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Abstract

The role and value of species in agroforestry systems are often well known, however, less is known of
the actual growth and production of many of these species, particularly, for underutilized species. This
limited information hinders the assessment of growth and production of the species. Candlenut
(Aleurites moluccana) and kapok (Ceiba pentandra) are two underutilized agroforestry species for
which limited information is available. Growth and production (yield) predictions can be used to
identify the best strategies for managing agroforestry systems and analysing the costs and benefits of
various scenarios.

Production and growth estimation of candlenut and kapok in this study combined measurement of
growth indicators (diameter, crown width) with farmers’ local knowledge. The growth prediction
model, Spatially Explicit Individual-based Forest Simulator (SExI-FS), was used to explore the yield
dynamics of candlenut and kapok under various agroforestry scenarios.

Farmers’ perceptions were shown to be reliable for estimating fruit yields. Perceptions were more
reliable from farmers who directly harvested the fruit. The inclusion of Crown Position and Crown
Form indexes improved the estimation correlation of yields with tree diameters. The simulation model
in a mixed kapok and candlenut scenario showed that candlenut was more competitive than kapok if
planted at more than 30% of the total plant density.
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1. Introduction

Traditionally managed agroforests have complex vegetation structure comprised of many plant
species deliberately mixed to produce multiple products and uses. There are obvious ecological and
economic advantages for developing complex agroforestry, mixed species’ systems (Michon and de
Foresta 1996, de Foresta et al 2000). While the role and value of species in agroforestry systems are
often well known, little is known of the actual production and growth of those species, particularly,
for underutilized species. This limited information has restricted assessment of production and growth
of trees that typically require intense investments of time and money. On the other hand, farmers with
long experience of mixed systems understand the production and growth of tree species in such
systems. Thus, estimating tree production and tree growth based on farmers’ knowledge is a viable
alternative to long-term field testing.

Local ecological knowledge that is based on real-world observation and farmers’ experience is
believed to provide reliable biophysical data (Sinclair and Joshi 2000). Laxman et al (2001) found that
local knowledge was like scientific knowledge: cumulative and evolutionary. Although local
knowledge arises from various approaches, it most often leads to valid conclusions. A method for
understanding fruit production based on farmers’ knowledge was tested by Salafsky (1995) for durian
(Durio zibethinus) by employing a geographical information system (GIS) analysis to examine the
beliefs of forest tree-garden owners in West Kalimantan, Indonesia. The study concluded that farmers
generally had accurate perceptions as to how ecological factors influenced durian production. Moller
et al (2004) used a combination of traditional ecological knowledge and science to monitor
populations for sustainable wildlife harvests by indigenous peoples. Conventional scientific practices
are precise but can be expensive and may require specialized skills or technology whereas most
traditional monitoring methods used by indigenous cultures are rapid and low-cost, producing easily
comprehensible assessments (Moller et al 2004).

Yield predictions for agroforestry systems can be used for finding the best strategies for managing
tree gardens and analysing the costs and benefits of scenarios. While observation of annual crops can
be fast and easy, research on perennial plants can take years and sometimes require larger areas to
provide sufficient data. The combination of local ecological knowledge and physical observation of
yield productivity in agroforestry systems can, thus, be an efficient and effective method of obtaining
results.

Candlenut (Aleurites moluccana) and kapok (Ceiba pentandra) are two well-known agroforestry
species that are often prioritized for development by smallholders in their agroforestry systems in
Indonesia (Gunasena and Roshetko 2000, Roshetko and Evans 1999). Both species contribute to the
livelihoods of farmers yet limited information on their growth and production is available. These
species are tolerant of drought and provide ecosystem functions as wind breaks (Krisnawati et al
2011a, Brown 2012). However, their domestication is limited compared to other more economically
valuable commaodities such as rubber, coffee and cacao. For farmers, these two species provide
additional income, particularly, during droughts that decrease the production of other more
economically valuable species. Information on production and growth helps measure species’
potential for greater domestication, which ultimately helps enhance farmers’ livelihoods.



Thus, growth and production of candlenut and kapok were estimated in this study by combining
measurement of growth indicators (diameter, crown width) with farmers’ local knowledge. The
growth prediction model, Spatially Explicit Individual-based Forest Simulator (SExI-FS), developed
by Harja and Vincent (2008) was used to explore the yield dynamics of candlenut and kapok under
various agroforestry scenarios. The results of this study are expected to contribute to the development
of more efficient methods for estimating growth and production of underutilized species cultivated in
agroforestry systems.

2. Data Collection

Species’ descriptions

Ceiba pentandra (kapok) is native to Mexico, the Caribbean and West Africa. The tree is cultivated
for the seed fibre, particularly in Southeast Asia. The species is also known as Java cotton, Java
kapok, silk-cotton, ‘samauma’ or ‘ceiba’. Kapok fibre is an important commercial fibre for Indonesia
and also Thailand, the main producers of kapok, with about 80,000 t and 40,000-45,000 t per year
during 2000-2004, respectively. The standard plantation of Ceiba pentandra is 7 x 7 m spacing (204
trees/ha). Under optimal conditions the tree yields 330400 fruit per year (15-18 kg fibre and about
30 kg seed), with average annual fibre yield ranging 450-700 kg/ha. The tree grows to 60—70 m (200-
230 ft) and has a very substantial trunk of up to 3 m (10 ft) in diameter, with buttresses. It can be
found in various types of moist evergreen and deciduous forests as well as in dry forests and gallery
forests. As a pioneer species, it mostly occurs in secondary forests. The wood is variable in colour,
from white to light brown, but sap-staining fungi may darken it. The wood is very light, with specific
gravity of 0.3032 g/cm? (Duval 2009).

Aleurites moluccana (candlenut) is a medium-sized tree, up to 20 m tall, with wide-spreading or
pendulous branches. Seedlings are planted at a density of 300/ha. In plantations, nut yields are
estimated at 5-20 t/ha/year, with individual trees producing 30—80 kg/year. A report by Elevitch and
Manner (2006) on plantations of 200 trees/ha found nut yields at 80 kg/tree or 16 mt/ha/yr. Oil
production varies 15-20% of nut weight. Most oil produced in India, Sri Lanka and other tropical
regions is used locally and does not feature in international trade (Orwa 2009). The habitat of
candlenut is subtropical dry to wet and tropical very dry to wet forest climates. Preferred altitude for
candlenut is 0—700 m (0-2300 ft) with rainfall of 640-4290 mm (25-170 in). Candlenut is a light-
demanding species but still able to live under shade of up to 25% of canopy openness. The species is
quite drought tolerant and can grow on less fertile soil. The wood is straw coloured and very light
weight (specific gravity of 0.35 g/cm?®) and can be burned as a low-quality fuel (Elevitch and Manner
2006).

Location

The study was conducted in Bantaeng District, South Sulawesi Province, Indonesia, in a relatively dry
climate zone (Faridah et al 2012). Bantaeng is located at 5°21'23"-5°35'26"S and 119°51'42"—
120°5'26"E, with a total area of 395.83 km?.



Agroforestry plays an important role in local livelihoods in Bantaeng, with candlenut and kapok as
two of the most important species (Khususiyah et al 2012). Measurement and observation in this
study was conducted in sub-districts dominated by candlenut and kapok: Bissapu, Eremerasa,
Pa’jukukang, Sinoa and Gantarang Keke.

Method

Data was collected using a combination of biophysical measurements and individual interviews with
farmers to obtain their perceptions and local knowledge of candlenut and kapok growth and
production. Measurements were conducted during the fruiting season of kapok and candlenut, that is,
from August to October 2013 for kapok and from September to November 2014 for candlenut
(Munawir 2013, Lanisa 2015).

Tree gardens that contained kapok and candlenut were selected as study sites in each sub-district.
Interviews were conducted with the owners of the tree gardens regarding the previous year’s
production of individual kapok and candlenut trees. The owners were asked to measure the individual
trees in their gardens. The tree characteristics measured were tree size (diameter at breast height
(DBH)), Crown Position Index (CP) and Crown Form Index (CF). CP is an index of light gap above
the canopy while CF is an index of crown condition. CP values 1 through 5 are illustrated in Figure 1
and CF values 1 through 5 are illustrated in Figure 2. CP and CF are good predictors of tree-growth
competition (Vincent 2002).
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In this study, 510 trees of kapok and 473 trees of candlenut, with diameters ranging 10-150 cm, were
measured (Munawir 2013, Lanisa 2015). Fifteen farmers were interviewed to obtain information on
candlenut and 27 farmers were interviewed for kapok.

Data analysis
The kapok and candlenut yields” model used a general linear model with key variables: DBH, CP and
CF. All analyses used R software version 3.2.1 (R Core Team 2015) and R Studio version 0.99.467 (R
Studio Team 2015).

3. Results and Discussion

Correlation between yields based on farmers’ perceptions of tree
characteristics

Correlation between yields based on farmers’ perceptions with measured tree characteristics can be
different between species because each species has its own unique characteristics. Different tree
characteristics (DBH, CP and CF) were plotted against yield. Linear regression was applied to obtain
the correlation coefficient and general linear model with interaction between yields and DBH, CP and
CF.

Kapok

Correlation between yield and diameter in kapok trees showed that only 59% of yield was explained
by diameter (Figure 3.). The other 41% was explained by other factors, including tree conditions,
ecological factors, respondent subjectivities and other unknown factors.
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Figure 3. Correlation between yields based on farmers’ perspectives

Note: Diameter (cm) measured from 510 individual kapok trees (r=0.585)



If CP and CF as indicators of ecological factors and tree conditions were included in the correlation
model estimation, the correlation between yields with DBH, CP and CF increased to 75% from 59%.
The model prediction used to calculate the correlation between kapok yields, diameter, CP and CF
index was:

Yields = -3.55 + (-0.31+0.11CP+0.15CF) * Diameter

Where: Yields is kapok yields in kg; CP and CF index in 1-5 scale; Diameter is DBH in cm.

Distribution of measured trees were not equally distributed per group of CP and CF. Most of the
measured kapok trees had CP=3 and CF=3 because most of the kapok trees occurred in monocultural
systems or simple mixed agroforestry containing a few other species, such as teak or candlenut.
Correlation between diameter and kapok yields varied between CP and CF categories (Figure 4). CP 1
and CF 1 both have significantly different linear regression trends if compared to CP and CF of other
categories. This is because in CP 1 and CF 1, the trees have lower production.
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Figure 4. Correlation between kapok yields with diameter, CP and CF
Ceiba pentandra is a fast-growing species with annual increases in height and diameter during its first

10 years of about 1.2 m and 3—4 cm, respectively. In forest gaps, tree height growth is 2 m/year
(Duval 2009). The crown transparency is 88%, with allometric relation for DBH-Height and DBH-



Crown Width as shown in Figure 5, which was calculated using secondary allometric data from
Meilby and Puri (2013), Gawali (2014), Leopold et al (2001) and Majid et al (1998).
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Figure 5. Allometric relation of Ceiba pentandra for DBH-Height and DBH-Crown Width

Candlenut

Correlation between yield and diameter in candlenut trees showed that only 30% of yield was
explained by diameter (Figure 6) while the other 70% was caused by other factors, including tree
conditions, ecology, respondent subjectivities and other unknown issues.
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Figure 6. Correlation between yields based on farmers’ perspectives

Note: Diameter (cm) was direct measured from 473 individual candlenut trees (r=0.295)



When CP and CF as indicators of ecological factors and tree condition were included in the
correlation model estimation, the correlation between yields with diameter, CP and CF increased to
36% from 30%. The correlation was too low, with a possible cause being the fruit collection
technique, which is very different compared to kapok. For candlenut, farmers usually collect the fruit
that have fallen to the ground, so they are not sure which tree produced the fruit. The model prediction
used to calculate the correlation between candlenut yields, diameter, CP and CF was:

Yields = 4.16 + (-0.19+0.33CP+0.16CF) * Diameter
Where: Yields is candlenut yields in kg. CP and CF index in 1-5 scale. Diameter is DBH in cm.

Distribution of measured trees was not equal per group of CP and CF. Most of the measured
candlenut trees had CP=3 and 4, and CF=3 and 4, because most of the trees were in monocultural or
simple agroforestry systems with other species, such as teak or kapok. Correlation between diameter
and kapok yields varied between CP and CF categories (Figure 7). During measurement, there were
no trees that had CP 1 and CF 1 because there were no new plantings in the previous 5 years;
candlenut was no longer considered a priority species compared to other more economically valuable
species, such as clove and cacao. Correlation between yields with tree diameter for CF 5 had a
different trend of linear regression when compared with other correlations.
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Figure 7. Correlation between candlenut yields with diameter, CP and CF

A study conducted by Rosman and Djauhariya (2006) showed that candlenut production increases up
to the age of 20 years and starts decreasing at 70 years. The growth rate of young candlenut trees (3-5



years-old) is about 1.1-4.5 cm/year in diameter and 1.0-2.5 m/year in height (Krisnawati et al 2011).
This height growth is greater than the growth rate reported by Elevitch and Manner (2006) in Hawaii:
0.5-1.5 m growth in height per year under favourable conditions. The diameter—height allometry
correlation for candlenut was based on observations by Krisnawati et al (2011), as follows: Height =
1.3 + 34.316 exp(-3.121 exp(-0.044D)).

Modelling production of kapok and candlenut under various
agroforestry systems

Scenarios

For modelling the kapok and candlenut under various agroforestry systems, scenarios were developed
based on common practices in the field, with estimated total tree density of kapok and candlenut of
300 trees/ha. Five scenarios were designed based on the composition of kapok and candlenut: 1)
Monocultural kapok (100% kapok); 2) Monocultural candlenut (100% candlenut); 3) Agroforestry 1
(AF1) with proportion of kapok and candlenut of 50:50; 4) Agroforestry 2 (AF2) with proportion of
kapok and candlenut of 70:30; 5) Agroforestry 3 (AF3) with proportion of kapok and candlenut of
30:70.

The scenarios were vertically projected on 50 x 50 m sampling plot in the SExI-FS model with
simulation age of 30 years (Figure 8). The trees were shown as planted at randomized spacings.

Kapok monoculture Candlenut monoculture AF1-Kapok candlenut = 50:50

»5

AF2-Kapok:candlenut = 70:30 AF3-Kapok:candlenut = 30:70

R

Figure 8. Vertical projection of tree crown by SExI model after 30 years plantation from
five simulated scenarios of kapok and candlenut




Modelling

Yield data for modelling the production of kapok and candlenut were based on yield information from
farmers and direct measurement in the field on diameter, CP and CF. The models for different
scenarios were run for 30 years of simulation age, with the results split based by species, that is,
kapok (Figure 9) and candlenut (Figure 10).
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Figure 9. Prediction of kapok yields in 30 years under different scenarios (monoculture, AF1, AF2 and AF3)

Both species have better production in monocultural systems. However, the trend was different
between kapok and candlenut after 20 years of simulation: candlenut yields started to decrease while
yields increased for kapok. In kapok, there was also a decreasing trend when planted with candlenut
under an agroforestry system while candlenut shows an increase in production when grown with
kapok under agroforestry systems. Thus, candlenut has higher potential to be grown with other
species (including kapok) under agroforestry systems in which at least 70% of the tree component is
candlenut.

The results of the modelling were concurrent with empirical observation in another study that showed
the average production of candlenut was 10 kg/tree in the first year of fruiting, 25 kg/tree by the sixth
year, and 35-50 kg/tree at 10 to 20 years (Tanaka 2002). The tree can reach yields of 50 kg/tree for
large trees. Moreover, when candlenut was planted at a density of 200 trees/ha (nearly monoculture),
the expected yield of candlenut was about 80 kg of seeds per tree per year (Krisnawati et al 2011).
The average yield for candlenut plantations in Indonesia is about 0.35 ton/ha, which is very low, but
can reach 2-3 ton/ha under intensive cultivation. In Aceh and North Sumatra, the average yield is up
to 1 ton/ha while in South Sulawesi and East Nusa Tenggara yields were only 0.3 and 0.15 ton/ha,
respectively (Tanaka 2002).



Monoculture

4
AF3
—_
=
9 3
> AF1
=
< AF2
=]
é 2
%]
s
2
- 1
0

1234567 8 9101112131415161718192021222324252627282930
Years of planting
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Based on the simulation models for 30 years, the correlation between kapok and candlenut diameter
and yields showed different trends (Figure 11). The plot shows the relationship between tree diameter
and yield for 30 years-old trees of varied spacing and growth rates. The average yield of kapok was
16.4 kg/tree, and candlenut was 10.9 kg/tree.
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4. Conclusion

Data of farmers’ perspectives and field measurements demonstrated that there were different levels of
correlation between yields and tree diameter of the two species. Farmers’ perceptions were more
reliable for estimating yields when farmers directly harvested fruit from the trees, as was the case for
kapok, compared to candlenut where fruit was collected from the ground. The low correlation index
between yields (based on farmers’ perspectives) with diameter led to the need to include not only tree
diameter in the model but also the CP and CF as variables for better estimation of the yield.

The method introduced in this study is considered a rapid assessment of yield predictions, which is
efficient in resources and time allocation. The minimum amount of data to develop a model
simulating reliable CP and CF effects is suggested to be 500. This method is valid for species that are
grown under natural conditions, without application of fertilizer and pruning. The accuracy of the
model for modified genetic (clonal or otherwise improved) material or in more intensively managed
tree gardens is not known.

Modelling the yields under various agroforestry systems is useful to predict the species compatibility
with other species as shown in this study, that is, the competition between kapok and candlenut. Based
on the simulation model, in a mixed kapok—candlenut scenario, candlenut is more competitive than
kapok. When kapok is planted with candlenut, it is recommended that candlenut compose a maximum
of 30% of the total tree population.
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Seri Agroforestri dan Kehutanan di Sulawesi: Kebutuhan penyuluhan agroforestri pada tingkat
masyarakat di lokasi proyek AgFor di Sulawesi Selatan dan Tenggara, Indonesia.
http://dx.doi.org/10.5716/WP13044.PDF
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Farmer-to-farmer extension in Cameroon: a survey of extension organizations.
http://dx.doi.org/10.5716/WP14383.PDF
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“Projected Climate Change and Impact on Bioclimatic Conditions in the Central and South-
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Land Cover Changes, Forest Loss and Degradation in Kutai Barat, Indonesia.
http://dx.doi.org/10.5716/WP14145.PDF

The Farmer-to-Farmer Extension Approach in Malawi: A Survey of Lead Farmers.
http://dx.doi.org/10.5716/WP14152.PDF

Evaluating indicators of land degradation and targeting agroforestry interventions in
smallholder farming systems in Ethiopia. http://dx.doi.org/10.5716/WP14252.PDF

Land health surveillance for identifying land constraints and targeting land management
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Land health surveillance in four agroecologies in Malawi

Cocoa Land Health Surveillance: an evidence-based approach to sustainable management of
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Situational analysis report: Xishuangbanna autonomous Dai Prefecture, Yunnan Province,
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Farmer-to-farmer extension: a survey of lead farmers in Cameroon.
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http://dx.doi.org/10.5716/WP15022.PDF
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Tinh, Viet Nam http://dx.doi.org/10.5716/WP15050.PDF
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Agroforestry and Forestry in Sulawesi series: Smallholders’ coffee production and marketing in
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Mobile phone ownership and use of short message service by farmer trainers: a case study of
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Associating multivariate climatic descriptors with cereal yields: a case study of Southern Burkina
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groups in Kenya http://dx.doi.org/10.5716/WP15675.PDF
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Scaling up climate-smart agriculture: lessons learned from South Asia and pathways for success
http://dx.doi.org/10.5716/WP15720.PDF

Agroforestry and Forestry in Sulawesi series: Local perceptions of forest ecosystem services and
collaborative formulation of reward mechanisms in South and Southeast Sulawesi
http://dx.doi.org/10.5716/WP15721.PDF

Potential and challenges in implementing the co-investment of ecosystem services scheme in
Buol District, Indonesia. http://dx.doi.org/10.5716/WP15722.PDF

Tree diversity and its utilization by the local community in Buol District, Indonesia
http://dx.doi.org/10.5716/WP15723.PDF

Vulnerability of smallholder farmers and their preferences on farming practices in Buol District,
Indonesia http://dx.doi.org/10.5716/WP15724.PDF

Dynamics of Land Use/Cover Change and Carbon Emission in Buol District, Indonesia
http://dx.doi.org/10.5716/WP15725.PDF

Gender perspective in smallholder farming practices in Lantapan, Phillippines.
http://dx.doi.org/10.5716/WP15726.PDF

Vulnerability of smallholder farmers in Lantapan, Bukidnon.
http://dx.doi.org/10.5716/WP15727.PDF

Vulnerability and adaptive capacity of smallholder farmers in Ho Ho Sub-watershed, Ha Tinh
Province, Vietnam http://dx.doi.org/10.5716/WP15728.PDF

Local Knowledge on the role of trees to enhance livelihoods and ecosystem services in northern
central Vietnam http://dx.doi.org/10.5716/WP15729.PDF

Land-use/cover change in Ho Ho Sub-watershed, Ha Tinh Province, Vietnam.
http://dx.doi.org/10.5716/WP15730.PDF

Agroforestry and Forestry in Sulawesi series: Evaluation of the Agroforestry Farmer Field
Schools on agroforestry management in South and Southeast Sulawesi, Indonesia.
http://dx.doi.org/10.5716/WP16002.PDF

Farmer-to-farmer extension of livestock feed technologies in Rwanda: A survey of volunteer
farmer trainers and organizations. http://dx.doi.org/10.5716/WP16005.PDF

Projected Climate Change Impact on Hydrology, Bioclimatic Conditions, and Terrestrial
Ecosystems in the Asian Highlands http://dx.doi.org/10.5716/WP16006.PDF

Adoption of Agroforestry and its impact on household food security among farmers in Malawi
http://dx.doi.org/10.5716/WP16013.PDF

Agroforestry and Forestry in Sulawesi series: Information channels for disseminating
innovative agroforestry practices to villages in Southern Sulawesi, Indonesia
http://dx.doi.org/10.5716/WP16034.PDF

Agroforestry and Forestry in Sulawesi series: Unravelling rural migration networks.Land-
tenure arrangements among Bugis migrant communities in Southeast Sulawesi.
http://dx.doi.org/10.5716/WP16035.PDF

Agroforestry and Forestry in Sulawesi series: Women'’s participation in agroforestry: more
benefit or burden? A gendered analysis of Gorontalo Province.
http://dx.doi.org/10.5716/WP16036.PDF

Kajian Kelayakan dan Pengembangan Desain Teknis Rehabilitasi Pesisir di Sulawesi Tengah.
http://dx.doi.org/10.5716/WP16037.PDF

Selection of son tra clones in North West Vietnam. http://dx.doi.org/10.5716/WP16038.PDF
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Growth and fruit yield of seedlings, cuttings and grafts from selected son tra trees in
Northwest Vietnam http://dx.doi.org/10.5716/WP16046.PDF

Gender-Focused Analysis of Poverty and Vulnerability in Yunnan, China
http://dx.doi.org/10.5716/WP16071.PDF

Seri Agroforestri dan Kehutanan di Sulawesi: Kebutuhan Penyuluhan Agroforestri untuk
Rehabilitasi Lahan di Sumba Timur, Nusa Tenggara Timur, Indonesia.
http://dx.doi.org/10.5716/WP16077.PDF

Agroforestry and Forestry in Sulawesi series: Agroforestry extension needs for land
rehabilitation in East Sumba, East Nusa Tenggara, Indonesia.
http://dx.doi.org/10.5716/WP16078.PDF

Central hypotheses for the third agroforestry paradigm within a common definition.
http://dx.doi.org/10.5716/WP16079.PDF

Assessing smallholder farmers’ interest in shade coffee trees: The Farming Systems of
Smallholder Coffee Producers in the Gisenyi Area, Rwanda: a participatory diagnostic study.
http://dx.doi.org/10.5716/WP16104.PDF

Review of agricultural market information systems in |sub-Saharan Africa.
http://dx.doi.org/10.5716/WP16110.PDF

Vision and road map for establishment of a protected area in Lag Badana, Lower Jubba,
Somalia. http://dx.doi.org/10.5716/WP16127.PDF

Replicable tools and frameworks for Bio-Carbon Development in West Africa.
http://dx.doi.org/10.5716/WP16138.PDF

Existing Conditions, Challenges and Needs in the Implementation of Forestry and Agroforestry
Extension in Indonesia. http://dx.doi.org/10.5716/WP16141.PDF

Situasi Terkini, Tantangan dan Kebutuhan Pelaksanaan Penyuluhan Kehutanan dan
Agroforestri di Indonesia. http://dx.doi.org/10.5716/WP16142.PDF

The national agroforestry policy of India: experiential learning in development and delivery
phases. http://dx.doi.org/10.5716/WP16143.PDF

Agroforestry and Forestry in Sulawesi series: Livelihood strategies and land-use system
dynamics in Gorontalo. http://dx.doi.org/10.5716/WP16157.PDF

Seri Agroforestri dan Kehutanan di Sulawesi: Strategi mata pencaharian dan dinamika sistem
penggunaan lahan di Gorontalo. http://dx.doi.org/10.5716/WP16158.PDF

Ruang, Gender dan Kualitas Hidup Manusia: Sebuah studi Gender pada komunitas perantau
dan pengelola kebun di Jawa Barat. http://dx.doi.org/10.5716/WP16159.PDF

Gendered Knowledge and perception in managing grassland areas in East Sumba, Indonesia.
http://dx.doi.org/10.5716/WP16160.PDF

Pengetahuan dan persepsi masyarakat pengelola padang aavana, Sebuah Kajian Gender di
Sumba Timur. http://dx.doi.org/10.5716/WP16161.PDF

Dinamika Pengambilan Keputusan pada komunitas perantau dan pengelola kebun di Jawa
Barat. http://dx.doi.org/10.5716/WP16162.PDF

Gaharu (eaglewood) domestication: Biotechnology, markets and agroforestry options.
http://dx.doi.org/10.5716/WP16163.PDF

Marine habitats of the Lamu-Kiunga coast: an assessment of biodiversity value, threats and
opportunities. http://dx.doi.org/10.5716/WP16167.PDF

Assessment of the biodiversity in terrestrial landscapes of the Witu protected area and
surroundings, Lamu County Kenya. http://dx.doi.org/10.5716/WP16172.PDF

An ecosystem services perspective on benefits that people derive from biodiversity of Coastal
forests in Lamu County, Kenya http://dx.doi.org/10.5716/WP16173.PDF
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251. Assessment of the biodiversity in terrestrial and marine landscapes of the proposed Laga
Badana National Park and surrounding areas, Jubaland, Somalia.
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252. Preferensi Petani terhadap Topik Penyuluhan dan Penyebaran Informasi Agroforestri di
Indonesia. http://dx.doi.org/10.5716/WP16181.PDF

253. Seri Agroforestri dan Kehutanan di Sulawesi: Keanekaragaman hayati jenis pohon pada hutan
rakyat agroforestri di DAS Balangtieng, Sulawesi Selatan.
http://dx.doi.org/10.5716/WP16182.PDF

254. Potensi dan Tantangan dalam Pengembangan Skema Ko-Investasi Jasa Lingkungan di
Kabupaten Buol, Indonesia. http://dx.doi.org/10.5716/WP17008.PDF

255. Keragaman Jenis Pohon dan Pemanfaatannya oleh Masyarakat di Kabupaten Buol, Indonesia.
http://dx.doi.org/10.5716/WP17009.PDF

256. Kerentanan dan preferensi sistem pertanian petani di Kabupaten Buol, Indonesia.
http://dx.doi.org/10.5716/WP17010.PDF

257. Dinamika Perubahan Penggunaan/Tutupan Lahan Serta Cadangan Karbon di Kabupaten Buol,
Indonesia. http://dx.doi.org/10.5716/WP17011.PDF

258. The Effectiveness of the Volunteer Farmer Trainer Approach vis-a-vis Other Information
Sources in Dissemination of Livestock Feed Technologies in Uganda.
http://dx.doi.org/10.5716/WP17104.PDF

259. Agroforestry and Forestry in Sulawesi series: Impact of agricultural-extension booklets on
community livelihoods in South and Southeast Sulawesi.
http://dx.doi.org/10.5716/WP17125.PDF

260. Petani Menjadi Penyuluh, Mungkinkah? Sebuah Pendekatan Penyuluhan dari Petani ke Petani
di Kabupaten Sumba Timur. http://dx.doi.org/10.5716/WP17145.PDF

261. Dampak Perubahan Tutupan Lahan terhadap Kondisi Hidrologi di Das Buol, Kabupaten Buol,
Sulawesi Tengah: Simulasi dengan Model Genriver. http://dx.doi.org/10.5716/WP17146.PDF

262. Analisis Tapak Mata Air Umbulan, Pasuruan, Jawa Timur. Kajian elemen biofisik dan persepsi
masyarakat. http://dx.doi.org/10.5716/WP17147.PDF

263. Planned comparisons demystified. http://dx.doi.org/10.5716/WP17354.PDF

264. Soil health decision support for NERC digital soil platforms: A survey report.
http://dx.doi.org/10.5716/WP17355.PDF

265. Seri Pembangunan Ekonomi Pedesaan Indonesia: Menanam di bukit gundul: Pengetahuan
masyarakat lokal dalam upaya restorasi lahan di Sumba
Timur. http://dx.doi.org/10.5716/WP17356.PDF

266. Tree diversity and carbon stock in three districts of Kutai Timur, Pasir and Berau, East
Kalimantan http://dx.doi.org/10.5716/WP17357.PDF

267. Tree Diversity and Carbon Stock in Various Land Use Systems of Banyuasin and Musi
Banyuasin Districts, South Sumatera http://dx.doi.org/10.5716/WP17358.PDF

268. Tree diversity and carbon stock in various land cover systems of Jayapura, Jayawijaya and
Merauke Districts, Papua Province http://dx.doi.org/10.5716/WP17359.PDF

269. Modelling tree production based on farmers’ knowledge: case for kapok (Ceiba pentandra)
and candlenut (Aleurites mollucana) under various agroforestry scenarios.
http://dx.doi.org/10.5716/WP17361.PDF
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