands and
planted timber crops by placing supervision responsibilities in the hands of tree growers.
Specific responsibilities and rights are as follows:

Company’s responsibility:
1) to manage outgrower lands with the objective of developing timber plantations;
2) to make advanced payments in relation to the initial activities and expenses of schemes
in establishing plantations;
3) to strengthen tree growers’ capacities to become partners in the outgrower scheme
by assisting the community to improve organisation skills and by providing training
and extension in plantation management;
4) to guarantee commercial loans made by tree growers to use as basic capital (if loans
are required);
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5) to secure the rights of tree growers to have first priority to be employed in outgrower
plantations and paid at the wage rate defined by the company;
6) to define procedures/terms of payments/wage rates.

Company’s rights:
1) to have full rights and access over the land under the contract terms and to harvest
planted trees;
2) to buy timber/cash crops at the current market price/to decide the royalty rates for
calculating entitlements of tree growers under any benefit-sharing agreement.
b. Local tree growers’ responsibilities and rights
In general, land owners/tree growers are mainly responsible for securing company access
to the areas by not transferring the land ownership (unless the right to harvest remains
with the company) to other people, and by maintaining and protecting the planted areas
from theft and/or fires. If loans are involved, land owners as a group are responsible
for paying back the credit. In return, besides receiving a certain proportion of the net
revenue from harvested timber crops, tree growers have access to various incentives
provided by companies, such as income options to bridge the period between planting
and harvesting. Specific responsibilities and rights include:

Local tree growers’ responsibilities:
1) to co-operate with the company and make no objection to hand over the land to the
company during the period of contract;
2) to be responsible for planting, fertilizing and maintaining trees according to the
company working plan;
3) to define land boundaries included in the schemes;
4) to protect plantations from trespassers and forest fires;
5) to face claims from a third party (if any), and reimburse all expenses paid by the
company;
6) to grant secure company access to the plantation areas, since tree growers have no
right to use, or lease their land to other parties without written permission from the
company (and the right to harvest remains with the company);
7) to pay tax for land and property (PBB- Pajak Bumi dan Bangunan);
8) to form a Forest Farmer Co-operative, and to return the basic capital (if it was from
loans).

Tree growers’ rights:
1) to be employed to work on the plantations, and paid at the wage rate decided by
the company;
2) to have their lands back if the contract is terminated;
3) to practise multi-cropping as long as the main timber crops are maintained;
4) to take over trees on their rights and other tree species growing on the lands
(specifically for Xylo);
5) to transfer outgrowers’ rights to their legal heirs (specifically for Xylo);
6) to be trained by the company;
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7) to receive incentives on land, infrastructure, and revenues based on the royalty of
10% planted trees (Finnantara Scheme);
8) to enjoy the benefits from community development programmes: rubber, agroforestry,
native species, credit facilities (Finnantara Scheme).
c. Providing benefit-sharing arrangements
Net revenue-sharing agreements between company and tree growers vary from equal
sharing (50:50), 60 to 40, 80 to 20, and 90 to 10, depending on contributed inputs and
the basis used to define the proportion, such as share holdings, royalties and company
contributions to build the local infrastructures. Table 2 shows the Net Present Values
(NPV) of the schemes for one rotation and the shared revenues according the agreement.
NPV explain future net revenues of the scheme at the end of a rotation and are discounted
to the present values by using the interest rate as the discount factor. In this study 12
percent (for savings) and 20 percent (for commercial loans) interest rates were used.
Table 2. Net Present Values (NPV) of outgrower schemes studied
Net Present Values (NPV)a
Estimated values
Rp (000)
USD
1. Low estimationb
2 134
231
2. High estimationb
5 689
616
Average
3 912
423
Shared benefitsc:
• Company
• Tree growers

1 719
898

186
97

Notes:
a. Estimated NPV of one rotation for three case studied schemes, and excluded one scheme with negative
NPV.
b. Low and high estimation referred to estimated volumes of timber produced.
c. Estimated average values of all schemes. Individual scheme has specific benefit sharing arrangement
for company and local tree growers.
Source: Analysed from Nawir et al. (2002).

Financially, the schemes have the potential to provide net revenues for local tree
growers. However, since the revenues depend on the efforts to meet the timber targets,
the main challenge is to meet the technical requirements so these target production are
met. In the case of Finnantara in West Kalimantan, outgrower schemes could also be
targeted at local shifting cultivators. Such an agreement would be beneficial because
the shifting cultivators might be the main agent of forest degradation in the local area.

Financing rehabilitation through private investment with targeted longterm financial returns
Scope for companies to produce timber while maintaining ecological and
social goodwill
Commercial feasibility in the long-term is very important for private companies to initiate
outgrower schemes, likewise if they are willing to become involved in a rehabilitation
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project. The commercial feasibility of an outgrower scheme is determined by the quantity
of timber produced from the plantations (Table 3).
Table 3. Estimated timber production from outgrower scheme areas (all schemes)
Schemes planted
Scheme planted
Comparison
to Acaciaa
to Alstoniab
Potential harvested
Inside concessions:
On community lands:
outgrower scheme
5 993–10 296 ha
1 350 ha
areas per yearc
On community lands:
1 644 ha
Estimated standing
75–150 m3ha-1
100–260 m3ha-1
d
volume per hectare
Estimated total
1 344 953–2 689 906 m3
152 500–396 500 m3
harvested volume
Contribution to annual
33 – 67 percent
More than 100 percente
e
company requirement
Notes:
a. Schemes initiated by Wira Karya Sakti (WKS) and Finnantara Intiga inside timber plantation concession
areas and on community lands.
b. Scheme initiated by Xylo Indah Pratama (XIP).
c. Based on estimated average planting areas per year, except for WKS scheme inside concession which
was calculated based on potential areas planned to be managed under eight rotations.
d. The lower limit was estimated at 50 percent lower than the upper limit, which was the figure used
by companies in the feasibility study.
e. Requirement of processing companies.
f. More than 100 percent because company owns small-scale processing capacity.
Source: Analysed from Nawir et al. (2002).

Overall the estimated timber produced suggests that the plantations developed
under the outgrower schemes could become reliable wood sources. The estimated total
wood produced could contribute up to 67 percent for pulp processing companies (in
addition to companies’ supplies from their own plantation areas). Excess supplies for
Xylo processing plants would be used to produce pencil slats, since the company owns
a small-scale plant. The excess supplies might also be absorbed by the local market to
be used for construction purposes and mouldings.

Providing incentives and complementary income-generating
programmes for tree growers
In line with the main outgrower scheme’s objective to produce timber, the case studies
focussed on 90–100 percent of the areas managed under partnership to develop timber
plantations. In initiating the schemes, companies recognize that returns on the investment
in timber plantations take many years before harvesting, which would be difficult for
tree growers with limited income options to fulfil their basic needs during this waiting
period. The companies are interested in filling these gaps to prevent the tree grower partners
breaking the contract and to ensure the companies will get the timber at the end. Therefore,
companies have provided different incentives and developed various complementary
programmes to provide tree growers with options for generating incomes (Table 4).
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Table 4. General designs of the case-studied outgrower schemesa
1. Main programme on outgrower scheme areas
a. 90–100 percent of the areas used for plantations (Alstonia and Acacia)b
b. On five to ten percent of the areas, company initiated:
• farming activities of food crops such as patin (local fish), and corn
• developing rubber plantations
• planting indigenous species
2. Other incentives as part of the partnership programmec
a. Farming/economic activities:
• agroforestry and cash crop programmes
• credit and savings programmes
b. Financial incentives:
• social funds
• land incentives and funds for infrastructure development
• incentives for conducting a traditional ceremony prior to land clearing
c. Capacity building:
• training in the field
• organising tree growers by forming cooperatives
Notes:
a. Summarizing from individual scheme designs in the case studies.
b. Government regulation ruled the composition of the main crops (90%) and other crops (10%).
c. Social funds provided in responce to local communities’ requests for financing social occasions.
Source: Nawir et al. (2002)

The designs provided opportunities for tree growers to gain tangible and intangible
benefits, such as access to field training. Companies could also act as agents to conduct forestry
extension programmes as a complement to local forestry offices’ responsibilities.

Promoting more ecologically based practices
In the case studies, outgrower schemes promote practices that are important from the
ecological point of view. Timber plantation companies are mandated to manage loggedover areas, since these are areas granted by the Ministry of Forestry. The companies
employ the tree growers for manual labour in operations such as land clearing. Because
of the scattered locations of outgrower scheme plantations, sometimes it is not costefficient to apply mechanical operations.
By default, the rehabilitation project focusses on degraded areas that require adequate
technical treatment, such as good planting stock and early weed control (Lamb & Tomlinson
1994). Involving private timber plantation companies (who usually have a department working
on research and development) will be important to fulfil the technical requirements since the
privates’ sites are well equipped with the latest technical knowledge, and usually located closed
to the areas for developing technical guidelines for local practices for their partners to improve
their skills in outgrower schemes. Specific features included:
1) Environmental Impact Assessment (EIA):
• conducted by an independent evaluation team (Finnantara Scheme);
• conducted annually as part of company’s working plans.
2) Focus on degraded lands (logged-over areas) and peat swamp areas
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3) Community participation allows for low impact land preparation technique:
a. manual land clearing, except for road development;
b. forest fire prevention
• minimum burning techniques in plantation areas;
• demonstration of fire prevention techniques by company staff;
• incentives provided for local tree growers to report burning activities to the
company if they clear their gardens for planting food crops;
• incentives provided for tree growers to supervise the plantation during the dry
season.
5) Scope for having more mixed canopy change and higher species diversity:
• at the landscape level through programmes on rubber plantations, local (indigenous)
species and agroforestry;
• area development based on the proportion of 90% (main timber crops) and 10%
(cash crops);
• multi-cropping allowed in Alstonia plantation areas.

ESSENTIAL PREREQUISITES FOR SUCCESS OF OUTGROWER
SCHEMES
Sustaining the partnerships in outgrower schemes under a long-term contract is a challenge
in itself. One way is to ensure the partnership is mutually beneficial for both parties,
which will provide greater chances for outgrower schemes to be viable and can be effective
in achieving defined objectives (could be land rehabilitation). This will be in line with
the framework of prerequisites for mutually beneficial partnerships (Nawir et al. 2002),
which are:
• commercially feasible under a long-term partnership contract;
• mutually beneficial arrangement, which is developed based on fair contractual
agreement determined by fair valuation of shared inputs for mutual economic and
social objectives, and a full understanding from both parties of the potential
consequences and risks of joining the partnership;
• mutual economic and social objectives indicated by mutual acceptance of each
partner’s objectives as included in the arrangement;
• the process to achieve the objective to be in line with the co-management concept:
participation as one of the key principles.
Further commercial viability to both company and tree grower partners depends on several
conditions for success:
• link with processing industry/timber market, which is important to secure the
market for timber produced by tree grower partners;
• taking into account the inputs of both parties to define the benefit-sharing agreement
and timber-buying prices from tree growers;
• managing crucial cost components (such as transaction costs which include
community organizing and social funds) based on cost-effectiveness of small-scale
timber plantation management;
• designing a re-investment mechanism as part of the agreement.
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Often, companies do not want to invest in outgrower schemes as they are sceptical that
the tree growers’ commitments can be secured in the long term. The case studies suggested
that tree growers’ long-term commitment could be secured by:
1) ensuring fair and profitable revenues from the first harvest which is important for
tree growers to continue joining the partnership;
2) providing income opportunities during the grace period on the condition that there
are high land opportunity costs and limited income opportunities;
3) accommodating local socio-cultural conditions and needs based on a proper
community needs assessment for cost-effective investments on different programmes
of alternative incomes;
4) securing the land status (although not necessarily land title, such as the user rights);
5) effective association/cooperative/institution to represent tree growers in negotiating
with the company.
Maintaining outgrower schemes under a long-term contract is more difficult than
the initiation process. The arrangement should be flexible enough to adapt to the changing
socio-economic conditions within the framework of initial mutual objectives. Maintaining
outgrower schemes under long-term contract is a continuing and dynamic process and
trade-offs are inevitable. Taking into account the elements of the dynamic processes in
maintaining outgrower schemes will be one way to ensure a mutually beneficial
partnership.

CONCLUSION AND POLICY RECOMMENDATIONS
Case studies suggested that different arrangements of outgrower schemes could potentially
have significant roles in managing rehabilitation projects. Outgrower schemes include
potential features that are in line with farm forestry and can be regarded as cost-effective
and sustainable schemes to reforest marginal remote areas (Pasicolan et al. 1997). They
are cost-effective, since the process will mostly involve the most relevant key stakeholders,
such as timber plantation companies and the surrounding communities, and socio-economic
benefits are gained by both parties. However, challenges still remain to ensure the schemes
are mutually beneficial for both parties. Policies should be directed to provide an
environment for companies to become involved in rehabilitation programmes, while
maintaining commercial objectives, such as:
• exempting private companies from paying Reforestation Funds, if they are
committed to developing rehabilitation programmes in their operational areas under
government supervision;
• clarifying the role of third parties (government at different levels and NGOs) for
effective implementation of outgrower schemes on the grounds that they are
essential areas to be further explored.
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Land and forest degradation has become so devastating in the Asia-Pacific
region that it is now bringing severe environmental and economic
problems, and is beginning to threaten the livelihoods of millions of
people. The need to rehabilitate these lands and forests is growing.
Rehabilitation in the past was largely limited to monocultures and
enrichment plantings. Most such efforts met with failure or were not costeffective. But the science of rehabilitation has advanced significantly –
now forest rehabilitation procedures seek to go far beyond commercial
timber production. New rehabilitation techniques are being developed to
increase biodiversity and ecological services, and initiatives are
purposefully linked with social development programmes. This
publication includes papers presented at an international conference held
7 – 10 October 2002 in Kuala Lumpur, Malaysia, giving a comprehensive
overview of the various initiatives and experiences gained in Bringing
Back the Forests.
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