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Abstract.

Residential home gardens are important components of urban green spaces that
contribute to biodiversity conservation, food security, and public health. This study
examined the effects of an Urban Home Gardening Program on home garden
structure and plant diversity in Malang City, Indonesia. A total of 95 households
were surveyed, comprising participants in the government program (JGP) and non-
participants (NJGP). Data on home garden typology, plant composition, abundance,
and plant diversity were analyzed using descriptive statistics, chi-square tests, and
independent-samples t-tests. Three home garden types were identified: ground,
mixed, and vertical/rooftop. Mixed gardens predominated among JGP households
(48%), whereas ground gardens were more common in NJGP households (56%).
Ornamental plants were the dominant plant group, followed by vegetables, fruits,
medicinal plants, tubers, and staple food crops. JGP households maintained
significantly higher plant diversity (13 vs. 8.4 varieties; p < 0.05) and a greater
proportion of medicinal plants (59% vs. 32%; p = 0.013) than NJGP households.
These findings indicate that the Urban Home Gardening Program primarily
enhances plant diversity and promotes multifunctional home gardens rather than
simply increasing plant abundance. The program therefore has considerable
potential to strengthen urban biodiversity conservation, household food security,
and the sustainable use of medicinal plants.
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I INTRODUCTION

Rapid urbanization in various developing countries has led to increasing pressure on green open
spaces and urban ecosystems. Land conversion for housing, infrastructure, and economic activities
has resulted in the loss of natural habitats and a decline in biodiversity in urban areas [1]. On the other
hand, urban green spaces are increasingly recognized as playing a vital role in maintaining
environmental quality, mitigating the impacts of climate change, and providing various ecosystem
services to urban communities [2]. Therefore, efforts to preserve and enhance vegetation in urban
environments have become a key strategy in supporting sustainable and environmentally conscious
urban development [3].

Home gardens are a form of small-scale green space that plays a vital role in preserving
biodiversity in urban areas. Various studies have shown that home gardens can serve as habitats for a
wide variety of food crops, fruit trees, medicinal plants, and ornamental plants, thereby acting as
reservoirs of biodiversity within an increasingly fragmented urban landscape [4]. In addition to
increasing vegetation diversity, home gardens also support the provision of various ecosystem
services, such as the conservation of plant genetic resources, microclimate regulation, improved
environmental quality, and the provision of habitats for other organisms in urban environments [5].
Therefore, the sustainable management and use of home gardens are increasingly viewed as an
effective strategy to support biodiversity conservation while enhancing the resilience of socio-
ecological systems in urban areas [6].

In the city of Malang, population growth and urban development have given rise to various
environmental problems, such as a reduction in green open spaces, an increase in household waste,
and the occurrence of waterlogging and flooding in several areas of the city [7]. To address these
issues, the Malang City Government has launched a community-based greening initiative through the
Malang Ijo Royo-Royo (MIRR) program, supported by various training sessions, mentoring, and
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environmental competitions at the community level [8]. One of the programs that emerged from this
movement is Kampung Bersinar (Clean, Healthy, Beautiful, and Tidy), which encourages
communities to improve the quality of their residential environments through spatial management,
greening, and the utilization of home gardens. In implementing the program, the government
evaluates aspects of environmental management—including plant diversity and the arrangement of
green spaces—and awards recognition to communities that demonstrate the best performance [8].
This program has the potential to influence the characteristics of community-managed home gardens,
including the composition and structure of the vegetation within them.

Although various studies have demonstrated the importance of home gardens in supporting
urban biodiversity conservation and the provision of ecosystem services [4—6], information regarding
the effectiveness of community-based greening programs on the characteristics of garden vegetation
remains relatively limited. Most urban environmental programs are more often evaluated based on
community participation, environmental cleanliness, or the aesthetics of the area, while changes in
plant diversity and the structure of home gardens have not been extensively studied quantitatively [8].
Furthermore, studies that specifically compare the characteristics of home garden between households
participating in government programs and those not participating in such programs are still rarely
reported. Yet this information is crucial for assessing the extent to which government interventions
can promote increased biodiversity at the household level as part of sustainable urban development.

Based on the above description, this study aims to analyze the effect of participation in the the
government greening program on plant diversity and the structure of home gardens in Malang City.
The analysis was conducted by comparing the number of plant species, the composition of plant
groups, and the patterns of home garden space utilization between households participating in the
government program (Join Government Program/JGP) and non-participating households (Not Join
Government Program/NJGP). The results of this study are expected to serve as a basis for developing
more effective urban greening strategies to support biodiversity conservation at the household level.

1. METHODS

Research Location

The study was conducted in Malang City, East Java Province, Indonesia (Figure 1).
Geographically, Malang City is located at 112°06'-112°07' E and 7°06'-8°02" S [9]. Malang is one of
the largest cities in East Java Province, experiencing relatively high rates of urban development and
population growth, which has led to various environmental challenges, such as a reduction in green
open spaces, an increase in household waste volume, and changes in land use [7], [9].
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Fig. 1. Map of the study location in Malang City.

Sampling was conducted in five subdistricts in Malang City, namely Klojen, Blimbing,
Lowokwaru, Kedungkandang, and Sukun. Respondents were grouped into two categories: households
participating in the the government greening program (Join Government Program/JGP) and
households not participating in the program (Not Join Government Program/NJGP). These research
locations were selected because they are areas where community-based greening and environmental
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management programs developed by the Malang City Government are being implemented, including
the Kampung Bersinar program, which encourages the use of home gardens as household-scale green
spaces [8]. Group identification was conducted through field surveys and initial interviews with
homeowners regarding their involvement in environmental greening programs organized by the
Malang City Government, including outreach activities, training, mentoring, and community-based
environmental competitions. Households that had previously participated in or been involved with
these programs were categorized as JGP, while households that had never participated were
categorized as NJGP. The distribution of sampling locations in each subdistrict is presented in Figure
2. The distribution of samples across various areas of the city is expected to provide a more
comprehensive picture of the characteristics of home gardens and the diversity of plants managed by
the residents of Malang City.

Fig. 2. Distribution of study locations (participants in the government program (Join Government
Program/JGP) and non-participants (Not Join Government Program/NJGP)).
Research Design and Sampling

This study employed a survey approach using field observation and vegetation inventory
methods in residential home gardens in Malang City. Data collection was conducted in five
subdistricts: Klojen, Blimbing, Lowokwaru, Kedungkandang, and Sukun. The study focused on
comparing the characteristics of plant diversity and home garden structure between households
participating in the the government greening program (Join Government Program/JGP) and those not
participating in the program (Not Join Government Program/NJGP).

The sample was selected using convenience sampling from households that had home gardens
and were willing to participate in the study. Based on the results of the field survey, a total of 95
households were found to meet the study criteria, consisting of 61 JGP households and 34 NJGP
households. Respondents were classified through an initial interview regarding their participation in
greening programs organized by the Malang City Government, including outreach activities, training,
mentoring, and community-based environmental competitions. Households that had participated in
these activities were categorized as JGP, while those that had never participated were categorized as
NJGP.

Eligible households were those that had a home garden or planting area around their residence,
whether at ground level or in other forms of space utilization, such as vertical systems, hanging
systems, and rooftops. Each household was observed as a single sample unit to collect data on the
number of plant species, the number of individual plants, plant groups, and the structure of the
managed home garden.

Research Methodology

Data collection was conducted through direct observation and vegetation inventory using a pre-
designed floristic survey form. In each household, all plants found in the home garden were recorded
by species and number of individuals. The plants were then grouped into several functional
categories: medicinal plants, tubers, food crops, fruit trees, vegetables, and ornamental plants. For
each category, the number of varieties and the total number of plants were recorded.
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In addition to cataloging plant species, the structure of the home garden was documented based
on the location of the plants. Home garden structures are classified into five categories: ground level,
vertical, fences, hanging, and rooftops. If more than one planting system is found in a single home
garden, that home garden is categorized as a mixed type. All data from the floristic survey were
compiled to obtain information on the number of plant species, the number of plant individuals, the
composition of plant groups, and the structure of the home gardens in each household. This data was
then used to compare the characteristics of the home gardens between households participating in the
government program (Join Government Program/JGP) and those not participating in the program (Not
Join Government Program/NJGP).

Data Analysis

Data obtained from the floristic survey were analyzed using descriptive and inferential
statistics. Descriptive statistics were used to describe the characteristics of home gardens, including
the number of plant species, the number of plant individuals, the composition of plant groups, and the
structure of the gardens. The results of the descriptive analysis are presented in the form of mean
values, percentages, tables, and graphs.

Differences in home garden characteristics between households participating in the government
program (Join Government Program/JGP) and those not participating (Not Join Government
Program/NJGP) were analyzed using an independent samples t-test at a 95% confidence level (o =
0.05). The analysis was conducted to compare the number of plant species, the number of individual
plants, and plant groups between the two respondent groups. In addition, a chi-square (y?) test was
used to test for differences in the proportions of households growing specific plant groups (medicinal
plants, tubers, fruits, vegetables, and ornamental plants) between the JGP and NJGP groups. All
statistical analyses were performed using IBM SPSS Statistics software.

. RESULT AND DISCUSSION

Effects of the Urban Home Gardening Program on Home Garden Typology and Structure

Based on field observations, home gardens in Malang City can be grouped into three main
types: ground type, mixed type (a combination of ground and vertical/rooftop), and vertical/rooftop
type (Figure 3). The ground type is a form of garden that directly utilizes the ground as a growing
medium, while the mixed type combines the ground with vertical or rooftop planting systems. The
vertical/rooftop type is a form of space utilization that places plants on walls, fences, vertical racks, or
building roofs as the primary planting locations. These three types demonstrate the variety of
strategies used by the community to manage green spaces in urban residential environments with
limited space.

ik ,\ ,
Fig. 3. Home garden types (A: ground level; B: vertical + ground; and C: rooftop)
The distribution of home garden types shows differing patterns between households
participating in the government program (JGP) and those not participating (NJGP) (Figure 4). In the
JGP group, the mixed type (ground + vertical/rooftop) was the most dominant, accounting for 48%,
followed by the ground type at 39% and the vertical/rooftop type at 13%. In contrast, in the NJGP
group, the ground type dominates at 56%, while the mixed type and vertical/rooftop type account for

only 26% and 18%, respectively (Figure 4). This pattern indicates that households participating in the
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the government greening program tend to make greater use of a combination of various planting
spaces compared to households not participating in the program.

Vertical/ Rooftop Ground + Vertical/ Rooftop Ground Type
NIGP 18% 26% 56%

JGP 13% 48% 39%

Fig. 4. Types of home gardens by program group.

The predominance of mixed-type gardens in the JGP group indicates a greater effort to
optimize space through the simultaneous use of both horizontal and vertical areas. The utilization of
various forms of growing spaces is one of the adaptation strategies employed by urban communities
to cope with increasingly limited land availability due to urbanization. Recent studies show that home
gardens and household-scale green spaces play a crucial role in maintaining urban biodiversity,
especially as public green open spaces become increasingly limited [10], [11]. In conditions of limited
land, the use of vertical shelves, hanging pots, living fences, and rooftop gardens allows for an
increase in growing space capacity without requiring land expansion [11].

Differences in visual characteristics between the home gardens of program participants and
non-participants were also evident in the vertical garden systems implemented (Figure 5). Home
gardens in the JGP group generally featured more intensive plant arrangements, utilizing tiered
shelves, hanging pots, and vertical structures integrated with building elements. In contrast, in the
NJGP group, the use of vertical space tends to be simpler and limited to specific areas around the
house. Although this study did not directly measure the quality of home garden design, these patterns
indicate differences in the level of space utilization that are likely related to access to information,
training, and home garden management experience gained through the the government greening
program.

Fig. 5. Comparison of vertical garden systems between program participants (A) and non-participants
(B).

The interview results show that the main factor underlying the development of home gardens in
both groups is the availability of space (Figure 6). All NJGP respondents (100%) stated that the layout
of their gardens was entirely determined by the available space around their homes. In the JGP group,
the majority of respondents (82%) also cited the availability of space as the main factor; however,
18% of respondents stated that information obtained from the government or nongovernmental
organizations (NGOs) also influenced the design and management of their home gardens.

Space availability Information from Government or NPO
NIGP 100%

JGP 82% 18%

Fig. 6. Reasons for developing home gardens
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The findings indicate that although the physical conditions of the land remain a dominant factor
in determining home garden layout, greening programs have the potential to expand residents’ options
for utilizing available space. Community-based programs are known to enhance community capacity
through the dissemination of information, technical training, and the exchange of experiences among
residents, thereby encouraging the adoption of more diverse urban gardening practices [13], [14]. In
addition to serving as spaces for plant cultivation, more intensively managed home gardens also
contribute to enhancing urban ecosystem services, such as providing habitats for other organisms,
improving the microclimate, and enhancing the visual quality of residential environments [11], [12].
Therefore, greening programs not only have the potential to increase the amount of vegetation planted
by the community but also encourage innovation in land use so that home gardens can function more
optimally as an important component of urban green spaces.

The Effect of the Urban Home Gardening Program on Plant Composition and Dominant
Species

An inventory of vegetation in all residential home gardens revealed that residents of Malang
City grow a diverse range of plant groups, including ornamental plants, vegetables, fruits, medicinal
plants, tubers, and staple food crops (Table 1). Overall, the ornamental plant group was the most
dominant, with 80 individuals representing various species, followed by vegetables (58), fruits (56),
medicinal plants (47), tubers (19), and staple food crops (2). These results indicate that home gardens
in urban areas serve as multifunctional spaces that are utilized not only for aesthetic purposes but also
to support household food and health needs.

Table 1. Plant species and dominant plants

Plant Species N Plant Species N

Tuber Crops 19 Ornamental Plants 80
Zingiber officinale 6 Sansevieria trifasciata 18
Manihot esculenta 5 Anthurium Plowmanii Croat 15
Curcuma longa 5 Phalaenopsis amabilis 9
Alpinia galanga 2 Syzygium oleana 8
Ipomoea batatas 1 Plumeria rubra 6
Staple foods 2 Begonia spp. 3
Zea mays 2 Anthurium andraeanum 4
Fruit 56 Helianthus annuus 3
Mangifera indica 17 Cyrtostachys renda 2
Musa acuminata 15 Hibiscus rosa-sinensis 2
Averrhoa carambola 9 Portulaca grandiflora 2
Psidium guajava 8 Cananga odorata 1
Citrus sinensis 5 Taxodium distichum 1
Cocos nucifera 1 Dieffenbachia seguine 1
Fragaria ananassa 1 Jasminum spp. 1
Vegetable 58 Chlorophytum comosum 1
Capsicum frutescens 18 Codiaeum variegatum 1
Solanum melongena 10 Adiantum spp. 1
Lactuca sativa 9 Salix spp. 1
Solanum lycopersicum 7 Medicinal Plants 47
Eleutherine bulbosa 6 Aloe vera 25
Spinacia oleracea 6 Piper betle 22
Apium graveolens 1

Brassica oleracea 1
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The dominance of ornamental plants shows that aesthetic aspects are still one of the main
considerations in managing urban home gardens. The most commonly found species include
Sansevieria trifasciata, Anthurium plowmanii, Phalaenopsis amabilis, and Syzygium oleana, which
are known to have high aesthetic value and are relatively easy to maintain in residential environments.
The high proportion of ornamental plants in home gardens has also been widely reported in various
cities around the world, where homeowners tend to choose species that can improve the visual quality
of the environment while providing psychological comfort for home occupants [17], [19]. In addition
to functioning as decorative elements, ornamental plants also contribute to improving the quality of
the microenvironment through carbon absorption, reducing air temperature, and providing habitat for
various urban organisms [10], [11].

However, the high number of vegetable and fruit plants indicates that home gardens in Malang
City also have a fairly important productive function. The vegetable group is dominated by chili
(Capsicum frutescens), eggplant (Solanum melongena), lettuce (Lactuca sativa), and tomato (Solanum
lycopersicum), while the fruit group is dominated by mango (Mangifera indica), banana (Musa
acuminata), starfruit (Averrhoa carambola), and guava (Psidium guajava). The dominance of these
species indicates that people tend to choose plants that have direct benefits for household needs, both
as a food source and as a source of fresh fruit that is easily obtained from their own home gardens.
This finding is in line with various studies that show that home gardens are a small-scale
agroecological system that can support household food security while also being a place to conserve
various genetic resources of cultivated plants [16], [18], [20].

Medicinal plant groups were also found in relatively high numbers, dominated by Aloe vera
and Piper betle (Table 1). The presence of medicinal plants indicates that some communities still
maintain the practice of using plants for family health needs. In addition to being easy to cultivate,
these two species are widely known as medicinal plants that have various traditional and modern
benefits, so they are often planted in home gardens. Medicinal plants maintained in the household
environment not only serve as a source of simple medicine, but also contribute to the preservation of
local knowledge and the conservation of urban biodiversity [20], [21].

The plant composition found in this study indicates that home gardens in Malang City have
characteristics as multifunctional home gardens, namely a home garden system that integrates
aesthetic functions, food production, plant diversity conservation, and health benefits in one relatively
limited space. The existence of various plant groups with different functions indicates that home
gardens can be an important component of urban green space while supporting the provision of
various ecosystem services at the household scale [10], [12], [16]. Thus, the diversity of plant
composition found not only reflects the preferences of homeowners for certain types of plants, but
also shows the ability of home gardens to accommodate various social, economic, and ecological
needs of urban communities.

The Impact of Urban Home Gardening Programs on Plant Diversity

Although all plant groups were found in both government program participant (JGP) and non-
participant (NJGP) households, there were differences in the number of plants and the diversity of
varieties managed by the two groups (Table 2). In general, program participant households had a
higher average number of plants (52.6 individuals) than non-participant households (42.6 individuals),
but this difference did not show statistical significance based on the t-test (p > 0.05). In contrast, the
average number of plant varieties in the JGP group reached 13 varieties, significantly higher than the
NJGP group which only had an average of 8.4 varieties. The t-test results showed that this difference
was significant at the 95% confidence level (p < 0.05), indicating that participation in the Urban
Home Gardening Program is associated with an increase in the diversity of plant types cultivated by
the community.

Table 2. Comparison of the number of plants and the number of plant varieties in the home gardens of
government program participants (JGP) and non-program participants (NJGP)
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Percentage of Average Number of Average Number of
Plant Households (%) Plants Plant Varieties
TR NP o niGe tes P NIGP e
Total 100%  100% 526 426 0594 13 84  2272*
g/l';gtfi“a' 50%  32% 0.013* 145 7.4  2201* 33 23 176
Tuber Crops  21%  18% 0.7 133 208 -0.599 1.8 32  -0.889
Fruit 66% 47% 01 89 203 -0908 32 27 0548
Vegetable ~ 67%  50% 1 148 21  -0429 27 26 0190
Slgnnime“ta' 85% 82% 07 297 199 1537 7.8 54 1777

These findings suggest that greening programs do not necessarily encourage people to plant
more plants, but rather play a role in expanding the choice of cultivated plant types. In other words,
the program contributes to increasing the diversification of home gardens rather than simply
increasing the quantity of plants. A similar pattern has also been reported in various community-based
urban gardening programs, where training, outreach, and information exchange activities have a
greater impact on the diversity of planted species than the number of individual plants maintained
[13], [14]. Diversification of plant types is an important aspect in home garden management because
it can increase ecological stability, expand the benefits obtained by households, and strengthen the
function of biodiversity conservation at the local scale [10], [16].

A more pronounced difference was seen in the medicinal plants group. Fifty-nine percent of
households participating in the program planted medicinal plants, while only 32 percent of households
in the non-participant group did so. This difference was significant based on a chi-square test (p =
0.013). Furthermore, the average number of medicinal plants grown in JGP home gardens (14.5
individuals) was almost twice as high as that of the NJGP group (7.4 individuals), and this difference
was also significant based on a t-test (p < 0.05). Conversely, tubers, fruits, vegetables, and ornamental
plants did not show any significant differences between the two groups.

These results indicate that the greening program likely not only affects the physical aspects of
home gardens, but also influences people's perspectives on the function of home gardens. Before
participating in the program, home garden use tended to focus on aesthetic functions through planting
ornamental plants or consumption functions through fruit and vegetable plants. However, after
receiving information, training, and assistance from the government program, people began to expand
the function of home gardens as a source of plants that support family health. The increase in the
planting of medicinal plants indicates a shift in orientation from home gardens as passive green spaces
to multifunctional spaces that provide ecological, economic, and health benefits simultaneously [13],
[20], [21]. This finding is reinforced by the dominance of Aloe vera and Piper betle in the medicinal
plant group (Table 1), two species that have long been known and used by the community as
household medicinal plants. The presence of these plants indicates that the greening program has the
potential to be a medium for reintroducing the use of medicinal plants in everyday life. In the context
of sustainable urban development, increasing the diversity of medicinal plants in home gardens not
only supports the conservation of plant genetic resources, but also strengthens public health resilience
by providing simple, easily accessible sources of medicine [20], [21].

Overall, the research results show that the main impact of the the government greening program
lies not in increasing the number of plants planted by the community, but rather in increasing the
diversity of plant varieties and expanding the function of home gardens. The program encourages
communities to manage their gardens in a more diverse and multifunctional way, so that the gardens
not only serve as an aesthetic element of the environment or a source of household food, but also as a
means of biodiversity conservation and the use of medicinal plants at the family scale. These findings
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demonstrate that community-based government interventions can be an effective instrument in
improving the quality of urban green spaces while strengthening community relationships with the
diversity of plants they manage [10], [11], [13], [14].

V. CONCLUSION

This study shows that home gardens in Malang City are characterized as multifunctional green
spaces composed of three main types: ground type, mixed type (ground and vertical/rooftop), and
vertical/rooftop type. The vegetation composition is dominated by ornamental plants, followed by
vegetables, fruits, medicinal plants, and tubers, reflecting the combination of aesthetic, food
production, and health functions in home garden management. Households participating in
government greening programs tend to have more diverse home garden structures, a higher number of
plant varieties, and a greater proportion of medicinal plants planted than non-participating households.
These results indicate that the main contribution of the greening program is not in increasing the
number of plants planted, but in diversifying plant types and expanding the function of home gardens.
Community-based greening programs have the potential to be an effective instrument for improving
the quality of urban green spaces by strengthening the functions of biodiversity conservation,
household food security, and the use of medicinal plants. Therefore, the development of future
greening programs needs to be more directed at increasing plant diversification and education on the
use of food and medicinal plants to optimize the resulting ecological and social benefits.
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