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Abstract

Global buyer’s concern towards sustainability production become a necessity
recently, including in global market of coffee. Enhancing the coffee productivity
must be a concern with sustainability condition. Coffee agroforestry is well known
as a great solution to improve land productivity. Environmental services from natural
resources will be assertion and sustainable. The aims of this study were to examine
the agroforestry practices and to analysis the primary determinant of coffee farmer
income. A study took place in Pulau Panggung sub-district, Tanggamus. Respon-
dents were chosen randomly in a number of 408 coffee farmers. Descriptive statistic
was used to tabulate and compile the coffee agroforestry performance criteria.
Multiple regressions were conducted to analysis the relationship between coffee
farmer incomes with the main determinant factors. Based on the analysis revealed
the coffee-based complex agroforestry was a type of coffee agroforestry system
in Pulau Panggung sub-district. Coffee plant density was 1,719 trees.ha-1 plants
with multi purpose tree species (MPTS) shade trees 182 trees.ha-1. The MPTS as
shade trees density in coffee farming attaint to 10.5%, and raised more than five
types of shade plants. Based on the regression model analysis results that simulta-
neously independent variables land area, land tenure, MPTS, education level,
and experience in coffee planting were influenced the coffee farmer income model.
Increased performance of coffee agroforestry system has a positive relation with
the farmer income. This finding is very strategic to support the fact that the sustain-
able production trough coffee agroforestry was well-practiced by society forest (hutan
kemasyarakatan). Development of the coffee agroforestry system in promoting
the environmental services linked with the upper Sekampung watersheds manage-
ment is becoming a critical step in the future.
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INTRODUCTION

Food and Agriculture Organization has
released policy to increase agricultural
productivity. It must be achieved through
sustainable intensification (FAO, 2014).
Agriculture sustainability means that the
activities work economically, ecologically and

socially sustainable nature (UU No. 12 of
1992). Global buyer concern towards
sustainability production become a neces-
sity recently, including in the global market
of coffee. Sustainability condition must be
an important step in enhancing coffee produc-
tivity.  Perception of farmers in sustainable
agricultural practices is influenced by socio-
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economic characteristics and searching
behavior for information (Tatlidil et al.,
2009). Social actors strongly influence deci-
sions and selection of sustainable agricul-
ture practices (Bernard et al., 2014); (Eakin
et al., 2014). Unsustainable production condi-
tions lead to negative environmental exter-
nalities that impact on the decline in the quality
of environmental services and welfare
(Adimiharja, 2008; Calder et al., 2008; van
Noordwijk et al., 2008).

Coffee production in Lampung is concen-
trated in Tanggamus and West Lampung
region. The appearances of farmer coffee
plantation dominantly combined with the others
in multicropping system. Based on work of
Verbist & Pasya (2004) combination of various
coffee planting systems, rice fields, and riparian
strips in Lampung was adequate to substi-
tute environmental services closed to forest
function. It contributes as a provider of water-
shed functions for both communities and hydro-
power management, furthermore for income
resources. The sustainability of upper Sekampung
watershed is linked with the cultivation system
held by the community. Coffee farmers have
realized that coffee agroforestry gives them
to benefit more than monoculture (Fitriani
et al., 2018). The expansion of coffee farming
in the Ethiopian rainforest provided important
benefits in the diversity of plant species conser-
vation and carbon storage timber. Coffee
agroforestry had the highest diversity of native
trees of the productive system (Häger et al., 2014).

Coffee farming practices need more
concern toward the aspect of conservation
as a vital precondition of the key sustainability
in the future. Coffee farms need shade trees.
The kind of shade trees is a key factor in
determining the sustainability of coffee farming.
Planting shade trees is the main measurement
for soil conservation in coffee agro-ecosystems
(Evizal et al., 2012). Coffee agroforestry system
is well known as multistrata/complex and

simple agroforestry (Suprayogo et al., 2010;
Hairiah, 2010). The canopy multi-strata system
has two functions i.e. the function of the land
and the financial function by providing income
for farmers in a sustainable manner (Sanudin
et al., 2016). Then, coffee agroforestry is one
important adaptive sustainable production in
upper watersheds.

Awareness of agroforestry practice
varied at coffee farmer level. Coffee agro-
forestry practiced need investment alloca-
tion which depend on farmer resources. It
also related to the property right on land tenure.
The jurisdiction of land property right will
impact on farmer decision in allocating the
resources to apply the agroforestry system in
coffee farming.

One of the critical factors for the success-
ful practice of coffee agroforestry is highly
dependent on the rights of the land (property
right). Adoption decisions of coffee agroforestry
mainly is determined by land tenure, land
slope, and soil quality (Arifin et al., 2014;
Soliha, 2012). Land tenure represented the
right of ownership of land resources. It has
implications for the utilization and mainte-
nance of its sustainability. Limitations of
clarity and certainty of land tenure are the
main factors in driving deforestation in many
countries. Only when land tenure is legally
guaranteed and at the practical level, long-
term investment in a sustainable manage-
ment framework can be realized (Eliasch,
2008). The validity of ownership of goods or
services is very important. Without property
rights, investment incentives for sustainability
will often be absent, because they are only
free riders (Fisher et al., 2008).

However, the fact that property rights
are not the same among economic actors.
Proper property right is a resource for a strong
commitment to productivity improvement.
Only with clear rules of the game between
agencies, resource actors and users in mutual
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trust and collaboration, transaction costs and
externalities can be minimized and managed
efficiently to achieve optimal Pareto objec-
tives for each element involved in the system
(Hanley & Barbier, 2009). This difference
in management rights resulted in the uncertainty
of jurisdiction in business, including invest-
ment in the implementation of sustainable
coffee production.

The main activities of coffee farmers
conducted is to gain adequate income then
to fulfil their needs. Coffee farmer decision
in optimizing the income depends on many
important factors, internally and externally.
Internal situation is the variables linked with
personal characteristic of a farmer, including
the background of education, experience,
age, and family member and others. Coffee
agroforestry practiced was a part of the external
situation, which could affect farmer income.
The number of shade trees, the access to land
tenure, and land area were included as the
main determinant of coffee farmer income.

Therefore, the purpose of this study was
to investigate the coffee agroforestry practices
in Pulau Panggung sub-district, Tanggamus,
including analyzing the primary determinant
of coffee farmer income.

MATERIALS AND METHODS

This Study took place in Pulau Panggung
sub-district, Tanggamus. Pulau Panggung
sub-district, Tanggamus has territory attaint
to 28.544,90 ha. Pulau Panggung consists of
21 villages. Four village is purposively chosen
i.e. Pulau Panggung, Tekad, Batu Bedil, and
Tanjung Rejo villages. The main consideration
was the coffee farming establishment in those
areas. Coffee farmer sampling was designed
by simple random sampling, total 408 coffee
farmers. Figure 1 described the site location.

Agroforestry is a land management system
that the system comprises a long list of sustain-

able land management practices, including
crop diversification, long rotation system for
soil conservation, yards, border planting,
annual crops, intercropping hedges, living
fences, or mixed crops with forestry strata
as well as integration of crops and livestock
(Combe, 1982; Mbow et al., 2014; Jamnadass
et al., 2013). Agroforestry practices in coffee
farming represented by shade trees planting
called multipurpose tree species (MPTS).
Coffee agroforestry is the coffee plantation
system plant with adequate multi shade trees
as MPTS. Coffee agroforestry is catego-
rized as simple agroforestry and complex
agroforestry or multi strata shade trees.
When the kind of shade trees more than five
types it represent as complex coffee agroforestry
(Suprayogo et al., 2010). Complex coffee
agroforestry is also knnown as coffee with
MPTS (multipurpose trees species). MPT
has high-canopy shade trees. Based on work
of Arifin et al. (2014) MPT categorized as
MPT is based on wood and non-wood. MPT
is based on wood timber species as shade
tree. MPTs non-wood are various annual
fruit tree species plant, such as durian (Durio
zibethinus), petai (Parkia speciosa), jengkol
(Archidendron pauciflorum), candlenut
(Aleurites moluccana) avocado (Persea
americana), and jackfruit (Artocarpus
heterophyllus). Number of trees planted with
coffee trees is used to determine the coffee
agroforestry performance in the site location.

In practice, there are currently three
conditions of land tenure in the centre of coffee
production, i.e. farmers holding community
based agro-forestry (Izin Usaha Hutan
Kemasyarakatan/IUHKm), private, and non-
HKm. Private holds land certificates. Non-
HKm means they are not including in both
categories mentioned before. It could repre-
sented of farmers who have long managed
land, but has no certificate of ownership (clan)
and also the farmers who are still processing
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the partnership system set by Forest Manage-
ment Office (Arifin et al., 2014).

Statistic descriptive was used to tabulate
and compile the coffee agroforestry perfor-
mance criteria. The relationship between
coffee farmer incomes with the main factors
that influenced was conducted by multiple
regressions. Coffee farmer income set as
a dependent variable (Y). Land tenure (X1)
and the number of shade trees (MPTS) was
represent of coffee agroforestry (X2), level
of education (X3), and experiences in coffee
production (X4) were as dependent variables.
The formulation of the income model, noted
as equation bellows:
Y = 0 + 1X1 + 2X2 + 3X3 + 4X4 + 5X5 +

e ........ (1)
Y = Income (IDR/year)
X1 = Land area (ha)
X2 = Land tenure (1 = HKm; 2 = Non_HKm)
X3 = Shade trees (amount of trees)
X4 = Education (year)
X5 = Experience (year)

RESULT AND DISCUSSION

Coffee Agroforestry

Pulau Panggung sub-district land use
is mostly as plantation area (56.1%) and dry
land farming (24.1%). The population is

around 10.609 households. Land for coffee
plantation reaches 9.675 ha, coconut (646 ha),
pepper (189 ha), and cocoa (124 ha) (Tanggamus
Statistics Office). The coffee planting age
was 51 percent between the ages of 5 and
19 years (Incamilla et al., 2015). The rest was
more than 20 years old trees. Respondent
background educations were elementary
school (46.6%), junior high school (24.8%),
and senior high school (22.3%). They expe-
rienced in coffee cultivation in average attaint
to 18.5 years. The farmer age on average was
44 years old. Most of them cultivate coffee
as the main source for household income.

Based on the statistic descriptive displayed
at Table 1 performed that shade trees plant
categorized as MPTS non wood and wood
based. MPTS based on wood represented
by 8 kinds of tress, while MPTS based on
non-wood trees 5 type of trees. MPTS wood
is: dadap (Erythrina sububrams), medang
(Phoebe sp), cempaka (M. champaca), albasia
(Albazia sp), sengon (Paraserianthes sp), jati
(Tectona grandis), and lamtoro (Leucaena sp)
(Figure 3). While pete (Parkia speciosa),
durian (Durio zibethinus), clove (Syzygium
aromaticum), jengkol (Archidendron
pauciflorum) as non-wood MPTS (Figure 4).
Multi cropping plants also appear such

Figure 1. Site location
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as pepper, cocoa, banana, and rubber.
Descriptive statistic of shade trees in coffee
farming was shown in Table 1. While
boxplots of land area and coffee trees were
sets in Figure 2.

MPTS trees density were dominantly by
dadap (Erythrina sububrams) (37 trees.ha-1),
albasia (Albazia sp)  (86 trees.ha-1), sengon
(Paraserianthes sp) (12 trees.ha-1), and jengkol
(Archidendron pauciflorum) (10 trees.ha-1).

Table1. Descriptive statistic coffee agroforestry performance
 Variable N Mean SE Mean StDev Mini Median Maximum
 MPTS (multi purpose tree species)
 wood
 Erythrina variegata (Dadap) 408 49.10 7.67 154.88 0.00 0.00 1500.00
 Phoebe sp (Medang) 408 0.949 0.360 7.275 0.000 0.000 100.000
 M. champara (Cempaka) 407 13.17 2.81 56.74 0.00 0.00 1000.00
 Albizia chinensis (Sengon) 408 129.1 12.6 255.4 0.0 20.0 2000.0
 Tectona grandis (Jati) 408 2.125 0.436 8.798 0.000 0.000 100.000
 Leucaena leucocephala (Lamtoro) 408 7.74 2.36 47.69 0.00 0.00 500.00

 MPTS (multi purpose tree species)
 non-wood
 Parkia speciosa (Pete) 408 3.118 0.371 7.496 0.000 1.000 100.000
 D. zibethinus (Durian) 408 1.218 0.211 4.267 0.000 0.000 60.000
 Persea americana (Avocado) 408 0.3725 0.0586 1.1828 0.0000 0.0000 10.0000
 Syzygium aromaticum (Clove) 408 3.328 0.992 20.029 0.000 0.000 250.000
 Archidendron sp (Jengkol) 408 13.54 1.29 25.96 0.00 6.00 300.00
 Coffee trees 408 2306.9 85.2 1720.2 20.0 2000.0 12000.0
 Land area (ha) 408 1.3419 0.0444 0.8973 0.2500 1.0000 6.0000

Figure 2. Marginal plot of land area with coffee trees
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MPTS density in average was 187 trees.ha-1).
Based on Table 3 was revealed that “mean”
of coffee plant density amount to 1,719 coffee
trees.ha-1 while growth with shade trees
(MPTS) attain to 182 trees.ha-1. The “median”
of coffee plant density was attaint to 1,490
coffee trees.ha-1 while growth with shade
trees (MPTS) attain to 89 trees.ha-1. The
MPTS as shade trees density in coffee farming
attaint to 10.5%

This condition revealed as the important
fact that coffee agroforestry in Pulau Panggung
classified as coffee-based complex agroforestry.
The coffee-based complex agroforestry showed
coffee plant grown using more than five types
of shade plants. The basal area of coffee
plantations on agroforestry systems is less
than 80% (Suprayogo et al., 2010). Coffee-
based agroforestry systems are an important
requirement for increasing land productivity.
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Figure 3. Box plots of MPTS (multi purpose tree species) wood trees
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Coffee plants need shade trees, biologi-
cally, so the coffee is generally grown in a
mixed system (agroforestry) ranging from
simple system to complex mixture (multi-
story) that resembles a forest. In simple
agroforestry systems, common shade tree
planted is a legume such as dadap (Erythrina
sububrams), Gliricidia (Gliricidia sepium) and
leucaena (Leucaena glauca). Farmers plant
trees to shade coffee as well as fruit trees,
timber (MPTS) on the grounds of economic
benefits and conservation of soil and water
(Hairiah, 1995). This is also related to coffee
multi story type called “protective garden”
that can provide environmental services
and simultaneously improve the welfare of
farmers. The protected garden is tree-based
systems managed by farmers who provide
environmental services similar to the forest.
Coffee multistory provides environmental
services through water and soil conservation
which is better than coffee without shade
or just a simple shade system. Multistory
also maintain soil nutrients, reduce and mini-
mize the risk of landslides and improve soil
fertility by increasing the amount of nitrogen
in the soil (Suyamto & Noordwijk, 2004).

The implementation of coffee agroforestry
system could guarantee the sustainability of
economic, social and environmental in long-
term. Coffee agroforestry systems (CAFS)
showed the structural and biological diver-
sity of agroforest species complex and rich.
CAFS reveal the degree of heterogeneity
comparatively superior to monoculture crops.
CAFS has been regarded as complex produc-
tion systems and sustainable resilient according
to conservation (Pinard et al., 2014). The imple-
mentation of coffee agro forestry system could
guarantee the sustainability of economic, social
and environmental in long-term. This also
support by previous research that agroforestry
system in coffee is able to maintain environ-
mental conditions (Yuliasmara, 2017). Organic
farming has higher levels of shade trees and
more strata than conventional farming (Börner
et al., 2007).

Farmer Income Determinant

Land tenure is very important for the
certainty in farming. Land tenure for coffee
farming in Pulau Panggung sub-district domi-
nantly was by HKm permit (93.6%) (Table 2).

Table 2. Land tenure on coffee farming
Code Frequency Percent

 Society forest (HKm) 1 382 93.63
 Non HKm 2 25 6.13

Table 3. Statistic descriptive of area, MPTS and coffee
 Land Area (ha) MPTS (trees) Coffee (trees)
 Mean 1.34 244 2306
 Standard error 0.04 18 85
 Median 1.00 120 2000
 Mode 1.00 15 2000
 Standard deviation 0.90 356 1722
 Sample variance 0.81 126683 2966203
 Kurtosis 4.66 18 5
 Skewness 1.89 4 2
 Range 5.75 3267 11980
 Minimum 0.25 0 20
 Maximum 6.00 3267 12000
 Sum 547.50 99698 938720
 Count 408.00 408 407
 Largest (1) 6.00 3267 12000
 Smallest (1) 0.25 0 20
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The history of HKm in Lampung started by
Forestry Ministry Decree No.622/Kpts-II/
1995. The development of HKm recogni-
tion was still very slow in 1997, so the Minister
of Forestry issued Decree No. 677/Kpts-
II/1997, amending the Decree No. 622/Kpts-
II/1995 which provides a space for the granting
of forest utilization rights to a community
known as Community Forestry Rights (HPHKm)
limited to non-timber forest utilization. In
2001, the Ministry of Forestry issued Decree
No. 31/Kpts-II/2001, which gives members
the freedom to the community as the main
actors in forest management. The next policy
improvement is the issuance of Forestry
Minister’s Regulation No. P.37/Menhut-II/
2007 on Community Forests and subse-
quently followed by changes (Permenhut
No.P.18/Menhut-II/2009, Permenhut No.
P.13/Menhut-II/2010, to Permenhut No.
P52/Menhut-II/2011). The regulation explains
the technical guidance of the procedure of
obtaining HKm’s rights. HKm is a state forest
used to empower local people. HKm is only
applied in protected forest area and pro-
duction forest. The provision is that its forests
are not burdened with rights or permits in
the use of forest products and become the
source of local livelihoods. The IUPHKm
permit is granted for 35 years and extended
according to the evaluation result every 5
years. Tanggamus region has 32 HKm group
members. HKm in Lampung Province is
already underway nearly 18 years with all
the dynamics in its implementation.

The land area of coffee agroforestry
on average was 1.3 ha, the minimum 0.25 ha,
the maximum attaint to 6 ha. The statistic
descriptive of the variables in the income model
displayed in Table 4. Based on the equation
model (1), the regression analysis performed
that the model represented the coffee farmer
income in the goodness of fit criteria. Regres-
sion income model in fit performed with Fvalue

58.13 Sig 1.89E-45 and the R2 value reached
64% (Table 5).

Y = -3,850,126 + 10,547,775X1*** -
2,832,833X2 + 20,825X3*** +
1,700,756X4** + 87,360 + e

With:
Y = Income (IDR/year)
X1 = Land area (ha)
X2 = Land tenure (1= HKm, 2= nonHKm
X3 = Shade trees (MPTS)
X4 = Education (year)
X5 = Experience (year)

Simultaneously the all independent vari-
ables affected the dependent variable. Partially,
land area, shade trees (MPTS), and education
level significantly influenced the income. All
the sign of coefficient was properly with the
theory. Land area, MPTS, education level, and
experience have a positive relation with the
income. The sign of land tenure variable was
negative. In this case, the negative sign and
the coefficient have represented the slope of
differences between HKm and no-HKm land
tenure. Land tenure is very important for the
certainty in farming. The negative sign of land
ownership means that without the certainty
in land ownership the farmers were threatened
by failure risk. This also revealed as fact
that the jurisdiction of land tenure was very
important in determining the income. Based
on the regression analysis, the equation of the
factors influenced the coffee farmer income.

The results performed that coffee
agroforestry system gave positive impact by
income. MPTS represented of agroforestry
has a positive effect on income. The impact
evaluation shows that both agroforestry systems
and coffee certificates in Sekampung water-
sheds Tanggamus have positive significant
impacts on improving economic benefits
(Incamilla et al., 2015). Coffee agroforestry
systems have positive significant impacts on
improving environmental benefits (Arifin
et al., 2014). Based on the work of Wibawa
et al. (2010) that the kind of shade trees
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in coffee farming influenced the amount of
carbon stock. Just such as agroforestry
practices in China and elsewhere that provide
long-term benefits for the improvement of
the economy of the people (Hildreth, 2008).

CONCLUSION

The coffee agroforestry system in Pulau
Panggung sub-district was shown as coffee-
based complex agroforestry. Coffee plant
density was 1,719 trees.ha-1, grown with
shade trees (MPTS) 182 trees.ha-1. The MPTS
as shade trees density in coffee farming attaint
to 10.5%, and rise more than five types of shade
plants. Coffee-based agroforestry systems

are as a path in increasing land productivity.
The coffee farmer income model was determined
by land area, land tenure, MPTS, education
level, and experience in coffee planting simul-
taneously. MPTS represented agroforestry had
a positive effect on income. Enhancement the
performance of coffee agroforestry system
had a positive relation with the farmer income.
This finding is very strategic to support the
fact that the sustainable production through
coffee agroforestry was well-practiced by
HKm. Development of the coffee agroforestry
system in promoting environmental services
linked with the upper Sekampung water-
sheds management is becoming a critical step
in the future.

Table4. Descriptive statistic of variable
 Criteria X1 X2 X3 X4 X5 Y

 Mean 1.34 1 244 3 19 18,784,810
 St Error 0.04 0 18 0 1 1,088,258
 Median 1 1 120 3 18 12,490,000
 Kurtosis 4.66 11 18 1 0 22.01
 Skewness 1.89 3 4 1 1 3.93
 Range 5.75 2 3267 6 64 208,705,000
 Minimum 0.25 0 0 0 1 23,000
 Maximum 6 2 3267 6 65 208,728,000

Y = Income (IDR/year) X1 = land area (ha) X2 = Land tenure X3 = Shade trees X4 = Education (year) X5 = Experience (year)

Table5.  Regression output of the model of coffee farmer’s income
 SUMMARY
 OUTPUT
 Regression Statistics
 Multiple R 0.647802834
 R Square 0.419648512
 Adjusted R Square 0.41243021
 Standard Error 1684968
 Observations 408
 ANOVA
  df S S MS F Significance F
 Regression 5 8.2510+16 1.6510+16 58.13673 1.887510-45

 Residual 402 1.1410+17 2.8410+14

 Total 407 1.9710+17      
Coefficients Standard error t Stat P-value

 Intercept -3850126 5226977 -0.73659 0.461803
 X1 10547775 1014692 10.39505 1.4110-22 ***
 X2 -2832833 3429505 -0.82602 0.409284
 X3 20825.37632 2507.723 8.304495 1.5510-15 ***
 X4 1700756 879837 1.933037 0.053934 **
 X5 87360 77091 1.133212 0.257801
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