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Abstract

High diversity of species in agroforestry homegardens play main agro-ecological
roles in complex and sustainable land use systems. Efforts are being made in
valuing and protecting the age-old practices of agroforestry on scientific basis in
homegardens. This study attempted to analyse the scientific basis of households’
practices and to develop strategies for the promotion of sustainable agroforestry
homegardens in Matara district of Sri Lanka. Selected households were inter-
viewed measuring their concern using 5-point Likert scale, and analysed the
qualitative data using non-parametric statistics. The study revealed that
scientific basis of household practices in agroforestry homegardens are mod-
erate in selection of appropriate trees and plants, and management of trees
and plant health care. Households pay little concern on scientific basis in plan-
ning and site placement, land preparation and establishment of trees/crops,
and implementing proper cultural practices. There is no significant correla-
tion between scientific basis of practices in agroforestry in relation with size
of homegardens, educational level of households, and across the category of
their occupations. Resources to use scientific knowledge in practice, and op-
portunity to improve scientific skills have moderate correlation significantly
while availability of scientific information and access to scientific knowledge
have significant but low correlation as applying knowledge on scientific basis.
The interest to acquire scientific knowledge, and sufficient time to improve
scientific knowledge, and other reasons have no significant correlation with
scientific basis of household practices. Carefully planned interventions in-
cluding policy adjustments and effective extension programs for learning and
experimenting together with supportive programs would enhance scientific
basis of household practices for agroforestry in homegardens.
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Resources Use, Agroforestry Policy

1. Introduction

1.1. Agroforestry Homegardens

Agroforestry homegardens are unique land-use systems involving the deliberate
management of multipurpose trees and shrubs in intimate association with an-
nual, perennial, and seasonal agricultural crops, and perhaps livestock within the
compounds of individual homes. Agroforestry homegardens are emphasized as
in-situ germplasm conservation of native plant species which are deliberately
preserved (Baig et al., 2008). Agroforestry homegardens is a complex sustainable
land use system which provides environmental services, domestic needs, and
income generation opportunities to the household. The high diversity of species
produce food and a wide range of other products such as firewood, fodders,
spices, medicinal plants and ornamentals and play main agro-ecological roles of
the homegardens. Agroforestry homegardens provide income and livelihood
opportunities for resource-poor households while delivering number of ecosys-
tem services. Multi-strata agroforestry homegardens are sustainable and profita-
ble particularly in the tropical developing countries. Homegardens are an
integral part of local food systems in developing countries and enhance house-
hold food security and nutrition (Galhena et al.,, 2013). As woody perenni-
al-based mixed species production systems, agroforestry homegardens ensure
food diversity and contribute to food security during the lean seasons (Kumar &
Nair, 2004). Agroforestry practices in homegardens are very depending upon
site-specific factors based on the nature of components. The households often
establish agroforestry in homegardens basically using indigenous knowledge and
traditional practices reflecting long-term economic interferences, social interac-
tions, cultural norms and values, environmental experiences and ecological as-
sociations. They often use indigenous knowledge and traditional practices in
agroforestry homegardens to obtain some benefits from complimentary uses of

annuals and woody perennials.

1.2. Scientific Basis

The scientific basis of the design for landscape sustainability with broad range
local species is a complex phrase. The location-specific information on agrofore-
stry homegardens which are long time practices, have been little studied (Nair,
2001). The scientific basis of knowledge is held tentatively in public which is
subjected to change based on contrary evidence. A belief can be justified by
scientific evidence as a factual claim as the evidence is empirical, replicable, veri-
fiable and public (Boshoff, 2014). Scientific basis of practices of households
would have further enriched the agroforestry in traditional homegarden system.

Due to the inherent diverse strands of knowledge and practice, agroforestry is
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associated with complexity in development of scientific basis (Mbow et al,
2014). Agroforestry homegardens were therefore continued without enough in-
cursion of science from the pre-scientific agricultural days (Nair, 2001). Scien-
tists did not realize the importance and potential contribution, and improving
traditional systems to the framework of the development of agroforestry home-
gardens. Underlying scientific foundations of homegardens had not been fully
explored and not even considered as a part of development agendas (Nair, 1993).
The promotion of strategies to improve the scientific basis of practices of
households in agroforestry homegardens has become an emerging trend. Agro-
forestry has become a hotspot in scientific research because only few studies
have attempted to review agroforestry for scientific development over time and
by regions (Liu et al., 2019). The scientific basis for the rational use of plant re-
sources and other technical protection measures of agroforestry homegardens
have become a new field in the research area. The multicomponent, multipro-
duct nature of agroforestry homegardens requires the scientific basis for the
complex management and cropping technologies. Research attention should be
focused on understanding of agroforestry the multi-strata systems, and sharing
of growth resources by agroforestry particularly the diversity, complexity, and

value of homegardens, functionally and scientifically (Nair, 2001).

1.3. Agroforestry Transformation

A considerable progress in transferring the age-old agroforestry practices into a
scientific basis has been achieved during the recent decades. Scientific basis of
the body of knowledge and set of practices in agroforestry explore and guide
mixed agricultural systems at nested scales. The World Agroforestry Centre has
made significant efforts in developing scientific basis of agroforestry systems
during the past three decades (Rao et al., 2007). Agroforestry are being trans-
formed from a practice in search of science into a science-based practice as an
integrated applied science addressing some of the land-management and en-
vironmental problems (Nair, 2007). Scientists, especially ethno-botanists are
paying increasing attention for traditional agro-ecosystem in homegardens as
germplasm banks for many crops and other economic plants (Huai & Hamilton,
2009). The attributes of practices and other situational factors which facilitate
and impede the use of scientific basis in practices are less known. Existing usage
and consumption behaviours; perceived value; functional, physical, social, fi-
nancial and time risks; and psychological factors in background, attitude, belief,
lifestyles, and culture are considered as the basic barriers to the adoption of
scientific knowledge or practices. Long standing homegardens today are testing
grounds of many continuous generation, dissemination and adoption of innova-
tions and improvement of effective strategies.

Translation of practice for scientific basis could influence the adoption and
dissemination of innovations (Scott et al., 2008). Unless the households improve

the scientific basis of their practices, the potential benefits of agroforestry in
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homegardens may not be realized. Households are the initiators of transforma-
tive change of land use management practices integrated with agroforestry
within rural livelihood systems considering favourable biophysical conditions,
appropriate tree and crop germplasm (Mbow et al., 2014). The scientific basis of
agroforestry practices in homegardens has to be studied empirically in close in-
teractions with households. The traditional agroforestry practices of local
households form the basis for conducting rigorous research to address many en-
vironmental and social concerns (Brown et al., 2018). Even with an explosion of
research on the adoption of agroforestry innovations, agroforestry homegardens
requires an understanding of a perceived knowledge and practices of households
on advances in agroforestry science and their success of agroforestry in home-
gardens. Scientific basis of practices in terms of individual needs and individual
perceptions used to achieve those needs determine the adoption of new practices
(Thangata & Alavalapati, 2003).

1.4. Agroforestry Homegarden Promotions in Sri Lanka

The area of homegardens in Sri Lanka was estimated at 977,700 ha in 2005 al-
most 17% of total lands with the increasing in extent of 1% per year until 2020
(FAO, 2009). Establishment and expansion of homegardens has become a recent
governmental policy in Sri Lanka with the view of reducing living costs and im-
ports of food products, enhanced food security, maintenance of environmentally
friendly agroforestry through extension support, identification and creation of
market conditions (Chokkalingam & Vanniarachchy, 2011). The national de-
velopment policy framework of Sri Lanka has emphasized to expand and im-
prove food and timber productions promoting traditionally developed home-
garden agroforestry systems innovation and practicing in the village level. Many
national development programs mainly “Haritha (Green) Lanka”; “Api Wawa-
mu Rata Nagamu” (Let us grow, and uplift the nation); “Deyata Sevana” (the na-
tional tree planting programme); “Divi Neguma” (Livelihood Development) are
developing strategies for the promotion homegardens through scientific basis of
agroforestry. The “Hritha (Green) Lanka” program of 2009 has highlighted the
importance of promoting the homegardens through application of scientific ba-
sis of agroforestry practices (NCSD, 2009).

Although the modern scientific basis is relatively new, agroforestry in home-
gardens is an ancient practice with traditional knowledge in Sri Lanka for centu-
ries. Understanding the knowledge of local households on human-ecological re-
lationship in homegardens is necessary for the change in homegardens sustaina-
ble development (DeHaan et al., 2020). Scientific advancement in promotion of
practices is required for cognitive development of households for sustainable
development of agroforestry in homegardens (Jeyavanan et al., 2017). It is time
to begin to collect cross-sectional data on scientific basis agroforestry practices
in homegardens in Sri Lanka with the view of promotion of agroforestry home-

gardens through adoption of innovations. Hence the objectives of the study are:
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to examine households and agroforestry in homegardens; to ascertain the scien-
tific basis of the practices of households for agroforestry homegardens; to ana-
lyses the characteristics of households and homegardens affecting scientific basis
of households practices for agroforestry homegardens; and to develop strategies
for the improvement of scientific basis of household practices for agroforestry

homegardens.

2. Methodology

The case study was conducted interviewing 68 householders possessing home-
gardens selected from 3 GN (Grama Niladari) divisions in Matara district. Mul-
ti-species, multi-storied and multi-purpose vegetation situated close to the ho-
mestead were considered as agroforestry in homegardens in the study area. The
3 villages: Uninduwela in Malimboda, Panatiyana East in Welipitiya and Hik-
koda in Akuressa Divisional Secretariat divisions were selected for the study
through reconnaissance survey conducted with district and agricultural office
experts. The random selection of the households from each village was done
based on a list held by the agricultural extension officer. The primary data were
collected from selected 68 households by personal interviews conducted by the
researcher through the use of a structured questionnaire which was pre-tested to
check for clarity and improve reliability. The questionnaire contained both open
and closed form of questions. With the help of households, species composition
of homegarden were recorded. The scientific basis of household practices in
agroforestry homegardens and strategies for the promotion of scientific basis of
household practices for agroforestry homegardens were measured using the “I -
5” “5-Point Likert Scale”. Observations were made on the households and their
homegardens concerning the general condition of their agroforestry practices.
Data collected from the interviews were coded, analysed, interpreted and syn-
thesized. Statistical Package for the Social Sciences was used for the analyses of

data descriptively as well as statistically using non-parametric tests.

3. Size of Homegardens, Education and Occupations of
Households, and Agroforestry Composition

3.1. Size of Homegardens and Education of Households

Households practice agroforestry in homegardens as common and popular sus-
tainable land use systems in Sri Lanka in terms of economic, social, cultural and
environmental perspectives. Traditional agroforestry homegardens have com-
plicated structures, diverse floristic compositions, multiple functions, low input
including labour and money, and ecological and socioeconomic sustainability
(Huai & Hamilton, 2009). The scientific basis of practices of the agroforestry ho-
megardens is a function of the specific characteristics of the individual house-
holds. The size of homegardens in the study area is estimated as average 0.37 ha
(mean) and size of majority households 0.40 ha (median) (Table 1). The study

area belongs to the category of peri-urban area according to the administrative
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Table 1. Size of homegarden and education of households.

Mean Median Minima Maxima

0.92 Ac 1.00 Ac 0.25 Ac 3 Ac

Size of H d
1ze of Homegarden (0.37Ha)  (0.40Ha)  (0.10Ha)  (1.21 Ha)

Education of Households Grade 9 Grade 9 Grade 6 Grade 12

divisions in Sri Lanka. Hence the average size of homegardens in the study area
is high compared to urban areas but low compared to the rural areas. Homegar-
dens in Sri Lanka is categorized as a piece of land area between 0.05 and 2.5 ha
(mean 0.4 ha) no larger than 1 ha typically with some form of cultivation, which
has a dwelling house (Pushpakumara et al., 2012; DeHaan et al., 2020). Agrofo-
restry homegardens in tropical and subtropical regions are very often small sized
much less than one hectare land use systems particularly in the rural ecosystems
(Kumar & Tiwari, 2017). Average as well as the majority of the head of house-
holds have educational level of Grade 9 (Secondary Schools) with minimum
Grade 6 and maximum Grade 12 (Secondary Upper School). All the households
express their interest and have sufficient education to manage agroforestry in
their homegardens. The impressive Human Development Indicators of Sri Lan-
ka as a lower-middle-income country show that about 96% of its citizens have
completed primary school, while 87% have finished secondary school (Dundar
et al., 2017). Further, agriculture and agroforestry in school gardens and home-
gardens are common subject matters in the classroom teaching as well as in
practical classes. FAO together with the Ministry of Education in Sri Lanka have
conducted training workshops in 6000 schools in order to popularize school
gardens for child nutrition and life skills (FAO, 2017).

3.2. Households’ Occupations

The main occupations of the households are: 27% farmers; 20% family business,
17% private sector jobs and 17% government sector jobs while 20% households
have no proper occupation (Table 2). The households in the study area are in-
volving in non-farm occupations (73%) and possess home gardening on
part-time basis based on the availability of their leisure time. The head of the
households and the housewives are usually involving in home gardening. In
general, agroforestry in homegardens improve nutritional status and provide
additional income for the households occupied in low-paid employment (Ame-
nu, 2017). Even the households under the category of farming and no proper
occupation in the study do not have regular schedule for working in their ho-
megardens. Agroforestry homegardens involve no cost of labour as all the activi-
ties are operated by the family labour in the study area. Many studies have esti-
mated that agroforestry with different combination of crops and trees in home-
gardens in Sri Lanka requires only low costs for inputs also on a daily basis
(Mattsson et al., 2017).
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Table 2. Occupations of households.

Occupations Number Percentage
Farmers 18 27
Government Jobs 11 16
Private sector Jobs 11 17
Family business 14 20
No proper occupation 14 20
Total 68 100

3.3. Agroforestry Composition

Agroforestry homegardens in Sri Lanka are typically multi-strata systems and
characterized by a high density of multiple species that exhibit complex struc-
ture, both attributes and ecological services. Each household design and manage
homegardens that varies in size, creating diversity based on spatial configuration
and other factors including selection of species (DeHaan et al., 2020). The envi-
ronmental and socioeconomic factors determine the choice of species, species
composition among different homegardens (Nair, 1993). Uses of their practices
in homegardens have similar prospects for the management of agroforestry. An
interdisciplinary approach to land use from a set of integrated land use practices
propose the definition of agroforestry (Sinclair, 1999). However, only few studies
have been conducted on historical changes of species composition and dynam-
ism of homegardens in Sri Lanka (Pushpakumara et al., 2012). According to the
study, Ornamental plants (23.5%), fruit trees (20.7%) and vegetables (18.7%)
dominate the agroforestry composition of homegardens according the occupy-
ing land extents by each in the study area (Table 3). The primary emphasis of
homegardens as an integral part of local food systems in the study area, is the
cultivation of trees/crops. They give priority for growing food crops including
vegetable, leafy vegetables, root crops fruits and spices covering all together
55.8% of the land extent, mainly for household consumption and use. Among
the food crops, fruit crops occupy the substantial (20.7%) extent of land produc-
ing a main ingredient adding to the daily nutrient supplements of the household.
Homegardens in Sri Lanka with crop biodiversity and organized agroforestry
practices contributed significantly to micronutrient intake and dietary diversity
of the households (Thamilini et al., 2019). Some excess homegarden products
mainly fruits and vegetables in the study area are shared with other households,
their neighbours and relatives. Households give homegarden products to streng-
then neighbour and family relationship called social capital (Linger, 2014). Al-
though the agroforestry products produced in homegardens in the study area do
not presently improve the income generation or financial status of households,
there is a greater potential for contribution to income generation in addition to
the household food security. Homegardens dominated by fruit tree species pro-

vide significant higher financial status for the households (Park et al., 2019).
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Table 3. Agroforestry composition in homegardens.

A Number of C
Type of Crops/Trees Species verage Number of Crops/ % of Average Land Extent

Trees per Homegarden

Ornamentals 12 (18) 23.5
Vegetables 8 (12) 10.3
Leafy Vegetables 4 (6) 8.4
Root Crops 4 (6) 6.3
Fruits 10 (15) 20.7
Spices 6(9) 10.1
Timber Species 6(9) 11.6
Others 16 (24) 9.1
Total 66 (100) 100

*Percentages are in parentheses.

Orchard intercropping shade loving crop with early stage of fruit trees in agro-
forestry system is a viable option for successful crop diversification and increas-
ing the income (Ali et al., 2018).

The households give the priority for growing ornamental plants in order to
create beauty in their homegardens is a traditional and cultural practice. They
often relax under the shade in homegardens during the day times and also dur-
ing the leisure time with their family members. They grow some flowering trees
purposely because worship of Lord Buddha offering flowers is a common prac-
tice of the households. Households prefer ornamental plant displaying the beau-
ty of their homegardens, and provides attractive and aesthetic value indicating
their prestige (Ortiz-Sanchez et al., 2015). The households rate significantly high
and very important relations growing trees in homegardens for ornamental and
aesthetic purposes creating relaxing and fresh environment (Jeyavanan et al.,
2017). Timber tree species (11.6%) have been mainly grown in the fences sur-
rounding homegardens for the purposes of demarcation and protection of the
land, adaptation to the impacts of blowing winds as well as to produce timber for
domestic use. The high species density homegardens in Sri Lanka consists of
high accounted mean volume of producible trees (36.68 m’ per ha) and poles
(2.12 m’ per ha) (Jeyavanan et al., 2017).

4. Scientific Basis of Households, Practices

Agroforestry practices in homegardens are directly connected to multipurpose
uses and to satisfy household requirements. Agroforestry homegardens as a via-
ble land-use option in a multifunctional landscape offers a number of ecosystem
services and environmental benefits (Jose, 2009). Agroforestry practices are
common where trees are used in various productive niches within the homegar-
dens. To group the agroforestry that are similar, uses the practice rather than the

system as the unit of classification (Sinclair, 1999). Agroforestry homegardens
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involving practices with concern of a set of techniques developed by households

over the decades, based on their observations and experimentations. The prac-

tice of agro forestry in homegardens are age-old sustainable systems which has

been developed and nurtured by households through generations of innovations

and experiments (Amenu, 2017). The scientific basis of practices by households

for agroforestry in homegardens in the study area was examined in terms of:

planning and site placement; land preparation and establishment of crops/trees;

selection of appropriate trees and plants; implementing proper cultural practic-

es; and management of tree and plant health care (Table 4).

Table 4. Scientific basis of households’ concern on agroforestry management practices.

Household Practices
Planning and site placement
a. Access to the sun light
b. Direction of wind
c. Management of soil fertility and conservation
d. Supply of water
e. Convenience for management practices
Land preparation and establishment of crops/trees
a. Arrange water drainage system
b. Amend soil acidity
c. Prepare soil conservation structures
d. Alter light conditions
Selection of appropriate tree/plants
a. Know the requirements of a plant before selection

b. Growing right plant in right place

c. Selecting drought and disease resistant varieties/
cultivars

d. Selecting high quality planting materials
Implementing proper cultural practices

a. Moisture management

b. Planting techniques and maintenance

c. Frequency and timing of soil fertility management
Management of tree and plant health care

a. Management of pests

b. Protection of other beneficial organisms

c. Control of weeds

d. Prevention of diseases

Mean

(2.3)
2.3
2.5
2.6
1.8
2.2

(2.4)
2.5
2.0
2.5
2.4

(2.7)
3.2
2.0

2.7

3.5
(2.2)
2.1
2.1
2.6
(2.8)
2.8
1.2
2.6
2.9

Median St. Deviation

(3.0)
2.0
2.0
3.0
2.0
2.0

(2.3)
2.0
2.0
3.0
2.0

(3.0)
4.0
2.0

2.0

4.0
(2.0)
2.0
2.0
3.0
(3.0)
3.0
1.0
2.0
3.0

(0.97)
1.06
0.78
0.93
0.83
0.97

(0.56)
1.17
0.74
0.73
0.89

(0.59)
0.76
0.89

1.21

0.68
(0.66)
0.74
0.76
0.82
(0.94)
0.97
0.41
1.38
0.96

Likert Scale: Not concern—1; little concern—2; Moderate concern—3; highly concern—4

and fully concern—5.

>
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4.1. Planning and Site Placement

The mean value (2.3) implies that the households pay overall little concern on
scientific basis in planning and site placement of agroforestry in homegardens
(Figure 1). The households usually pay general concern about biodiversity con-
servation through planting crops and trees time to time which is one of the im-
portant strategy for ensuring diverse productions and ecosystem services in ho-
megardens. Agroforestry homegardens represent large fraction of the total land
area in human dominated landscapes have been proven to be an intermediary
for biodiversity conservation (Bardhan et al., 2012). The agroforestry practices in
time and space deal with distinct successional phases in long rotations in home-
gardens (Sinclair, 1999).

The mean values indicate that the households moderately concern scientific
basis on the direction of wind (2.5), and the level of soil fertility (2.6). They con-
sider the direction of blowing wind particularly in planting different type of pe-
rennial crop and timber trees in order to minimize wind damages to crops,
buildings and other properties in their homegardens. Sri Lanka Comprehensive
Disaster Management Program 2014-2018 (SLCDMP) has identified high
winds/cyclones as one of the major types of disasters closely associated with ex-
treme weather events in Sri Lanka (Climate Change Secretariat, Ministry of Ma-
haweli Development and Environment, 2016). The households have experience
about improvement of soil chemical and physical properties by multi-cropping
systems particularly with legumes of agroforestry in homegardens. A study
shows, the indigenous homegarden agroforestry systems use diverse tree species
involving intercropping and set of traditional techniques developed based on
observation and experimentation for centuries in order to promote soil proper-

ties (Pinho et al., 2012). They little concern about the scientific basis on access to

3
2.5 2.6
q 2.5 2.3 2.3 20
-
]
g 2 1.8
O
L:I’s 1.5
S
o 1
<
=
0.5
0
Planning and a. Access to the b. Direction of c. Management d. Supply of e. Convenience
site placement sun light wind of soil fertility water for management
and practices
conservation
Practices

Figure 1. Planning and site placement.
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the sun light (2.3); convenience for management practices (2.2); and the supply
of water (1.8). Higher level of shade inside the homegardens are common with
richness of ornamental tree species in agroforestry systems in the study area be-
long to the wet zone in Sri Lanka. However, the households grow tress in home-
gardens with the intension of maintaining lower temperature compared to out-
side of the homegardens by increasing shade level, with their long term expe-
riences (Jeyavanan et al., 2017). Although the scientific basis is little concerned
by the households in convenience for management practices, and water man-
agement practices in agroforestry homegardens, the ornamental, and fruit plants
are located close to the homestead to make the homegardens more attractive and
facilitate their easy care. Family labour requirement for work in homegardens
are weeding, and carrying water from the wells and frequent watering mainly the
ornament plants, vegetable and other agricultural crops. About how beneficial
different plants and how much water they consume is a gap of scientific basis in

area of water management practices in homegardens (Mattsson et al., 2017).

4.2. Land Preparation and Establishment of Crops/Trees

The households have overall little concern (2.4) on scientific basis in land prep-
aration and establishment of crops/trees in homegardens (Figure 2). The
households prepare lands as a usual practice and establish crops and trees based
on the availability of preferred and reliable planting materials from the govern-
ment programs and their neighbours. Trees and associated crops may outcom-

pete for nutrients, growing space, and light and soil moisture and may reduce

3
2.5 2.5
2.5 2.4 2.4
o 2
g 2
]
g
o
O
o L5
5
G
>
g
§ 1
=
0.5
0
Site preparation and  a. Arrange water b. Amend soil c. Prepare soil d. Alter light
establishment of ~ drainage system acidity conservation conditions
crops / trees structures
Practices
Figure 2. Land preparation and establishment of crops/trees.
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the yields without much notice for the households. Agroforestry has less scope
for vertical root complementarity but mixed and superficial tree root architec-
tures are common to recharge water and absorb available nutrients (Ong &
Swallow, 2004).

They moderately concern the scientific basis on arrangement of water drai-
nage system (2.5) and prepare soil conservation structures (2.5). The households
who have recognized soil erosion problems in their homegardens are less likely
to understand the scientific knowledge of soil conservation technologies in
agroforestry. They have experiences that agroforestry homegardens play an im-
portant role in the conservation of biodiversity. Agroforestry practices with mul-
tipurpose trees and multilayer trees are the major specific approaches for soil
conservation hedges in homegardens, which are common in Sri Lanka. These
practices are based on the long term experiences of the households. Households
may in some occasions destruct plant diversity in homegardens due to lack of
scientific knowledge resulting soil erosion during high rainfall, and food inse-
curity during drought period (Linger, 2014). However, a study in Sri Lanka has
revealed that the households perform conservation practices significantly regu-
lating and enhancing soil, nutrient, water and biodiversity in homegardens
(Jeyavanan et al., 2017). The households pay little concern the scientific basis
about amending soil acidity (2.0) and altering light conditions (2.4) in home-
gardens. The households are aware of soil acidity but not experiencing any im-
pact on the vegetation in homegardens. Homegardens preserve some chemical
properties of soil similar to the secondary forest in nutrient cycling and soil fer-
tility which is also explained by soil acidity (Thiago et al., 2016). They are know-
ledgeable but pay only little concern about intensity of sunlight and shadiest
spots in their homegarden before establishment of crops and trees. They have
limited possibility to change the shade and light conditions due to less organized
agroforestry systems in homegardens. The impact of solar radiation on growth
of plants not only depend on the competition and complementarity between
trees and understory agricultural crops but also the species, space, and soil fac-
tors (Rao et al., 2007).

4.3. Selection of Appropriate Trees and Plants

Scientific basis of the selection of appropriate trees and plants in overall are
moderately concern (2.7) by the households in agroforestry homegardens (Figure
3).

Majority of the households have the concern of scientific basis on the right
tree species that can be used to integrate properly in their homegardens. House-
holds deliberately manage multipurpose trees and shrubs in intimate association
with herbaceous species in their homegardens as a successful traditional land use
practice (Kumar & Tiwari, 2017). Ecologically adapted and complementary spe-
cies are generally featured in homegardens with low capital inputs and simple

agroforestry technology. Variety of components and species of the agroforestry
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Figure 3. Selection of appropriate trees/plants.

systems represent social and traditional aspects (Galhena et al., 2013). The
households are highly concern about the scientific basis in selecting quality of
planting materials (3.5). They are knowledgeable and have experienced on the
methods of successful propagation, selection appropriate planting material and
utilization of healthy planting materials of most of the plants they usually grow
in homegardens. As a new trend, they purchase few ready to plant potted quality
planting materials for fruits and ornamental plants from the nearby commercial
nurseries. The households are moderately concern scientific basis about re-
quirements of a plant before selection (3.2) and selecting drought and disease re-
sistant varieties or cultivars (2.7). Usually, agroforestry in homegardens in Sri
Lanka have infinite number of arrangements and species combinations that de-
pend on objectives of households and the environmental characteristics and
ecological distribution. The households select species for homegardens targeting
their nutrient supplement and harvest various food products daily depending on
seasonal variations (Yapa, 2018). Presence of multi-layered agroforestry home-
gardens in the study area facilitates efficient use of resource and ecological func-
tions, provides habitat to soil micro-organisms and promote a favourable micro-
climate for the households. Households deliberately plant mixture of vegetation
in homegardens with a complex structure and design to produce products for
the domestic purpose or market requirement (Kabir & Webb, 2009). The
households are often experiencing prolong droughts and rainy periods from re-
cent past as a result of the climate change impacts. They pay especial concern on
selecting drought and disease resistant plants in order to minimize the difficul-

ties associate with watering and management of healthy vegetation in homegar-
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dens. The households increase resilience of both agroforestry systems in home-
gardens and their management capacity as adaptation strategy for climate
change impacts (Gifawesen et al., 2020). The households pay little concern
scientific basis in growing right plant in right place (2.0). Almost all the home-
gardens in the area are not properly organized agroforestry systems. They often
change plant composition of the agroforestry systems through gap-filling strate-
gy using available planting materials or finding space for a favourite species se-
lected on personal interest. Many national programs promoting homegarden
development have mixed outcomes due to insufficient involvement of house-
holds because the species provided have not always matched with their needs

and knowledge capacities (Mattsson et al., 2017).

4.4. Implementing Proper Cultural Practices

The households are little concern about the scientific basis of the overall imple-
mentation of proper cultural practices (2.2) due to complex combination of crop
biodiversity (Figure 4). The agroforestry systems in homegardens are not prop-
erly organized and their cultural practices are often conducted on ad hoc basis.
The scientific basis of households’ practices on agroforestry competition for re-
sources remains imperfect due to the complex nature of the interactions and dif-
ficulties associated with quantification (Rao et al., 2007). They moderately con-
cern scientific basis about the frequency and timing of soil fertility management
(2.6). Although the agroforestry is an attractive and sustainable pathway to im-
prove soil fertility, without adequately fertilizing or fallowing the land while nu-

trient mining from continuous harvesting in agroforestry homegardens is the

2.6

Implementing Proper a. Moisture b. Planting techniques  c¢. Frequency and
cultural practices management and maintenance  timing of soil fertility
management
Practices

Figure 4. Implement proper cultural practices.
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main constraint to increase in productivity. They apply mainly composted
pruned branches of tress and domestic wastes mainly for plants that shows ur-
gent fertilizer requirement. Resource acquisition at differential rates by the do-
minant component is a major cause of production decrease in competing mix-
tures (Kumar, 2006). Intentionally growing Gliricidia trees (Gliricidia macula-
ta—syn G. sepium) along the fences and different leguminous crops including
Kathuru Murunga (Sesbania grandiflora), Winged bean (Psophocarpus tetrago-
nolobus) etc., together with other crops and tress are common concern the fer-
tility in the homegardens of the study area. They are well aware that high levels of
on-site nutrient conservation in agroforestry homegardens generally create stable
and partially self-generating ecosystem through mixture effects by improving the
soil fertility. Indigenous knowledge systems of agroforestry in homegarden show
that the households are knowledgeable about natural regeneration of productiv-
ity of land greater under native legume species than under non-legumes (Pinho
et al., 2012).

The households little concern about the planting techniques and maintenance
(2.1); and moisture management (2.1) during the performing of main cultural
practices. Planting of different crops and tress in agroforestry system is a com-
mon practice in Sri Lanka to rehabilitate the degraded lands in homegardens
experiencing soil erosion, soil fertility degradation as well as soil water conserva-
tion. Contribution of biodiversity conservation to soil fertility improvement and
soil enrichment are considered by households as ecosystem services and envi-
ronmental benefits through their long term experience. Agroforestry is an im-
portant option to rehabilitate soil fertility degraded lands in homegardens due to
long term soil erosion (Mattsson et al., 2013). The land use system of homegar-
den agroforestry in tropical countries evolved over centuries in responding to
changing rural livelihood conditions and ecological adaptive system (Kumar &
Tiwari, 2017).

4.5. Management of Trees/Plant Health Care

The overall households are moderately concern about scientific basis of the
management of tree and plant health care (2.8) (Figure 5). The less input inten-
sive agroforestry homegardens with woody perennial based mixtures are less
productive and difficult to manage. However, with the time permits, most of the
households are involving in different management practices and healthcare ac-
tivities in their homegardens. The households determine the composition and
density of the constituent species in agroforestry systems in homegardens in or-
der to manage the biodiversity and healthy environment (Paembonan et al,
2018). They pay moderate concern on scientific basis about the prevention of the
diseases (2.9); management of pests (2.8); and control of weeds (2.6). Intercrop-
ping with nitrogen fixing trees and crops, mulching to preserve soil moisture
and control weeds as well as maintain compost pit for household wastes are com-

mon practices in homegardens. The households are able to manage the incidence
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Figure 5. Management of trees/plant health care.

of pests and diseases even though they utilize lands of the homegardens for un-
planned agroforestry practices. They remove damaged crops and vegetative parts
of trees as well as change spatial arrangements of the agroforestry systems in
homegardens to reduce spread of pest and disease. Agroforestry practices, de-
spite the limited incidents, are effective in pest, disease and weed management
(Pumarifio et al., 2015). The studies have been rarely conducted even on the role
of agroforestry systems in moderating the pest and disease incidence and allo-
pathic influences which are very useful knowledge to be used in practice (Rao et
al., 2007). Lack of such scientific knowledge of ecosystem resilience of agrofore-
stry in homegarden may lead to destruction of plant diversity in practice (Linger,
2014).

Protection of other beneficial organisms is received no concern on scientific
basis (1.2) by the households. The households are little knowledgeable about the
role of agroforestry in homegardens for optimizing nutrient cycles and impacts
on improving chemical and physical properties of soil. With the association of
other organisms, diversity of plants in the homegarden to some extent contri-
bute to the formation and maintenance of soil structure, retention of moisture
and nutrient levels and promotes the recycling of nutrients (Verchot et al.,
2007). Adding organic matter to the soil system and root exudates in the rhi-
zosphere, and vast range of organisms in agroforestry involve in soil biological
activity and interactions effects for soil nutrients and fertility (Bertin et al.,
2003).
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5. Relationship between Scientific Basis of Households
Practices, and Size of Homegardens, Educational Level
and Categories of Occupation

5.1. Size of Homegardens and Scientific Basis of Practices

The “Pearson correlation coefficient, 7 indicates that there is no significant cor-
relation between the size of homegardens and scientific basis of agroforestry
practices of households (r = 0.055, and p = 0.656) (Table 5). Size of the land of
the homegarden is not an important concern for the scientific basis of practices
of households for agroforestry. All the households have main intension to main-
tain beautiful homegardens through experiences without considering the size of
the lands. The investment in the homegarden is not seen as a necessity and the
return to labour is relatively low. According to Mattsson et al. (2017) a required
closeness and intensity built into the land-use system of homegardens to be
highly productive while it tends to get weaker with growing size.

The “Pearson correlation coefficient, r ”indicates that there is no significant
correlation between the educational level of households and scientific basis of
agroforestry practices (r = 0.123, and p = 0.316) of the households in the study
area. Even though the human capital is improved with better education, the
households concern scientific basis of agroforestry practices differently based on
their level of education. It is argued that the level of education of households
have positive and significant relationship in adopting agroforestry innovations
as early adopters (Nkamleu & Manyong, 2005). The education level of the
household is irrelevant as they share the knowledge and experiences with their
neighbours on agroforestry practices in homegardens. All the households inter-
viewed have not been motivated positively according to the level of their educa-
tion to use the scientific basis of agroforestry in homegardens practices. They
often use their knowledge and experiences as well as exchange of information
with their neighbours. The households develop knowledge through planting
materials exchange systems among kin and neighbours without significant in-
fluence of formal education (Whitney et al., 2018).

5.2. Scientific Basis of Practices and Households’ Occupation

“Kruskal-Wallis Test” indicates that there is no significant difference in scientific

Table 5. Correlations between size of homegardens, educational level of household and
scientific basis of practices.

Mean Value Co:feelziisc()):—r Sig. (2-tailed) N
Size of Homegardens 0.37
Scientific basis of practices 2.20 0.055 0.656 68
Educational Level of household 9.0
Scientific basis of practices 2.20 0.123 0.316 68

*Pearson correlation coefficient.
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basis of practices (x* = 3.668, p = 0.453) of the households on agroforestry ho-
megardens across the category of their occupations (Table 6). The distribution
of scientific basis of practices of the households on agroforestry homegardens
have no significant difference across the category of their occupations as far-
mers, government jobs, private sector jobs, family business, and no proper oc-
cupation. They feel like common households despite their occupation while in-
volving in homegarden activities often together with their family members.
Households are dedicated and interested in performing various tasks in their
homegardens utilizing available spare time while concentrating on other activi-
ties that required attention (Ortiz-Sanchez et al., 2015). The level of involvement
of the households in agroforestry homegardens in the study area make no dif-
ference across the category of their occupations. For the adoption and diffusion
process of scientific agroforestry proceeds among farming communities, occu-
pation of the households is not a significant factor in home gardening. Many
studies have proved that the socioeconomic features of the households can in-
fluence on tree selection, management and species diversity of homegardens.
The structure and management of a homegarden varies from place to place and
generally has a functional relationship with its occupants related to economic,

biophysical and social aspects (Wekumbura et al., 2017).

6. Improvement of Scientific Basis of Household Practices in
Agroforestry Homegardens

The analysis of the conditions required for improvement of the scientific basis of
household practices in agroforestry homegardens in the study area were consi-
dered as: availability of scientific information; access to scientific knowledge; in-
terest to acquire scientific knowledge; opportunity to improve scientific skills;
sufficient time to improve scientific knowledge and skills; resources to use scien-
tific knowledge in practice; and other requirements (Table 7 and Figure 6).
Closing the gap between scientific basis of available knowledge and household
practices is important for efficient dissemination of potential innovations (Scott
et al., 2008). Knowledge, persuasion, decision, implementation, and confirma-
tion is the five-step time-ordered sequence of an innovation-decision process

required to reach an adoption of innovation by the beneficiaries (Rogers, 2003).

Table 6. Distribution of scientific basis of practices of households across the category of
occupation.

Test-Statistics*®

Degree Asymp. Sig.

N Chi- 2
fsquare () rptdom  (2-sided test)

Distribution of scientific
basis of practices across the 68 3.668 4 0.453
category of occupation

*Kruskal-Wallis Test H; "Grouping Variable: Occupation.
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Table 7. Improve scientific basis of agroforestry practices.

Households Concerns Mean Median St. Dev. *r Sig.
Availability of scientific information 2.38 2.0 0.55 0.282  0.020%*
Access to scientific knowledge 3.96 4.0 1.31 0.244  0.045%*

Interest to acquire scientific knowledge 2.47 2.0 0.72 0.115  0.349
Opportunity to improve scientific skills ~ 2.63 3.0 0.60 0.343  0.004**

Sufficient time to improve scientific

1.94 2.0 1.06 0.164 0.183
knowledge

Resources to use scientific knowledge in

. 4.04 5.0 1.27 0.362  0.002**
practice

Other requirement 1.69 2.0 0.47 0.022 0.861

Likert Scale: Not concern—1; little concern—2; Moderate concern—3; highly concern—4;
and fully concern—>5; *r—Pearson Correlation Coefficient; **Correlation is significant at
the 0.05 level (2-tailed).
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Figure 6. Improvement of scientific basis.

6.1. Resources to Use Scientific Knowledge and Opportunity to
Improve Scientific Skills

The values of Pearson Correlation Coefficient “r” indicate that the concerning
resources to use scientific knowledge in practice (r = 0.362, p = 0.002), and op-
portunity to improve scientific skills (r = 0.343, p = 0.004) have moderately sig-
nificant correlation for the improvement of practices based on scientific basis in
agroforestry homegardens by the households. Resource endowments of the
households determine the scientific basis of agroforestry practices in homegar-
dens. Households are not empowered through provision of agricultural inputs

such as agricultural credit, subsidy fertilizers etc., as given to agriculture sector
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to improve the production quantities of homegardens in the study area. Suffi-
cient amount of seeds and seedlings in preferred species are not been distributed
to meet the needs of households to improve their agroforestry homegardens.
Lack of planting materials in preferred species is an often limitation for the
adoption of innovation in agroforestry practices (Kwesiga et al., 2003). Estab-
lishment of input supply networks and provision of required material would al-
low the households to maintain agroforestry in homegardens that are resilient to
their changing economic, social and environmental conditions (Whitney et al.,
2018).

There is no proper extension and training program, and other facilities availa-
ble for the households to improve their scientific skills for the promotion of
agroforestry homegardens in the study area. Extension and training are far more
significant and obviously important factors of adoption of agroforestry technol-
ogy (Pattanayak et al., 2003). Extension contacts are of paramount importance in
changing the mind set and developing favorable attitude of households towards
scientific basis of agroforestry practices (Matata et al., 2010). Provision of exten-
sion services, knowledge skills, training and incentives on homegardens man-
agement, could be used to improve agroforestry systems and enhance the ho-
megardens productivity by the households. Education and extension programs,
financial incentives, and creation of markets for agroforestry products make in-
centives to take up scientific basis of agroforestry practices (Brown et al., 2018).
Sri Lanka has no government policy to support implementation of strategies and
enhance adoption of scientific basis of homegardens. Even the existing agrofore-
stry policies do not pay sufficient incentive for adaptive research in order to pro-
vide for adequate promotion of scientific basis for agroforestry practices in ho-
megardens. Extension agencies do not pay sufficient attention for agroforestry as
a land use option due to lack of policy support (Kumar, 2006). Policy instru-
ments which promote many traditional agroforestry systems in many Asian
countries are either lacking or inadequate (Kumar & Nair, 2004). The level of
delivery of extension services as well as incentives which tied management of the
trees at different stages are improved by research and extension projects from

development partners promoting agroforestry practices (Phiri et al., 2004).

6.2. Availability of Scientific Information and Access to Scientific
Knowledge

Availability of scientific information (r = 0.282, p = 0.020) and access to scientif-
ic knowledge (r = 0.244, p = 0.045) have significant but low correlation as ap-
plying knowledge on scientific basis of agroforestry in homegardens by the
households. Development projects concentrate on homegardens in Sri Lanka
make very little scientific effort due to lack research findings and updated know-
ledge to increase the productivity of the agroforestry systems. The low levels of
awareness of scientific basis of certain agroforestry practices attribute to the low

levels of adoptions by the households in the study area. They make little effort to
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search for scientific information and looking for potential sources of informa-
tion to promote agroforestry in homegardens. They often change the agrofore-
stry composition and management practice using their long-term experiences or
advises from the neighbours to face particularly the environmental and ecologi-
cal hazards. The households require scientific information to maintain ecosys-
tem resilience of agroforestry homegardens and to meet their requirements dur-
ing stress of climatic hazard like drought and flood (Linger, 2014). Lack of ex-
tension service to disseminate technical know-how specially designed for agro-
forestry in homegardens create poor access to scientific knowledge for house-
holds and constraint them to attain to scientific practices in their homegardens.
Scientific information induce the adoption and diffusion of technological inno-
vation across a population (Sarkar, 2002). Although the well-established exten-
sion services is available for the promotion of agriculture in Sri Lanka, they are
not competent in disseminating scientific knowledge and information effectively
in promoting agroforestry in homegardens in the study area. An adequate ex-
tension service and improved working environment of extension staff to en-
hance the technology transfer to the households effectively is a mile stone for the
homegardens improvement (Maroyi, 2009).

However, according to the households, the information about many tradi-
tional agroforestry land-use practices in homegardens are either not available, or
the available information is rarely complete. They often use a blend of tradition-
al knowledge and some scientific knowledge developed through long-term trails
and errors using experiences. Indigenous knowledge on agroforestry homegar-
dens need to be transformed by scientific knowledge through both on-station
and on-farm research to scaling-up to sustainable production systems (Mehari &
Abera, 2019). Research endeavours in agroforestry developed along strict discip-
linary lines often neglect the traditional land use practices in agroforestry ho-
megardens (Nair & Kumar, 2006). There is no properly organized institutional
initiative in Sri Lanka to promote homegardens despite some researcher-motivated
individual efforts. Adopting a practice of agroforestry systems are based on re-
searcher-led and participatory on-farm research methods (Franzel & Scherr,
2002).

6.3. Interest to Acquire Scientific Knowledge, Sufficient Time to
Improve Scientific Knowledge and Other Reasons

Interest to acquire scientific knowledge (r = 0.115, p = 0.349), and sufficient time
to improve scientific knowledge (r = 0.164, p = 0.183), and other reasons (r =
0.022, p = 0.861) have no significant correlation with practices agroforestry in
homegardens on scientific basis by the households. A study conducted in Sri
Lanka has revealed that the households are not interested to develop their ho-
megardens even under the strong encouragement and persuasion by the local
government program (Bandara, 2015). Unless there is an organized program,

the households in the study area have no special interest to acquire scientific
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knowledge making special effort and intentionally develop the scientific basis of
agroforestry systems in their homegardens. However, planned behaviour reflects
the level of motivation a person is willing to exert to perform the behaviour (Aj-
zen, 1991). Since the households do home gardening on personal interest during
their leisure time, they are not willing to be organized to promote scientific basis
of the agroforestry systems. Strategic interactions among households rather than
differences in household characteristics determine why individual households
take time to switch between old and new technologies (Sarkar, 2002).

An opportunity to develop a household society has not yet been emerged in
the study area for sharing and expansion of the scientific basis of their know-
ledge and skills for the management of flowers, shrubs, herbs, vegetables in their
homegardens. Social relations among gardeners influence exchange of know-
ledge and plant material among the members of the society and the species di-
versity and plant richness in their homegardens (Diaz-Reviriego et al., 2016).
The households do not find any relationship between the time availability and
the acquiring of scientific basis for their agroforestry practices in the homegar-
den. They often spend their leisure time in the homegardens as a meeting place
of the family members, enjoying aesthetic values and relaxing in fresh environ-
ment, sharing pleasure with family for harvested fresh crops, fruits and vegeta-
bles from the homegardens. However, they do not disagree that they would find
time to read any printed materials or watch media program disseminating scien-
tific knowledge on home gardening. The high publicity given to the Divinaguma
Homegarden Programme in Sri Lanka has created huge initial impression and
stimulated large number of households to promote home gardening (Jayampathi
et al., 2015). Awareness creation is a promising strategy to encourage the house-
holds to scale-up homegardens with appropriate components (Mehari & Abera,
2019).

7. Conclusion and Policy Implications

7.1. Conclusion

The relatively small homegardens in the study area are managed by the house-
holds headed by the majority of with upper secondary education and involving
in non-farming occupations. The extents covering agroforestry components are
dominated by ornamental plants, fruit trees and vegetables respectively. The
households moderately concern scientific basis on requirement of plants, and
drought and disease resistant varieties/cultivars while little concern on growing
right plant in right place, and selecting appropriate trees and plants. They mod-
erately concern scientific basis on prevention of diseases, management of pests
and control of weeds but not concern the protection of beneficial organisms.
They moderately concern the scientific basis in management of soil fertility and
conservation as well as the direction of wind while little concern on access to the
sun light, convenience for management practices, and the supply of water. Ar-

ranging water drainage system and preparing soil conservation structures is
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moderately concern while altering light conditions and amending soil acidity are
little concerned on scientific basis by the households. Implementing proper cul-
tural practices particularly the moisture management and planting techniques
and maintenance are little concerned but the frequency and timing of soil fertil-
ity management is moderately concerned on scientific basis by the households.
The size of homegardens, educational level of households, and across the cate-
gory of their occupations has no correlation with scientific basis of their agrofo-
restry practices. Improvement of scientific information, dissemination of scien-
tific knowledge and development of scientific skills are important strategies to

promote scientific basis of household practices for agroforestry homegardens.

7.2. Policy Implications

Carefully planned interventions including comprehensive participatory research,
policy adjustments and effective extension programs for learning and experi-
menting couple with resources to use scientific knowledge in practice, opportu-
nity to improve scientific skills, availability of scientific information, and access
to scientific knowledge would enhance scientific basis of household practices for

agroforestry in homegardens.
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