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Abstract

:

When restoring degraded landscapes, approaches capable of striking a balance between improving environmental services and enhancing human wellbeing need to be considered. Agroforestry is an important option for restoring degraded land and associated ecosystem functions. Using survey, key informant interview and rapid carbon stock appraisal (RaCSA) methods, this study was conducted in five districts in West Java province to examine potential carbon stock in agroforestry systems practiced by smallholder farmers on degraded landscapes. Six agroforestry systems with differing carbon stocks were identified: gmelina (Gmelina arborea Roxb.) + cardamom (Amomum compactum); manglid (Magnolia champaca (L.) Baill. ex Pierre) + cardamom; caddam (Neolamarckiacadamba (Roxb.) Bosser) + cardamom; caddam + elephant grass (Pennisetum purpureum Schumach.); mixed-tree + fishpond; and mixed-tree lots. Compared to other systems, mixed-tree lots had the highest carbon stock at 108.9 Mg ha−1. Carbon stock variations related to species density and diversity. Farmers from research sites said these systems also prevent soil erosion and help to restore degraded land. Farmers’ adoption of agroforestry can be enhanced by the implementation of supportive policies and measures, backed by scientific research.
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1. Introduction


Land degradation often causes severe environmental and socioeconomic problems [1]. It leads to declining environmental services, such as biodiversity, climate regulation, water supply, carbon stock, and other services [2]. Degradation also causes decreased land productivity, with serious cascading effects for human wellbeing, e.g., poverty, malnutrition, disease, forced migration, cultural damage, and even war [3]. Indonesia has approximately 14 million hectares (ha) of degraded land providing limited benefits for humans and nature [4]. Causes of land degradation can be categorized into direct and indirect ones. Direct causes in Indonesia include agricultural land expansion, overgrazing, commercial logging, and urbanization [5]. Indirect causes are typically population pressures coupled with poverty, as people often have to convert forests for agricultural land use to meet food demands beyond the capacity of existing farmlands [6]. The exploitation of forests to meet increasing demands for timber, fuel wood, and other products associated with population growth can also lead to land degradation [7]. Land degradation also increases emissions of greenhouse gases (GHGs) into the atmosphere, thereby contributing to climate change. Indonesia is the world’s third largest emitter of GHGs, with land-use change contributing most of its emissions [8]. The country has committed to unconditional and conditional emissions reductions of 29% and 41% respectively by 2030, as part of the global climate action following the Paris Agreement in 2015 [9]. Promoting climate resilience in food, water, and energy is the main pathway for the country’s efforts to mitigate climate change. This includes the restoration of 12 million ha of degraded land by 2030 for landscape resilience [9,10].



The forest landscape restoration (FLR) approach is gaining interest for the restoration of degraded land. It is a comprehensive approach aimed at improving ecological functions and enhancing human wellbeing [11]. Agroforestry can be an important FLR approach with the potential to restore degraded land by reestablishing ecological processes, structures and ecosystem functions, while also enabling economic returns and the maintenance of livelihoods, local knowledge, and culture [12]. Agroforestry-based restoration projects across the tropics have been documented vividly by a number of scientific studies from Brazil to Mozambique and Indonesia [13,14,15,16,17].



By diversifying and enhancing farm products and services, agroforestry systems can meet the financial and social objectives crucial for local communities [18,19]. As an alternative source of important forest products, such as timber, fuelwood, fruits, and vegetables, agroforestry can reduce encroachment on local forests [20,21,22]. It can also improve soil fertility by enhancing nutrients, conserving soil moisture, protecting soil from erosion, moderating microclimates, sequestrating carbon, and diversifying habitats for wildlife and humans [23,24,25,26].



People across the Indonesian archipelago practice various agroforestry systems for their livelihood needs. These include spice and nut agroforests in the Moluccas; sugar palm and salak agroforests in Bali and Lombok; illipe-nut forests (tembawang) in West Kalimantan; benzoin gardens in North Sumatra; fruit and timber agroforests in Maninjau, West Sumatra; damar agroforests in Pesisir, Lampung; and fruit agroforests in Jambi and Palembang [21]. Notable examples of farmers managing to restore degraded landscapes are the planting of damar (Agathis dammara (Lamb.) Rich.) trees in degraded swidden areas in Jambi, Sumatra, and tamanu (Calophyllum inophyllum L.) trees on barren land in Wonogiri, Central Java [27,28]. Other studies provide evidence of agroforestry systems delivering carbon stock and sequestration [29,30]. The ability of agroforestry to store carbon varies from 37.7 Mg ha−1 at 1–10 years and 72.6 Mg ha−1 at 11–30 years [31]. A study of a 30-year-old home garden system in Lampung, Indonesia indicated above-ground biomass of 35.3 Mg C ha−1 [32]. In Indonesia’s Bengkulu province, mixed tree agroforestry systems store around 95.2 tons ha−1 regardless of age [33]. Carbon stock storage in agroforestry systems with a combination of oil palm and agar wood vary between 78.28 and 79.13 Mg C ha−1 in regard to different levels of soil bulk density [34]. While simple and complex agroforestry systems adjacent to the Lore Lindu National Park buffer zones in Palu, Indonesia show significant differences in carbon stock. Simple agroforestry systems (combining individual trees and cash crops) store an average 37.30 Mg C ha−1 ranging from 30.32–45.05 Mg C ha−1, while complex agroforestry systems (combining multiple tree species, shrubs, bushes, and crops) store an average 80.05 Mg C ha−1 of carbon stock ranging from 71.99–85.45 Mg C ha−1 [35]. As agroforestry systems are crucial for local people and nature, to corroborate agroforestry knowledge, the specific objective of this paper is to reinvestigate the type, component, management, and carbon sequestration potential of six common agroforestry systems, practiced by local communities in degraded landscapes in five administrative regions in West Java province. Although there are various definitions of agroforestry, we have defined it as a land-use system where woody perennials are used deliberately in the same land management units as other agricultural crops and/or animals, in some form of spatial arrangement or temporal sequence. We have hypothesized that mixed tree-based agroforestry systems have high carbon sequestration potential as they consist of various trees with understory.




2. Materials and Methods


2.1. Study Sites


Five districts in West Java province, i.e., Banjar, Ciamis, Garut, Tasikmalaya, and Pangandaran were selected as study areas (see Figure 1). These districts were selected as they represent 21% of all degraded land in West Java province (West Java province has the largest area of degraded land among all provinces in Java, i.e., 900,000 ha [4]) (see Table 1), and because prior information showed local farmers practicing various agroforestry systems on degraded land, allowing investigations of system types and their carbon sequestration potential. Conditions in these study areas can also be representative of many other parts of Indonesian and tropical Asian agricultural landscapes in general.



The five districts had a total area of 8850 km2 and a human population of 6,198,824 in 2020, and therefore a high population density of 700 inhabitants per km2 [36]. The climate is equatorial with two distinct seasons: dry from April to October, and rainy from November to March. Average daily minimum air humidity varies from 50%–89% (see Table 1). Soils are dominated by volcanic sedimentary rocks and are highly fertile. Given the proximity of standing volcanoes, the area is considered highly seismic.
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Table 1. Basic characteristics of the research sites.
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	District
	Location
	Average Temperature (°C)
	Average Rainfall (mm)
	Humidity (%)
	Elevation (m)
	Total Land Area (ha)/Total Degraded Land Area (ha)





	Banjar
	7.37° S 108.53° E
	28.5
	1600
	69–85
	31–79
	13,195/

620 (4.70%)



	Ciamis
	6.75° S 108.38° E
	27
	2800
	68–87
	31–768
	159,763/

24,259 (15.19%)



	Garut
	7.22° S 107.9° E
	25.5
	3294
	73–85
	100–1500
	309,601/

96,730 (31.24%)



	Tasikmalaya
	7.33° S 108.2° E
	26
	2171
	50–73
	0–2000
	289,203/

61,110 (21.13%)



	Pangandaran
	7.54° S 108.50° E
	26.5
	2750
	85–89
	0–2500
	112,765/

13,167 (11.68%)







Source: Badan Pusat Statistik [37].











Agriculture plays an important role in district economies, and contributes 43% of total income in Tasikmalaya [38]. Agriculture also dominates land use in Banjar district, covering 75% of the district’s total land area [39]. These districts are also important providers of agricultural products to other areas in West Java. Garut, for example, is a major source of food for Bandung, the provincial capital of West Java, which is around 68 km away. These districts also provide important ecosystem services to other areas in West Java. Mountainous areas in Garut, Pangandaran, and Tasikmalaya are home to sources of important watersheds in the province. The highlands of Pangandaran district, for example, have three major rivers: the Cijulang, Citanduy, and Cimedang, which support water supplies, climate regulation, and aesthetics for lowland areas [40].




2.2. Data Collection and Analysis


This study combined quantitative and qualitative approaches, applying field surveys and interviews with key informants. Four farmer group heads, two forestry extension officers, and twenty landowners were selected purposively based on their experience in agroforestry and other land-use systems to obtain a general overview of major agroforestry practices in the study sites. Based on the field surveys and interviews, 50 plots (18 plots for the manglid-based system, 17 for the gmelina-based system, 6 for the caddam-based system, 3 for the sylvofishery system, and 6 for the mixed-tree lot system) from five districts were chosen purposively and observed to secure data on stand structure and composition. Primary data was collected during surveys by taking measurements directly in the field. The data collected covered the diameter at breast height (D) of trees using diameter tapes, tree height using digital dendrometers, tree species with local farmers identifying local names for expert translation to scientific names, and numbers of individual trees. Interviews were held with four key informants to secure qualitative information on socio-economic importance and management level, including product uses, economic purposes of product use (commercial, semi-commercial, subsistence), financial investment, and labor intensity. The data was analyzed comparatively between the identified systems. The agroforestry systems identified in the study locations were classified based on structure, function, socio-economic importance, and management level [41].



Carbon stock (C)estimation data was based on previous publications, i.e., Indrajaya et al. [29], Siarudin and Indrajaya [42,43], and Siarudin [44] with additional data measurements at the same research locations. The RaCSA (Rapid Carbon Stock Appraisal) method developed by Hairiah et al. [45] was used in this study to estimate C stocks in above-ground biomass (AGB). RACSA can reduce time and expense, and is considered more effective [46,47]. Several previous studies have used this method to estimate carbon stock in agroforestry systems [46,48]. The components measured were tree biomass, understory biomass, woody necromass, and non-woody necromass (litter). Within 10 m × 20 m or 5 m × 40 m plots, tree biomass measurements were collected in diameter at breast height (5–30 cm), and tree-height specifically for Arecaceae (palms). If trees with D greater than 30 cm were present in a plot, the main plot width was expanded to 20 m × 100 m to measure trees with D greater than 30 cm. The weight estimation of above-ground biomass of each tree was measured using the generic allometric equation for biomass calculations by Chave et al. [49].


  A G B = ρ ×   − 1.499 + 2.148 ln  D  + 0.207   ln    D   2    − 0.028   ln    D   3       



(1)




where   A G B   represents the weight of above-ground biomass (kg),  ρ  is wood density, and  D  is the diameter at breast height (cm). The generic allometric equation used in this study [49] is suggested by Hairiah et al. [45] to estimate the weight of aboveground biomass. Research conducted by Hairiah et al. [45] shows that the generic equation suggested by Chave et al. [49] is valid in Indonesia, especially if diameter (D) is less than 30 cm. The generic allometric Chave equation has been applied to estimate C stocks in various forest types in the Gunung Halimun National Park (GHSNP), West Java, Indonesia [50]. However, as the local allometric equation for the caddam species in our research area is available [51], we used this local equation to get a more accurate estimation, specifically for the caddam-based agroforestry system, i.e.,


  A G B = 0.014  D  2.958    



(2)







The wood density value of each tree species refers to the Global Wood Density Database [52]. The content is assumed to be 0.47 of the biomass weight [53]. Measurements of woody necromass were collected in the same plots as tree measurements. These included standing dead trees, stumps of felled trees/fallen trees, or fallen dead tree trunks. Using RaCSA procedures for measuring necromass from Hairiah et al. [45], diameters of 5–30 cm were measured in plots of 5 m × 40 m or 10 m × 20 m, while necromasses with diameters of more than 30 cm were measured in 20 m × 100 m plots. The data measured covered volume and degree of decay. Total dry (biomass) weight was estimated by using wood density secondary data, volume and degree of decay. The degree of decay was measured subjectively in the field based on the degree of biomass intactness from decay, ranging from 50% (for half decayed) to 100% (undecayed) [45].



Data on understory biomass and non-woody necromass (litter) was collected by gathering biomass samples in plots of 0.5 m × 0.5 m. Fresh weight was measured, and 100 to 300 g samples were taken to measure sample dry weight and extrapolate total dry weight estimations. These data were analyzed descriptively. We have also analyzed the relations between the D, stand density and tree basal area (BA) to the C-stock using a simple linear regression.





3. Results


3.1. System Characteristics


In the study sites in West Java, agroforestry systems practiced by local farmers appear in several sub systems: intercropping combining trees and crops, trees and pasture, trees and aquaculture, and multipurpose tree lots (see Table 2 and Figure 2). Trees in the observed systems are fast-growing commercial species, i.e., manglid, gmelina, and caddam. Farmers sell timber from these species mainly to wood processing industries for veneer, plywood, furniture, and woodworking. Cardamom is the most popular crop for cultivation in the understory of these tree-based systems.



Some farmers in the study sites apply complex agroforestry cropping systems with mixed-tree species. Generally, they do not follow any specific spacing patterns in such systems, and allocate less space for understory crops. As a result, stands in such systems take the form of uneven-aged multispecies tree lots. Species found in these systems include teak (Tectona grandis Linn. F.), durian (Durio zibethinus Murr.), mahogany (Swietenia sp.), langsat (Lansium domesticum Corr.), large leaf rose mallow (Hibiscus macrophyllus Roxb. ex Hornem.), dog fruit (Archidendron pauciflorum (Benth.) I.C. Nielsen), coconut (Cocos nucifera L.), rambutan (Nephelium lappaceum L.), jackfruit (Artocarpus heterophyllus Lam.), and bitter bean (Parkia speciosa Hassk.). Such trees are also present in silvofishery systems where farmers breed various freshwater fish species in fishponds. In both mixed-tree lot and silvofishery systems, farmers allow trees to grow without intensive maintenance, relying on natural regeneration or planting a few species in any spaces. Based on observations and information from key informants, the above systems practiced by farmers in study sites help prevent landslides, topsoil erosion, and restore land through the regeneration of trees on the land which is already degraded.



The agroforestry systems studied in the study sites are often temporal in nature. Manglid has been planted in the eastern part of West Java province since the late 1980s, and the species persists on private forest land to this day through several rotations. Gmelina and caddam trees were planted more recently, around the early 2000s, and are now partially harvested. Based on observations in Ciamis and Garut districts, some farmers apply clear cutting, while others practice selective cutting. Some farmers maintain the same species either by replanting or relying on natural regeneration.



Farmers commonly apply selective cutting in mixed tree lot systems. They harvest trees that have reached diameters agreed with traders and leave others to continue growing. However, some landowners apply clear-cutting, mainly when they want to cultivate new tree species. Meanwhile, tree species composition in silvofishery systems is generally longer lasting as they generally comprise multipurpose tree species that do not require cutting within a certain period.



Seasonal crops (e.g., cardamom, elephant grass) are planted while trees are still young. Farmers carry out maintenance in the form of regular weeding and fertilizing, depending on their capacity to provide financial capital and labor. The understory is often damaged during tree harvesting, which provides an opportune moment for farmers to regenerate after planting the next rotation of trees. In mixed tree lot systems, farmers do not plant specific understory crops, as the ground is most commonly covered by weeds, thus requiring less input in its management than gmelina- and caddam-based agroforestry systems, which involve intensive crop cultivation.




3.2. Carbon Stock


C stock in agroforestry systems in the West Java study sites varied from 37–108.6 Mg ha−1 (see Table 3). The trees in each system comprise the majority of carbon stock in comparison to understory and necromass. Manglid- and caddam-based agroforestry systems in Garut and Tasikmalaya have 37 Mg ha−1 and 44 Mg ha−1 of C stock respectively, due to their maintaining regular tree density to support understory species growth. Silvofishery systems in Ciamis show the lowest basal area of trees (i.e., 12.9 m2 ha−1), due to the spatial arrangements of such systems providing dominant pond areas with fewer and younger trees (see Figure 2). In such silvofishery systems farmers often do not follow fixed spacing for planting trees along bunds. Commonly planted tree species are coconut and areca nut, which can strengthen embankments while producing fruits. Farmers also plant bitter bean, langsat, and jackfruit as multipurpose tree species around their fishponds.



The gmelina-based agroforestry system, with its stand density of 3794 trees ha−1, has a relatively high basal area and C stock at 32.4 m2 ha−1 and 63.7 Mg ha−1, respectively. Some farmers plant gmelina with dense initial spacings of 2 m × 1 m and/or 2 m × 2 m, and allow several pre-existing tree species (e.g., Swietenia sp., Acacia mangium) to continue growing between the gmelina.



The mixed-tree lot system in the study site shows the highest C stock (i.e., 108.9 Mg ha−1), due to the density and variety of trees planted. In this system, farmers also allow natural regeneration of certain shade-tolerant species (e.g., mahogany, large leaf rosemallow) to populate empty spaces between the planted trees. The high density of species in this mixed-tree-based system causes high biomass and C stock per unit area. As shown in Figure 3, a simple regression analysis suggests that the BA is a good predictor for C stock value with a coefficient of determination (R2) value of 0.62. The BA value describes the accumulation of trees in the stand, which is a function of D and stand density, although the variables D and stand density themselves cannot be predictor variables for the value of C stock individually.





4. Discussion


The agroforestry systems observed in the research sites in West Java are crucial for the livelihoods of local farmers, as they have both commercial and subsistence production value. In addition to timber from tree species, cardamom as an understory also has good market prospects, as it is widely used for food flavoring and herbal medicines [54,55]. Cardamom is also a suitable plant for growing under the tree canopy in a low light environment (29% to 82%) [56]. In managing these agroforestry systems, which are less labor-intensive than monoculture agriculture (e.g., rice, corn, beans), farmers mostly use family labor to enhance farm production and profits. However, maximizing the economic benefits of these systems may depend on the availability of labor, land, stable markets, and credit [57,58].



Farmers in the study sites reported that practicing agroforestry helps conserve soil and restore degraded land. Several studies have demonstrated that agroforestry systems can control runoff and soil erosion better than open cropland, thereby reducing losses of water, soil material, organic matter, and nutrients. They can also be employed to reclaim eroded and degraded land [59,60,61]. Local communities in the Indonesian archipelago possess the knowledge to use many traditional local tree garden—repong damar, simpukng and tembawang agroforestry systems as climate-smart farming, to manage ecosystems and restore degraded land [15]. Considering the high costs involved in land restoration (approximately 260 USD to 2880 USD ha−1, depending on the restoration method used and the condition of land) and global concern for large-scale restoration [27,62,63], involving communities through their agroforestry practices can have low-cost potential (approximately $181 US to $402 US ha−1, see also Rahman et al. [21]). Carbon sequestration across agricultural landscapes is important to minimize net C emissions from agriculture and mitigate climate change [64]. The agroforestry systems observed in our research sites have stored 37–108.9 Mg C ha−1. The carbon stocks of the simple systems (i.e., combination of single trees with cash crop or grass) and mixed-tree system are slightly similar to C stock on agroforestry systems reported by other studies in Indonesia [31,32]. The C stock is found relatively higher in oil palm and agarwood-based systems in Sabah, Malaysia [34]. The mix tree plot systems in our study shows higher potential carbon stock than complex agroforestry system in the buffer zones of a national park in Sulawesi, and mixed tree systems in Bengkulu [33,35]. The variation in C stocks in these systems depends on the amount of biomass in the stands, particularly in tree components. Tree biomass accumulation representing the value of tree BA has a correlation of C stock value (see Figure 3). The higher the BA, the higher the biomass accumulation and C stocks. This is what we have found in the mixed-tree lot systems and the gmelina-based agroforestry system (i.e., relatively higher BA and C stock value compared to other three systems of our study).



As the agroforestry systems consisting of various tree species have high C stock potential (see Table 3, mixed tree lots), in order for agricultural land areas to absorb more C, increasing the adoption rate of agroforestry systems consisting of dense mixed tree species is crucial. The accumulation of soil C also improves soil quality and therefore productivity, and keeping soil in good condition supports farmers in adapting to climate change and extreme weather events [65]. However, targeting to have more C stock by having more trees in the agroforestry systems, farmers may need to compromise understory crop production due to increased tree canopy cover. Therefore, there is a trade-off between number of trees and understory crop production. To maximize overall benefit, farmers may consider planting fast growing timber and/or fruit trees with shade tolerant understory crops, e.g., pineapple (Ananas comosus) and ginger (Zingiber officinale), that also have high market value.



Farmers’ adoption of agroforestry can be enhanced through implementation of supportive policies and measures by government and non-government organizations, such as capital support, the establishment of tailored market systems, secured land tenure, and technical assistance [57]. Effective policies should be propagated not by temporary projects but by long-term, government-backed institutions focused on agroforestry practices that may need adaptation to meet new opportunities and constraints. Our classification of agroforestry, i.e., agrisilviculture, silvopasture, silvofishery, and mixed tree lots (see Table 2), is based on the structures, components, and management practices of the systems, and this result can contribute to the documentation of agroforestry systems practiced in West Java. As there are gaps in information documenting the multitude of agroforestry systems practiced in different landscapes, such information is crucial for the development of supportive policy frameworks to implement climate smart agroforestry in other parts of Indonesia and elsewhere in the tropics, specifically for benefiting livelihoods and nature through land restoration [23,57,66]. The restoration of land using agroforestry can bring win-win solutions in attaining environmental and development objectives, which is also supported by other studies, e.g., degraded land restoration through agroforestry in Wonogiri, Central Java [27], and a burned and degraded peat land restoration project in Pulang Pisau, Central Kalimantan [16].




5. Conclusions


This study investigated the C sequestration potential of six agroforestry systems practiced by smallholder farmers in degraded landscapes in West Java province. The mixed-tree system practiced in the Ciamis area was found to have the highest C stock potential, i.e., 108.9 Mg ha−1, while the caddam-based system with cardamom or elephant grass practiced in Garut provides the lowest C stock (37 Mg ha−1). Tree stand density and diversity are key to having comparatively high or low C stock. Although the observed systems have variations in C stock, they are all crucial for local farmers to prevent topsoil erosion and landslides, and for the restoration of degraded land through tree regeneration. With this empirical evidence, this study contributes to agroforestry system science, specifically in its documentation of the characteristics of systems developed by farmers (i.e., species, structure, products, management) and their capacity for C sequestration, for practicing the restoration of degraded landscapes. However, further studies are required to investigate factors affecting farmers’ selection of species, management intensity, market linkages, different landowners’ interest in adopting such systems, and testing new systems (considering various fruit, spice, timber, and ornamental trees with various understory crops) targeted at enhancing and diversifying ecological functions in different types of degraded lands in West Java province and elsewhere that could also contribute to climate change mitigation and adaptation.
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Figure 1. Locations of study sites in West Java (a), Landsat 8 imagery (2020) of study sites (b). 
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Figure 2. Common agroforestry systems in the study sites in West Java. 
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Figure 3. Correlation between C stock and average diameter (D), stand density and basal area (BA) in each measured plots. 






Figure 3. Correlation between C stock and average diameter (D), stand density and basal area (BA) in each measured plots.



[image: Forests 12 00714 g003]







[image: Table] 





Table 2. Description of common agroforestry systems across the study sites in West Java.
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System

	
Major

Component

	
Species

	
Structure

	
Products

	
Uses and Management Level






	
Agri silviculture

	
Trees + crops

	
Manglid + cardamom (Amomum compactum)

	
Regular spacing (initial tree spacing 4 m × 2 m or 2 m × 2 m)

	
Timber (Manglid), food and medicine (cardamom)

	
Commercial.

Medium—high input




	
Gmelina + cardamom (Amomum compactum)

	
Regular spacing (initial tree spacing 2 m × 2 m or 2 m × 1 m)

	
Timber (Gmelina), food, and medicine (cardamom)

	
Commercial.

Medium—high input




	
Caddam + Cardamom (Amomum compactum)

	
Regular spacing (initial tree spacing 4 m × 2 m)

	
Timber (Caddam), food and medicine (cardamom)

	
Commercial.

Medium—high input




	
Silvopasture

	
Trees + pastures

	
Caddam + elephant grass (Pennisetum purpureum)

	
Regular spacing (initial tree spacing 4 m × 2 m)

	
Timber (Caddam), fodder (elephant grass)

	
Commercial, subsistence.

Medium—high input




	
Silvofishery

	
Trees + freshwater fishpond

	
Various trees + fish

	
Irregular spacing, trees along the embankment

	
Timber (trees), food (fish, fruits), soil conservation (trees)

	
Commercial, subsistence.

Medium—high input




	
Mixed-tree lots

	
Trees + natural undergrowth

	
Various trees + weed

	
Irregular spacing

	
Timber (trees), food (fruits), fuelwood (trees)

	
Subsistence, semi-commercial.

Low input
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Table 3. C sequestration capacity of various agroforestry systems in study sites in West Java province.
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Agroforestry System

	
Site

	
C Stock (Mg ha−1)

	
Stand Density (Tree ha−1)

	
Diameter (D) (cm)

	
Tree BA (m2 ha−1)

	
Ref




	
Trees

	
Understory

	
Necromass

	
Total






	
Manglid +

cardamom

	
Tasikmalaya

	
42.3

(14.8–106.2)

	
0.6

(0.1–0.7)

	
1.1

(0.5-2)

	
44

(16.7–108)

	
1247

(500–2250)

	
14.5

(9.3–28.1)

	
20.1

(8.8–41.6)

	
[42]




	
Gmelina + cardamom

	
Tasikmalaya, Banjar,

Pangandaran

	
61.7

(19–112.8)

	
0.8

(0.5–1.1)

	
1.4

(0.3–7.7)

	
63.7

(20.3–114.4)

	
3794

(1550–5850)

	
10.1

(5.3–16.3)

	
32.4

(13.2–53.9)

	
[43]




	
Caddam + Cardamom *

	
Garut

	
36.8

	
0.1

	
0.06

	
37.0

	
340.0

	
27.2

	
19.8

	
[29]




	
Caddam + elephant grass *

	
Garut

	
36.8

	
0.2

	
-

	
37.0

	
340.0

	
27.2

	
19.8

	
[29]




	
Mixed-tree species and freshwater fishpond

	
Ciamis

	
53.9

(12.7–89.1)

	
0.1

	
ND

	
54.0 (12.8–89.2)

	
704.0

(437–1200)

	
15.5

(9.4–18.5)

	
15.7

(14.8–17.5)

	
[44]




	
Mixed tree lots

	
Ciamis

	
108.6

(85.9–123.2)

	
0.3

(0.1–0.5)

	
ND

	
108.9

(86.3–123.4)

	
1633

(1000–2000)

	
11.9

(8.8–17.1)

	
30.2

(24.1–40.6)

	
[44]








Note: Numbers in parentheses are the range value; ND = no data; * Data developed from estimation model without range data.
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