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HIGHLIGHTS

e Humans play a vital role in mediating
each element of homegardens, including
the above-ground biomass (AGB).

e The study aimed to assess the relations
of AGB vs human interventions, in
modulating homegardens as AGB car-
bon storages.

e Tree diversity, time spent on home-
garden, technical awareness and non-
timber usage, significantly affected the
AGB.

e The model suggests that effective medi-
ation of humans could optimize tradi-
tional homegardens at storing AGB
carbon.

e The impact of human intervention on
homegardens by means of a promising
carbon storage is hardly discussed in
literature.
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ABSTRACT

CONTEXT: Accumulating above-ground biomass (AGB) and conservation of biodiversity are two major services
provided by any ecosystem and homegardens are no exceptions. The permanent structure of a homegarden is
owing to its perennial tree-community which steadily builds up and maintains the tree diversity and AGB
accumulation. Being a manmade agroforestry system, humans play a vital role in mediating each component of
homegarden ecosystem including its carbon stock and biodiversity through management of the tree community.
OBJECTIVE: The objectives of this study were to compute the tree diversity and AGB and human interventions in
homegarden ecosystem in Jaffna peninsula and to identify the most prominent factors affecting the AGB.

METHODS: A primary survey was conducted capturing 135 homegardens from two agro-ecological regions (DL3
and DLy) in Jaffna peninsula (Northern province, Sri Lanka), where homegardens are observed as the primary
tree-based vegetation. Data on floral composition, livestock and, household-interventions in homegardens were
gathered through a structured questionnaire. Tree diversity and AGB were computed using Shannon-Wiener
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index (SWI) and carbon stock respectively. A multiple linear regression model was estimated to determine the
effects of pre-defined interventions on AGB of homegardens.

RESULTS AND CONCLUSIONS: The study sample consisted of 122 small-scale (<0.2 ha), 11 medium-scale
(0.2-0.8 ha) and 02 large-scale (>0.8 ha) homegardens. The mean tree diversity as estimated by SWI was 1.1
+ 0.6 with 38 perennial species and 1286 trees; 32 genera and 17 families. An average homegarden is estimated
to store 23.8 + 20.9 Mg C/ha as AGB. Homegardens which reared livestock animals, had a significantly lower
SWI value, yet, a higher AGB stock, compared to the opposed group (p < 0.05). The SWI, time allocation (hours)
for homegarden/week/ha, technical knowledge on farming and non-timber usage within homegarden have
significantly (p < 0.05) contributed to the AGB of homegardens, with regression-coefficients of 6.12, 0.02, 1.38
and 7.91, respectively. The results indicate that up-keeping the commitment of households in managing their
homegardens contribute to environmental sustainability.

SIGNIFICANCE: The results revealed a significant contribution of human interactions on the size of the AGB of
homegardens in Jaffna peninsula. This contribution was not adequately discussed in previously literature and the
findings suggest the need to manage human interactions in homegarden agroforestry systems to optimize carbon

stock in traditional homegardens.

1. Introduction

Agriculture sector is estimated to be responsible for 25% of the
overall greenhouse gas emissions leading to global warming worldwide
where CO3 is the major contributor (Gifawesen et al., 2020). The process
of accumulating atmospheric carbon into biomass, carbon sequestration,
has now been identified as a promising pathway to reduce greenhouse
gases and mitigate matters linked with climate change (Gedefaw et al.,
2014; Henry et al., 2009). Carbon sequestration is known as one of the
major environmental services of any ecosystem, including homegardens
(Kumar, 2006). Accordingly, Roshetko et al. (2002) showed that
homegardens can be modified to accumulate carbon as biomass while
contributing towards household requirements and other services as well.
It is obvious that the natural forest cover plays the primary role in
storing atmospheric carbon in Above-Ground Biomass (AGB) (Gedefaw
et al., 2014; Yohannes, 2015; Abere et al., 2017). However, Siyum and
Tassew (2019) argued that homegardens with an adjoining forest cover
also possess a similar capacity in terms of AGB accumulation while
Roshetko et al. (2002) and Bargali and Bargali (2020) reported that
homegardens could store carbon stocks similar to secondary forests.
Susanto et al. (2021) also suggested that the homegarden tree commu-
nity could be reflected as a selectively logged forest. In that ecosystem,
the carbon stock of trees with a diameter at breast height (DBH) of >30
cm has contributed 30% to the total AGB primarily by the dominating
fruit tree community aged 0-10 years. Thus, in the long run, atmo-
spheric carbon is fixed significantly in the vegetation of the home-
garden, predominantly in its tree community as AGB carbon (Gifawesen
et al., 2020).

Species richness and abundance of a homegarden is fundamentally
controlled by the landscape structure and the interest of the household
members, who make decisions on planting and managing trees. Roo-
duijn et al. (2018) discussed how the interventions made and supervi-
sion of the household members, govern the abundance of each
established species within the garden. Karki et al. (2021) and Shahi et al.
(2023) presented how the carbon stock in the AGB of an agroforestry
system is modulated by precise human interventions. Tropical home-
gardens tend to have fruit-baring perennial species, the majority of
which have been confirmed as species with high CO, fixing capacities
(Susanto et al., 2021) and, depending on the build and growth rates, and
management of the tree communities, they result in higher or lower
stocks of AGB carbon in these agroforestry systems. Therefore, it is
obvious that there is a promising potential to utilize simple human in-
terventions in optimizing the homegarden towards an enhanced
ecosystem for carbon absorption.

Several studies found that tree diversity is the most vital factor to be
considered when addressing homegardens as carbon storage. High tree
diversity essentially nurtures the AGB of a homegarden ecosystem (Lowe
et al., 2022; Baul et al., 2021; Brakas and Aune, 2011; Jaman et al.,
2016; Mattsson et al., 2015; Rahman et al., 2021; Siyum and Tassew,

2019). Furthermore, the combination of trees at different ages and
different structural statures may also result in significantly higher AGB
carbon stocks, when it comes to these man-managed agroforestry sys-
tems, i.e., homegardens. As pointed out by Santhoshkumar and Ichikawa
(2010), Soemarwoto (1987), Ninez (1985) and Ruthenberg (1971), the
tree diversity and convenience of access to the garden are governed by
the household members who deliberately manage, modify and change
the arrangement of the garden. In this regard, any modifications, which
are applicable technically as well as legally to the homegarden in terms
of tree composition, could be applied considering expansion, replace-
ment, substitution, and management of the perennial tree community
(Pushpakumara et al., 2012).

Homegardens feature a systematic management system among crop-
tree-animal units by household members, which essentially linked with
the household requirement and level of knowledge (Kumar and Nair,
2004; Lope-Alzina & Howard, 2012). Thus, due to this effective asso-
ciation of crops and trees with animals and fish, homegardens can be
viewed as a timely intervention to minimize food insecurity at the
household level by providing staple food items at supplement levels,
ready to consume food items, and ready to trade products. (Mulugeta,
2014). Both plant based and animal based food items can be incorpo-
rated as an element of the homegarden, so that the household can enrich
its dietary diversity. According to Talukder et al. (2000), animal-based
food items in the diet offer a greater source of micronutrients than
plant-based foods, emphasizing the advantage of keeping livestock as a
protein food source among the homegarden components.

The compositional arrangement of the tree community of the
homegarden can essentially provide for the household with plant based
food sources to enhance the dietary diversity and assist domestic food
security as well. For an instance, homegarden and its different resources
usually provide a variety of food items as a supplement, including staple
food, vegetables, fruits, medicines, fodder, livestock, and sometimes fish
(Pandey et al., 2017; Pushpakumara et al., 2012). Thus, properly
maintained homegardens carry a comparatively undisturbed food pro-
duction due to the proper combination and management of crops with
different life cycles throughout the year (Lope-Alzina & Howard, 2012).
However, the tree composition in this regard is primarily influenced by
the preferences, requirement and expectations of the household
(Mattsson et al., 2015). Therefore, it is an obvious fact that the home-
gardens could be a timely strategy to address these situations in a more
integrated approach.

Some authors consider that humans do not essentially require sci-
entific knowledge and skills to manage a homegarden (Kumar and Nair,
2004) while counter-arguments does exist regarding the opinion. Gaja-
seni and Gajaseni (1999) discuss that lack of familiarity and knowledge
in agronomic practices might suppress the true potential of the resource
utilization of a homegarden to its maximum. Accordingly, proper
management of the tree community is proved to be the key to the
establishment of a sustainable agroforestry system (Gajaseni and
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Gajaseni, 1999; Galhena et al., 2013; Kumar and Nair, 2004), where the
owner of the homegarden is responsible to ensure the proper founding
and survival of the key perennial species of the garden for a sustainable
progression. This is an enduring activity that requires critical agronomic
decisions at certain points. For an instance, even from the establishment
of the homegarden a proper management is required. Thus, the ultimate
expectation is that the trees reach proper standing qualities at maturity,
ending up as improved carbon-storing units as well as providers for
household as well.

The current study was conducted to assess the tree diversity,
composition, and role of livestock and poultry in homegardens and AGB.
The primary objective was to compute the tree diversity and AGB and
human interventions in homegarden ecosystem in Jaffna peninsula and
to identify the most prominent factors affecting the AGB. Further, to
suggest a generalized model, for the given context, with the most
prominent factors affecting AGB of an agroforestry system of Jaffna
peninsula in the northern province of the island.

2. Materials and methods
2.1. Location of study

The study was conducted in the Jaffna peninsula of Sri Lanka, which
is located in the northern province of the island; 9.6930° N, 80.1652° E
in Low Country Dry zone. Jaffna is well known for smallholder agri-
culture and widespread homegardening. Approximately 50% of the
homegardens are engaged in livestock farming activities. The forest
cover is relatively lesser in Jaffna and homegardens are observed as the
primary tree based vegetation (Jeyavanan et al., 2017; Lowe et al.,
2021). Jaffna peninsula is divided into two agro-ecological regions
(AERs), namely DL3 and DL4 (where DL denotes low country dry zone),
which are unique to the northern region and north-western coastal areas
of the island (Table 1). The study site represents an exclusive ecosystem
along with agricultural activities and ecological conditions owing to its
soil types and climate. The DL3 and DL4 are considered two of the three
AERs which receive the least amount of annual rainfall compared to all
other AERs of Sri Lanka (Punyawardena, 2009). DLg region consists of
Red -Yellow Latosols and Regosols soil types whereas DL4 consists of
Solodized Solonetz, Solonchaks and Grumusols soil types.

2.2. Methods of sampling of homegardens

Homegardens for the survey were sampled along a transect which
was identified based on climatic data, elevation gradient, and soil type
with the representation of the DLg and DL4 regions. In addition, the
transect was identified to capture homegardens which were ranging
from urban and suburban to rural areas running up to natural ecosys-
tems of the district. Thus, the transect constructed stretched through
four local administrative units (villages); Jaffna, Kodikamum, Delft Island
and Kankesanthurai. Each village consisted of 8-10 surveying points
which is a random cluster of homegardens within a 5 km radius. Around
2-4 households were sampled at each surveying point. These surveying
points were selected purposively to capture a variation from urban,
suburban to rural areas of the village based on observations. The Latin
hypercube sampling (LHS) method was adopted to select homegardens
for the survey while keeping the sample as random as possible (Minasny
and McBratney, 2006). LHS method enables capturing of a nearly

Table 1
Description of two Agro-ecological regions in the study site.

AER  General description of land use systems Mean annual rainfall

(mm)
DL3 Chili, onion and ground nut cultivation. Scrubbed >800 mm
forests
DL4 Paddy and field crops. Scrubbed forests >750 mm
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random sample, while collectively considering multiple parameters. In
addition, it allows to search the desired sample from a multidimensional
distribution.

2.3. Method of collection of data

The homegarden survey was conducted in January-March 2019
using a pre-tested questionnaire using an online platform. Face to face
interviews were conducted with the head of the household or a key
decision-maker of the household. Identification of floral species was
done through observations. Woody and non-woody tree species in the
garden along with tree stand measurements (DBH measured in ‘cm’ and
height estimated in ‘m’) of each woody tree were the key information
gathered to estimate the AGB of homegardens. All the individual woody
trees found in homegardens with a DBH > 5 cm were inventoried to
estimate AGB, as described by Baishya et al. (2009), Brakas and Aune
(2011), Gedefaw et al. (2014). Non-woody trees (Musa spp. and Carica
papaya) were also recorded as they represented the tree community of
the homegardens. Presence of livestock animals in surveyed home-
gardens was noted as a binary data (yes/no) along with the diversity of
animals in terms of different species.

Monthly income of the households, family size and dependency ratio
were recorded as the primary socioeconomic data. The respondents
were asked whether they utilize non-timer materials within or outside
the homegarden. Information on general practices of different agro-
nomic activities and other involvement in the homegarden were also
gathered.

Information on homegarden and the interventions made through the
household were identified by directing questions on time allocated by
the households for homegarden related activities, utilization of timber
and non-timber materials, fertilizer management, and practice of
various agronomic activities. Altogether 139 homegardens and house-
holds were included in the survey. Since four outliers were identified
after adopting the Grubbs’ test, the final sample consisted of 135
homegardens.

2.4. Methods of analysis of data

Demographic characteristics of the households of each homegarden
were presented using descriptive statistics. Species richness was recor-
ded as the total number of woody tree species observed in a homegarden
and the abundance was presented as the total number of individual
trees.

Due to the lack of properly validated methods on calculating the
biomass of tropical tree species, including the species prevailing in Sri
Lankan homegardens, most commonly used general allometric models
which are developed with critical validation process of an extensive
datasets were applied in the study. Hence, the Pantropical allometric
equations which have been developed for tropical natural forests by
Brown (1997), Chave et al. (2005) and, Hairiah et al. (2010) were used

Table 2
Equations used to calculate above-ground carbon Y = AGB (Mg/ha), D—DBH
(cm), H=Height (m), S=Wood density (g/cm3).

Biomass Equations References
category
a  Individual trees Y = §
5 Chave et al.,
(dry forest) exp[ —2.187 +0.916 x In(D* x Hx S) |
2005
b Individual trees = — 2
ivi Y =exp[—2.977 +In(D*> x Hx S) | Chave et al.,
(moist forest)
2005
¢ Palm trees Y =exp[ —2.134 + 2.530 x In(D) ]
Brown, 1997
d Banana Y = 0.030 D>13 .
Hairiah
et al., 2010
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to calculate AGB (Table 2). For an instance, among many other recent
studies which had a similar interest, Kassa et al. (2022) and Susanto and
Kartawinata (2021) have also used the same equations to estimate the
AGB, while emphasizing the validity of these equations. These equations
were applied to each tree separately to estimate the AGB of individual
trees and summed up to estimate the total AGB of the respective
homegarden. The computed AGB was then transformed to aboveground
carbon stock considering that carbon accounted for 50% of the total AGB
of the studied system (Brown, 1997).

The tree diversity data which were recorded during the survey by
means of species richness and abundance of each species, were used to
calculate the Shannon Wiener index (SWI) (Eq. (1)) (Shannon et al.,
1950; Spellerberg and Fedor, 2003)

H (SWI) = =" (pi) x In(pi) (€))

where, H=SWI, p; = proportion of total sample represented by species, i
= proportion of species relative to total number of species.

Summed Dominance Ratio (SDR) was calculated (Eq. 2) using rela-
tive density (RD) and relative frequency (RF) of perennial species to
identify the most dominant species in a homegarden (Chen et al., 2014;
Rahman et al., 2017a, 2017b; Whitney et al., 2018). The SDR value can
be used to identify the most valuable and useful species for a given
cluster or an area (Whitney et al., 2018).

SDR = (RD+RF)/2 ()

Where, SDR = Summed Dominance Ratio, RD = Relative Density
(total number of individuals of a crop/Total number of individuals of all
crops) RF = Relative Frequency (total count of homegardens in which a
crop occurred/sum of counts of all crop occurrences in all homegardens
surveyed).

To determine the importance value of a species relative importance
value (RIV) was calculated as stated in Eq. (3), using relative frequency
(RF) and relative dominance (RD’; Eq. (4)) of perennial species.

RIV = RF +RD 3)

RD — Total basal area of all individuals of a certain species

Total basal area of all individuals of all species )

Independent variables which were hypothesized to possess an effect

on the AGB of homegardens are listed in Table 3. Selection of determi-

nant factors on AGB of homegardens along with the sources of refer-
ences. The AGB was regressed with those variables.

The variable named ‘technical knowledge’ was constructed to illus-
trate commitments of the household for technology-based practices
namely, changing planting dates, introducing high-yielding, pest and
disease-resistant varieties, changing agronomic practices, fertilizer
management, utilization of timber and non-timber materials within and
outside the homegarden, and application of soil and water conservation
methods (mulching, building terraces, and shading). A binary score (one
and zero for presence and absence, respectively) was assigned to each

Table 3
Selection of determinant factors on AGB of homegardens.

Variable Unit Sources adopted from
SWI of homegardens No unit Korale-Gedara et al., 2012
Frequency of time Hours per ha Santhoshkumar and Ichikawa, 2010
allocation per hectare per week Soemarwoto, 1987;Ninez, 1985;
Ruthenberg, 1971
Technical knowledge of Composite Daulagala et al., 2013; Galhena et al.,
farming score 2013; Kumar and Nair, 2004;
Teklehaimanot and Hall, 2012;
Weerahewa et al., 2012; Soemarwoto,
1987
Non-timber usage inside No unit Santhoshkumar and Ichikawa, 2010;

the homegarden Landon-Lane, 2011

(binary)
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activity. Thus, the composite score was calculated by aggregating the
value of individual scores obtained from each question. The effect of
presence of livestock animals on tree diversity and AGB was assessed by
applying a t-test.

3. Results
3.1. General description of the homegardens

The average family size of the households surveyed was four mem-
bers with a dependency ratio of 0.85. Of the respondents, 78% were
males and the average age was 53 years. A regular homegarden had an
average land extent of 0.1 ha which comprised of different floral species
that help in income generation and in supplying domestic food neces-
sities. Fifty percent of the households had livestock (cattle, goat, poultry,
or any combination of the mentioned animals). The homegardens rep-
resented a standard perennial tree-based agroforestry system, with poor
tree diversity.

A large majority of the homegardens were small-scale with an
average extent of 0.07 ha. An average household income was around
28,000 LKR per month and agriculture related activities were also
contributing to that (Table 4).

The two AERs in Jaffna peninsula; DLg and DL4 are illustrated in
Fig. 1. The majority of the homegardens surveyed (84%) were located in
DL3 which is dispersed on the main island. There’s an intermediate
common area between DLs and DL4, which has mixed features and
ecological conditions of the two regions, but could not be classified as a
new AER. The common region is named DL3&DLg.

3.2. Tree diversity, composition, SWI and presence of livestock animals

During the homegarden survey, a total of 1286 perennial individual
trees belonging to 38 species were inventoried along with tree stand
measurements (height and DBH). These perennial species belonged to
32 genera and 17 families. Other than the recorded perennials, banana
(Musa spp.) and papaw (Carica papaya L.) were also observed in home-
gardens, which were categorized into non-woody perennial species. In
this study, homegardens in the Jaffna peninsula were described using
perennial trees and tree diversity which consists on average of nine in-
dividual trees with a mean richness of four and SWI value of 1.10 +
0.58. The total land extent of homegardens covered in the study was
13.72 ha where the mean perennial species found per ha of homegarden
was 65 and the mean individual trees per ha of homegarden was 136.

Most of the homegardens had a land extent of <0.2 ha (small scale)
(Table 5). Only 11 and 02 homegardens were identified as medium
(0.2-0.8 ha) and large scale (>0.8 ha), respectively. The calculated
floristic diversity indices such as richness, abundance and SWI, and AGB
among the small, medium, and large scale homegardens were similar.
Thus, large-scale homegardens were considered a rare observation in the
study site. (See Table 6.)

As depicted in Fig. 2, >90% of the recorded species were captured
within 106 homegardens (78.5% of the total). In addition to that, the
same trend was observed in the species-area curve, by capturing 90% of

Table 4
Brief summary of the study sample of homegardens.
Parameter Small scale Medium Large scale Overall
scale
Sample size (n) 122 11 2 135
Family size 4+1 3+2 3+1 4+2
Dependency ratio* 0.88 + 0.64 + 0.67 0.50 + 0.85 +
0.86 0.71 0.84
Household monthly 29,616 + 21,518 + 19,500 + 28,806 +
income (LKR) 25,976 14,528 27,577 25,238

" The dependency ratio was calculated by dividing the number of dependent
members in the family by the number of independent members in the family.
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Fig. 1. Distribution of the survey sample across the captured agro-ecological regions; DL3, DL3&DL4, and DL4.

Table 5
Summary of floristic data and AGB of the homegardens (n = 135).
Parameter Small scale Medium Large scale Overall
scale
Sample size (n) 122 11 2 135
Mean richness 4+2 3+2 6+3 4+2
Mean abundance 9+ 7 14 +£11 19 + 21 10+7
SWI 1.12 +£0.58 0.80 + 0.49 1.69 £ 0.12 1.10 £ 0.58
Mean extent/HG 0.0671 + 0.3196 + 1.0116 + 0.1017 +
(ha) 0.0295 0.1581 0.2861 0.1436
Species per ha 71 + 45 11+7 6+1 65 + 47
Trees per ha 146 + 104 48 + 40 16 £ 16 136 + 104
Mean AGB (Mg 25.24 + 11.52 + 3.23 +£2.88 23.80 +
C/ha) 21.23 11.25 20.91

HG: Homegarden, +Standard deviation.

Table 6
Multiple linear regression analysis on determinants of AGB.
Variable Mean(+SE) Coefficient p
AGB (C Mg/ha): Dependent variable 23.80 +1.80
Independent variables
Constant 1.340 0.000
SWI 1.11 £ 0.05 6.120 0.036
Time allocation for homegarden (hours/ 184.37 + 0.020 0.053
week/ha) 13.90
Technical knowledge of farming (Score) 5.64 + 0.28 1.381 0.020
Non-timber usage inside the homegarden Yes =71 7.910 0.038
(53%)
No = 64 N/A N/A

(R?=14.77, p = 0.000, F = 6.81)

the recorded species with 85% (11.64 ha) of the total land extent
surveyed.

Tree diversity, species richness, and abundance between the two
AERs were similar (P > 0.05). Still, in Jaffna, there’s a combined AER
(DL3&DLy) identified that deliberately possesses characteristics of both
DL3 and DL4 (Punyawardena, 2009). However, despite having a small
sample size, (n = 06) DL3&DL4 region appeared to be having a higher
number of trees as well as species per hectare compared to the other two
regions, resulting in a higher SWI.

C. nucifera (Cocos nucifera L.) was the most dominant and abundant
perennial crop recorded in homegardens in Jaffna, followed by mango
(Mangifera indica L.), neem (Azadirachta indica A. Juss.), arecanut (Areca
catechu L.) and jackfruit (Artocarpus heterophyllus Lam.). A total of 556
C. nucifera trees were recorded, which explained 43% of the total
recorded individual trees, in 87% of the homegardens in the study
sample. The summed dominance ratio (SDR) which combined both
frequency and abundance of a given species showed that C. nucifera was
dominating the tree community by 32%, followed by mango, neem, and
jackfruit. Similarly, according to the relative importance value (RIV),
C. nucifera, M. indica, A. indica, A. heterophyllus, and palmyra (Borassus
flabellifer L.) were noted as the top five most important tree species in an
average homegarden in Jaffna (Fig. 3). Both SDR and RIV were repre-
sented by the same set of perennial species with minor deviations in
their rank of importance or dominance.

People in the Jaffna district had shown a significant interest on
rearing domesticated livestock animals as an animal based food source
at subsistence levels and also as an additional income source. About 50%
of the homegardens assessed in Jaffna had livestock (Jeyavanan et al.,
2017; Lowe et al., 2021), where the most common animal species was
chicken (Gallus gallus domesticus), while cattle (Bos spp.) and goat (Capra
aegagrus hircus) were found in lesser numbers. In Jaffna, 06 (4%)
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Fig. 3. Most commonly observed perennial species in Homegardens of Jaffna peninsula.

homegardens had combination of livestock; cattle and goats with
poultry, and 34 (23%), 26 (18%) and 22 (15%) homegardens had only
poultry, goats and cattle, respectively (Lowe et al., 2021).

However, raring livestock stated no significant effect on the total
household income which implies that the livestock are being kept for
other values such as; aesthetic value, nutritional value, ready to trade
property etc., rather than regular income generation activity. It was
interesting to note that the households which produced livestock prod-
ucts, tend to share the excess produce in some situations (Fig. 4).
However, understandably the primary act was to consume and sell the
excess produce to earn an extra income.

Being one of the easily managed backyard animal species, keeping
poultry in homegardens could be highly beneficial. However, raring
cattle and goats in homegardens indicated no effect on milk and milk
based food consumption in Jaffna homegardens indicating that con-
sumption of milk based products do not get affected by the availability of
dairy animals in homegardens in the study area.

3.3. Contribution from perennial crops and livestock to the household in
terms of income

Both perennial trees and livestocks act as food and income sources
that increase the livelihood diversity of the households. Around 33%,
27%, 12% and, 19% of households have obtained income from coconut,
fruits, egg and animals and >30% of households were able to get income
from the other sources as well (Fig. 5). The household income gained
from the homegarden ranged from zero to 1,320,000 (22,435 +
11,7629) LKR.

3.4. Above-ground biomass carbon (AGB)

The mean AGB of an average homegarden in Jaffna was 23.80 Mg C/
ha with a wide variation (range: 0.06-105.06 Mg C/ha and the coeffi-
cient of variation was 88%). The lowest mean AGB was recorded in DL3
while the highest was recorded in DL3&DL4. This high variation was



A. Lowe et al.

Number of housshokls
[~
o

Agricultural Systems 215 (2024) 103842

B Consumed

Gifted

& Sold

Eqq

Fig. 4. Three main ways of utilizing livestock products originated from homegardens in Jaffna (Lowe et al., 2021).

40% -

35% -

30% -

25% -

Percentage of househokis

Firewiood Timher

Friit

Coocomg

Meat Fgg Milk Animal  Manure

Income source from the homegarden

Fig. 5. Different income sources recorded from homegardens in Jaffna.

observed owing to the highly diverse nature of homegardens under
various levels of supervision. Combining the dominance and abundance,
the top contributors to the overall AGB were observed as C. nucifera,
M. indica, and B. flabellifer, followed by A. indica, A. heterophyllus, and
guava (Psidium gugjava L.). >90% of the total AGB recorded was
described by the top three dominant species (C. nucifera, M. indica, and
B. flabellifer).

AGB of a small-scale homegarden (25.2 Mg C/ha) was more than
twice that of a medium-scale homegarden (11.5 Mg C/ha). The AGB
among DL3, DL3 & DL4 (this is the area exists in between the two AERs,
which obviously retain mixed characteristics of both other regions and
generally indicated in AER maps of Sri Lanka) and DL4 was similar (P >
0.05). The land extent of the homegardens and AGB were significantly
negatively correlated (p < 0.05) having the low strength of correlation
(0.277).

3.5. Effects of tree diversity and other determinant factors on AGB

The SWI (R? = 0.0344) and species richness (R? = 0.0926) showed a
significant (P < 0.05) weak positive correlation with AGB (Fig. 6).

However, the species per ha (R?=0.237) and trees per ha (R? = 0.5885)
explained a higher proportion of the variation of AGB in homegardens in
Jaffna.

When the AGB was regressed with SWI, it was found that time
allocation for the homegarden per week/ha, technical knowledge of
farming, and non-timber usage within the homegarden have positive
and significant effects on AGB (Table 1).

3.6. Relationship between AGB and its determinant factors

The time allocated for homegardens was measured by number of
hours per ha. It was observed that the involvement in the garden ac-
tivities and interventions by the household in larger homegardens were
relatively poor and the mean time allocation was 184.37 + 13.90 h/
week/ha which ranged from 0 to 764 h/week/ha. The mean AGB could
be enhanced by 0.02C Mg/ha, with a slight effort of adding one hour/
week/ha associated with garden activities. The households studied in
Jaffna peninsula have mainly used their technical knowledge in utilizing
timber and non-timber materials produced within homegardens,
applying appropriate soil and water conservation methods, pest and
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Fig. 6. Impact of tree diversity on AGB of homegardens in Jaffna. (a). AGB vs SWI, (b). AGB vs species richness, (c). AGB vs species density, (d). AGB vs tree density.

disease management, and other agronomic practices. The mean value
for the calculated score was 5.64 + 0.28 (§ = 1.381). The households
which were utilizing non-timber materials within the homegarden
perceived the potential to increase the mean AGB by 7.91C Mg/ha
compared to the households which were not utilizing non-timber ma-
terials within the homegarden. They have utilized non-timber materials
such as cadjan leaves and litter material for different purposes within the
homegarden itself, and those will ultimately end up adding organic
matter to garden soil.

In the study sample, 67 homegardens out of 135 homegardens had
livestock. Homegardens which had livestock as an active component in
their homegardens had a significantly lower SWI value (SWI = 0.995, p
< 0.05) compared to the opposite of that (SWI = 1.215). However, the
mean AGB was significantly higher when livestock animals are present
(AGB = 28.4 Mg C/ha, p < 0.05) in a particular homegarden, than the
opposite of that (AGB = 19.3 Mg C/ha). The number of trees/ ha and
number of tree species/ ha had no association with the presence of
livestock animals in the homegarden.

4. Discussion
4.1. Characteristics of the study site and sampled homegardens

An agro-ecological region (AER) is the advancement of agro-climatic
zones, which deliberately consider climatic conditions, soil type,
topography, and land use, in addition to the traditional concern on
elevation, rainfall, and temperature in the differentiation of agro-
climatic zones. Although there are no sub-regions found in Jaffna, in

general, the annual rainfall and rainfall distribution are considered to
divide AERs into sub-regions (Punyawardena, 2009). According to
Punyawardena (2009), DL3 and DL4 are two of the three regions which
receive the least recorded annual rainfall in Sri Lanka. Small-scale
homegardens were observed as the representative characteristic of
homegardens in Jaffna, where the same observation was reported by
Jeyavanan et al. (2017) and Lowe et al. (2021). According to the report
on Land Use and Land Cover of Sri Lanka (2019), Jaffna consists of
31.58% homegardens, 28.85% of agricultural lands, and 8.44% of forest
cover, 4.05% of built-up land, 1.40% of abandoned paddy, 4.96% of wet
lands, 6.39% of rocky, sandy, bare lands and 14.34% water bodies, in
terms of overall land cover. As per the report of Land Use Policy Plan-
ning Department of Sri Lanka (2019), there are 168,084 homegardens in
the Jaffna peninsula, which covers 27,570 ha of arable land in total
(0.16 ha per homegarden on average). However, only 1.40% of the land
was recorded as bare land, implicating that land utilization is highly
optimized.

4.2. Tree diversity, composition, and ecological variation

Referring to the species accumulation curve, it was evident that the
study sample could be attributed as a representative sample of the study
site, in terms of tree diversity. The current study recorded 38 different
perennial species for the study area. This value represents around 10%
of the total perennial species (400) recorded in Sri Lankan homegardens
(Pushpakumara et al., 2012). Jeyavanan et al. (2017) recorded 135
floral species in homegardens in the Jaffna peninsula. However, their
study included both perennial trees and annual field crops, which
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account for a high number of recorded species. Nevertheless, the current
study was focused on the perennial tree community of the garden which
determines the permanent structure of homegardens attributing the
sustainability and maintenance (Lowe et al., 2022; Gajaseni and Gaja-
seni, 1999). The functional diversity of the homegarden changes ac-
cording to the seasonality of major cash crops cultivated in the study
region. For instance, when it is the paddy cultivated season, the atten-
tion and man-power which have been directed on annual crops in
homegardens get diverted to the paddy fields, resulting in a considerable
change in the production level within the homegarden (Gliessman,
1990).

Due to the unique ecological conditions of the study site, the tree
species diversity in terms of species per ha and trees per ha was lower
than the average values reported for Sri Lankan homegardens (Push-
pakumara et al., 2012). This finding supports the report of Korale-
Gedara et al. (2012) who observed a limited diversity of 2 floral species
per an average homegarden in the Dry zone homegardens in Batticaloa
district. A recent study conducted in Hambantota district (with DLs as
the main AER) recorded a diversity index value of 2.09 with an average
richness of 25 species per homegarden. This could be attributed to the
larger land extent of homegardens in Hambantota area (>0.5 ha)
compared to the Jaffna peninsula (Williams et al., 2018). In general,
available land extent has a direct positive influence on the species
richness of the garden (Korale-Gedara et al., 2012; Melvani et al., 2020;
Williams et al., 2018). However, as agroforestry systems, homegardens
possess the capacity to accommodate a high floral diversity resembling
natural forest structures with concern for the benefits of different species
at different canopy layers (Gliessman, 1990; Sahoo, 2009).

Among the most important and dominant species estimated (SDR
and RIV), C. nucifera and arecanut were observed in majority of the
homegardens in Sri Lanka. Previous studies identified homegardens as
palm-based agroforestry systems (Kumar, 2011; Dey et al., 2014). In
addition to that, Palmyra was recorded as a multipurpose perennial
palm species owing to the favorable climatic and soil conditions in
Jaffna peninsula. In general, the northern part of the island is well
known for having a Palmyra as a key species. Besides Palmyra, the
species such as C. nucifera, M. indica, A. indica, A. heterophyllus, and
guava P. guajava, A. catechu and moringa (Moringa oleifera Lam.) were
recorded as the most important species cultivated in homegardens in
Jaffna, where the majority were fruit baring multipurpose species.
Households tend to utilize these plant-based food items to fulfill the
nutrient requirement which is a key aspect in assuring domestic food
security (Marsh, 1998; Rahman et al., 2017a, 2017b; Mellisse et al.,
2018; Panyadee et al., 2018). Thus, well-managed homegardens possess
the capacity to offer a year-round yet subsistence level plant-based food
production to the household, as a remedy to suppress domestic food
insecurity (Ferdous et al., 2016; Mitchell and Hanstad, 2004; Pandey
et al., 2017; Sahoo, 2009; Talukder et al., 2000).

4.3. Estimation of AGB

The estimated mean AGB of 23.80 Mg C/ha consisted of only the
biomass carbon contribution from the perennial tree community. Recent
studies confirm that >98% of the AGB was attributed to the woody
perennial tree community of the respective ecosystem, which is home-
garden in the given situation (Birhane et al., 2020; Lowe et al., 2022).
Therefore, since the woody tree community was the key contributor to
AGB, small shrubs, herbs, and plants were not considered in estimating
the AGB in the current study owing to their insignificant input. Mattsson
et al. (2013) estimated the mean AGB carbon stock of 35 Mg C/ha for a
Dry zone homegarden in DLs (Hambantota district) and DL; (Anu-
radhapura district) AERs. However, they estimated the AGB of an
average Dry zone homegarden in DL; as 12.7 Mg C/ha, which was
comparatively lower than the current estimations. Jeyavanan et al.
(2017) estimated the mean AGB of a Dry zone homegarden in Jaffna as
40.51 Mg C/ha, using 125 homegardens, which was higher than the
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projected values of the current study. These variations could be attrib-
uted to the variability in tree diversity, the number of trees per ha,
ecological variations, and compositional differences among sampled
homegardens (Henry et al., 2009; Montagnini and Nair, 2012). In
addition, the sampling method and selection criteria of homegardens in
the current study have resulted in a highly diverse set of homegardens,
which could be acknowledged as the predominant reason for these
differences.

In the current study, estimated AGB of a small-scale homegarden
(25.2 Mg C/ha) was higher than that of a medium-scale homegarden
(11.5 Mg C/ha). The same observation was recorded by similar studies
conducted recently. For instance, Mattsson et al. (2015) stated that the
AGB carbon stocks in small-scale and medium-scale homegardens in Dry
zone region are 26 Mg C/ha and 09 Mg C/ha, respectively. A study in
Bangladesh recorded the same trend of AGB carbon stocks of 58.46 Mg
C/ha in a small-scale and 40.50 Mg C/ha in medium-scale homegardens
(Jaman et al., 2016). Lowe et al. (2022) estimated that 38.8 & 29.7 Mg
C/ha and 28.0 + 14.9 Mg C/ha stocks in small-scale and medium scale
homegardens in Sri Lanka, respectively. These observations confirm that
a higher number of trees per ha and tree diversity are maintained in
small-scale homegardens than the medium and large-scale counter
partners.

4.4. Factors affecting AGB; tree diversity vs human intervention

According to the results of the regression model, AGB tends to
possess a positive correlation with the SWI, family labor hours, technical
knowledge, and non-timber usage within the homegarden. As
mentioned in the previous section, the perennial tree community is well-
established as the primary and major contributor to AGB. According to
Korale-Gedara et al. (2012) SWI is known as the ‘proportional abun-
dance or evenness, accounting for the land shares allocated to each crop
as well as the number of crops’. Further, several studies conducted
recently also found that tree diversity is a crucial factor to be considered
when addressing AGB. The impact of high tree diversity has been
concluded as a positive induce to nurture the AGB of a homegarden
ecosystem (Lowe et al., 2022; Baul et al., 2021; Brakas and Aune, 2011;
Jaman et al., 2016; Mattsson et al., 2015; Rahman et al., 2021; Siyum
and Tassew, 2019). Hence, it is obvious that SWI could essentially be
considered one of the major driving forces that determine the AGB.
However, with the present study, the scattered distribution of AGB was
visualized with the given SWI. The AGB values of <40 Mg C/ha were
reported in each level of SWI even when diversity was not stated (SWI =
0). Further, high values of AGB were stated at moderate levels of SWI.
The reason may be that the explained variability by SWI is low.

As per the findings of Santhoshkumar and Ichikawa (2010), Soe-
marwoto (1987), Ninez (1985), and Ruthenberg (1971), the diversity
and accessibility of the garden are governed by the household members,
who deliberately manage the homegarden by providing full-time or
part-time labor. According to Rooduijn et al. (2018) the species richness
of a homegarden is controlled by the landscape structure while the
household governs the abundance of each species within the garden.
Further, Mattsson et al. (2015) have stated that the tree composition,
tree density and richness are influenced by the preferences of the
household which is reflected in diverse spatial arrangements within the
garden. However, allocated time for garden work depends on the
availability and convenience of the family members, the number of
households in the homegarden and the extent of the homegarden
(Santhoshkumar and Ichikawa, 2010; Soemarwoto, 1987). According to
Stoler (1975), a higher perennial tree community in a homegarden is
reflected by the absence of family labor for garden work, since mature
perennial trees demand the least supervision in terms of their growth
and maintenance, compared to annual crops. Perennials are allowed to
succeed a progressive growth by occasional management practices such
as pruning. Comparably, as perceived in the current study the AGB is
extremely low in the homegardens where the allocated time by the
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households is low since those households have not concerned about
improving their homegardens. The households who allocated excessive
time to their homegardens, could obtain more share of consumption
from the homegarden in terms of outputs of both annual and perennial
plants than the households who have spent lesser time. They could
achieve high benefits by properly managing annual and perennial
plants.

Even though scientific knowledge and skills are not fundamentally
required to maintain a regular homegarden (Kumar and Nair, 2004), a
lack of knowledge in agronomic practices might suppress the potential
for maximum utilization of the resources within a homegarden. Thus, if
the households have a specific set of skills and local knowledge on
gardening, it could be used effectively to assist in enhancing the per-
formance of the homegarden (Galhena et al., 2013). For instance, the
tree community gets managed well by utilizing the available space more
efficiently while maintaining an appropriate tree density within the
garden. According to Gajaseni and Gajaseni (1999), proper management
of the tree community was the key to the establishment of a home-
garden; removal of mature timber for construction, pruning of selected
species, and selection of trees to be left and grow in the garden. The same
study concluded that the owner of the homegarden should ensure the
proper establishment and endurance of the outstanding perennial spe-
cies, before introducing other crops. Therefore, the trees may reach a
proper DBH at maturity with enhanced fruiting capacities and stand
qualities. Hence, traditional knowledge and skills play an important role
in enduring proper agronomic practices in a well-utilized homegarden
(Gajaseni and Gajaseni, 1999; Galhena et al., 2013; Kumar and Nair,
2004). In addition, households tend to add more trees as a practice
concerning soil and water conservation with minimal removal of large
and mature trees from the homegarden, which ultimately increases the
total AGB carbon stock of the system.

The homegardens which consisted of livestock animals tend to have a
significantly lower tree diversity index, which hints that the particular
set of homegardens had a lower number of tree species and individual
trees. It was noted that to maintain a livestock farm, even with a fewer
number of animals, an open and spacious land was required. This allows
the owners to get rid of some of the trees to maintain the space
requirement, which might be the situation in these homegardens with a
lower tree diversity. Still, the owners have kept some of the trees, which
possess a significant value to the household with minimum inputs and
maintenance, and a multipurpose asset in the long-run. Therefore, these
homegardens comprised of a less number of perennial trees, which were
obviously mature and older; e.g C. nucifera, M. indica, A. indica and
A. heterophyllus. In general, these species are known as prominent
biomass stocks in homegardens, which ultimately accumulate an
extensive amount of carbon biomass within the homegarden compared
to the homegardens which had no livestock.

According to Blanckaert et al. (2004) and Cleveland and Soleri
(1987), environmental sustainability can be achieved by the proper
application of local knowledge in the conservation of resources; soil, and
water. Further, when it is combined with scientific knowledge, it
essentially increases the productivity of the homegarden while reducing
environmental degradation (Teklehaimanot, and Hall, 2012; Tefera
et al., 2019). Thus, the households become capable of maintaining
perennial species community more productive and optimal, while
enhancing the annual crop production and livestock within the home-
garden ecosystem (Soemarwoto, 1987; Landon-Lane, 2011). Similarly,
as per the present study, AGB is low within the homegardens where the
households had a low level of technical knowledge. Having a high level
of technical knowledge, such households could occupy comparatively
high AGB in their homegarden. Most of them have used their technical
knowledge especially on pest and disease management, utilizing mate-
rials in the homegarden and integrated farming practices.

Santhoshkumar and Ichikawa (2010) and Landon-Lane (2011) have
pointed out the importance of material utilization in the homegarden.
Non-timber materials such as cadjan leaves, dead leaves, tree branches,
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and other litter materials accumulated within the homegarden play a
significant role in this concept. The litter fall is considered the major
reservoir for nutrient cycling in tropical terrestrial systems, which in this
case, homegardens (Gajaseni and Gajaseni, 1999). Relatively high AGB
was reported in the homegardens where the non-timber material was
accumulated, even though low and moderate amounts of AGB were
observed in the homegardens where non-timber materials were not
utilized inside the homegardens by the households. Generally, house-
holds either use them within the homegarden as a compostable organic
fertilizer or get rid of them without utilizing them. Moreover, when litter
fall from the multiple canopy layered trees are allowed to get accumu-
lated and composted within the homegarden, the soil fertility and
organic matter content are gradually increased while amplifying the
nutrient availability of the garden soil (Gajaseni and Gajaseni, 1999;
Soemarwoto, 1987). This recycling process improves the soil nutrient
availability which is there to be up-taken by the tree community of the
garden. According to Gajaseni and Gajaseni (1999), owing to the min-
imal export of harvested products from the homegardens, nutrient loss
from the system is considered moderately less. Thus, homegardens
possess the tendency to maintain an extensive production capacity with
the assistance of appropriate, timely human involvement.

5. Conclusions

Following the same trend of smallholder agriculture, which is
prominent in the Jaffna peninsula, a significant majority of the study
sample of homegardens was also recognized under small-scale opera-
tion. Although the study site was one of the areas with the least annual
rainfall, a substantial tree diversity was observed as indicated by species
richness, abundance, and SWI. However, the findings were comparable
to similar studies conducted in the Dry zone homegardens in different
sites in Sri Lanka. The most dominant perennial species were recorded as
C. nucifera, followed by M. indica, A. catechu, and A. heterophyllus, which
are distinctive species commonly found in Sri Lankan homegardens.
Homegardens which had livestock animals tend to utilize them as food
sources to diversify the household food basket, in addition to the
perennial originated plant based food items. Estimated AGB of the study
sample showed a significant variation owing to the diversity of home-
gardens ranging from urban, sub-urban to rural parts of the district.
Since the tree community was the primary contributor to AGB, SWI
showed a positive significant correlation with increasing AGB. Rearing
livestock animals within homegardens in Jaffna, has led those home-
gardens towards a poorly diversified ecosystem in terms of trees, yet
with a higher AGB stock compared to the ones which had no livestock. In
addition, time allocation in homegarden activities, technical knowledge
of agronomic practices, and non-timber utilization within the garden
also positively correlated with AGB. According to the suggested model,
by increasing the number of tree species and individual trees per ha and
proper usage of non-timber matter such as litter-fall, the AGB of dry zone
homegardens can be amplified. Further, it suggests that the efficient
guidance of the family labor force along with appropriate technical
knowledge is an important requirement in enhancing the AGB accu-
mulation in homegardens. Overall, the human interventions play a vital
role in mediating the functional diversity and endurance of homegarden
system amidst all naturally mediated environmental services it offers.
Moreover, the government should intervene within this progression to
come up with a sound mechanism to identify, categorize and monitor
different clusters of homegardens having various potentials and capac-
ities. Still, if a vital impact from homegardens are to be expected, a
rigorous extension service and following up is vital in the given context.
Thus, it is recommended to clearly identify the potential of human
involvement in making the contribution of homegardens strong and
sustainable to deliver the expected ecological services.
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