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Abstract: ‘Home garden’ (HG) is a complex sustainable land use system
combining annual and perennial crops, trees, shrubs, livestock and fishery.
The flow of goods and services provides not only food and nutrition security
and employment, but also other co-benefits. Though HGs have attracted
international attention since 1950s, it has not been widely researched especially
in the context of rural India. This paper presents the results based on a field
study carried out in 100 HGs in Paschim Medinipur District in the West
Bengal, located in eastern part of India. A structured questionnaire was used to
identify different aspects related to HG characteristics, their role in household
consumption, problem areas and the different socio-economic characteristics of
the HG owners. The results suggest that home gardeners with a higher level of
education and who are using modern inputs are able to derive more benefits
from the HGs.
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1 Introduction

‘Home garden’ (HG) is a complex sustainable land use system (Marambe et al., 2012a;
Weerahewa et al., 2012), which generally combines multiple farming components,
i.e., annual and perennial crops, trees, shrubs, livestock and fishery. The flow of goods
and services from the HG not only provides the household needs and employment
support, but also environmental services similar to those of natural forests as a result of
being a mixed farming system consisting of fruits, vegetables, trees and animals. The
other co-benefits include biodiversity conservation, providing habitat niches in over-
storey, under-storey and ground layers, conserving useful species, diversifying the
agricultural systems, improving food and nutrition security, expanding habitat and
refuges for mammals, birds, butterflies, soil micro life to beneficial insects including
pollinators, birds and other wildlife, reducing carbon emissions by increased
sequestration, adapting to climate change, improving resource use efficiency, soil
fertility, and microclimate.

Studies on HGs have been reported from many countries highlighting their economic
and environmental values. HGs provide the households with a cash income and increase
the resilience of households to withstand market shocks and volatility with regard to their
supplies of food and income and health. This reduces vulnerability of poor households.
The ‘HG Report’ of the United Research Services (URS, 2004) highlights the successful
initiatives of home gardening in the countries like Bangladesh, Philippines and Thailand
for tackling the nutritional needs of the poor. There is still a vast potential for home
gardening to improve the livelihood of people in developing countries, especially in
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Africa, Latin America and the dry regions of Asia. The importance of HGs in livelihood
generation and food and nutrition security has also been discussed by various authors
(Crowell et al., 1991; Attygalle, 1996; Hitinayake et al., 1996; Lebel et al., 2010;
Weerahewa et al., 2011; Pushpakumara et al., 2012; Rao et al., 2007; Saikia et al., 2012).
Nair and Kumar (2006) observed that almost all HG systems have evolved to provide
food and other requirements of households through generations under the influence of
resource constraints. Nguyen (1997) reported that the HGs have an important role in
regulating both micro-nutrients and supply of marketed surplus. The issue of plant
diversity of HG in two Peruvian Amazon communities has been reported by Ban and
Coomes (2004). Blaylock and Gallow (1983) using the US Department of Agriculture’s
(USDA) 1977 Nationwide Food Consumption Survey data reported that the household
decision to produce vegetables at the household is influenced significantly by the area of
household residence, homeownership, race, source of income, the number and ages of
adults in the household and the potential for saving money. A study conducted in
Vietnam (URS, 2004) revealed the problem areas of home gardening with respect to lack
of market information, lack of water in dry season, low plant diversity, low education,
lack of technology and finance, etc. Traditional HGs have been maintained as a part of
rural survivals over generations in many parts of India (Tangjang and Arunachalam,
2009). In the context of climate change, HG assumes an immense importance. Despite
the large empirical evidence on adaptation, a limited number studies have been reported
in South Asia, examining the extent to which the home gardeners have adapted to
climatic changes (Marambe et al., 2011, 2012a, 2012b; Pushpakumara et al., 2012;
Weerahewa et al., 2012).

The primary research question that this paper addresses is if there are multiple
benefits that flow from HG ecosystem, which can justify their sustenance? There is a
paucity of information on the HG ecosystems and their role in food supply system in the
Indian context. Though HGs have attracted international attention since 1950s, it has not
been widely researched especially in the context of rural India. This paper presents the
results based on a field study carried out in Paschim Medinipur District in West Bengal,
located in the eastern part of India. The study also investigated changes made to the HGs
by the owners over the past 20 years through the recall method of the home gardeners.
This helps in understanding the current ecosystem of HGs and assesses their role in
household food supply. Description of the study area is given in Section 2, Section 3
presents description of HG owners and HGs based on field observations. Section 4
compares diversity indices calculated for two study villages with other countries and
narrates the changes made to HGs over time. Section 5 shows how HGs support food and
nutrition of HG owners and value of flow of such provisioning services.

2 Study area
The field survey was conducted in the West Bengal of India during 2009-2010 as a part

of a multi-country project involving Sri Lanka and Bangladesh. An internationally
uniform desirable criteria was used for choosing HGs for the study namely,
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1  size: HGs be less than 0.5 hectare (ha)
2 composition: trees and animal are a must, domesticated animals are preferable

3 structure: at least a three-tier plant structure with ground strata (like grass, herbs),
middle strata (like papaya) and top strata (like mango tree)

4 the region is preferably in the low country (< 300 metre (m) above the sea level
above the sea level), dry zone (< 1,700 mm rainfall).

Our choice of district was guided by all these criteria, and was made in favour of
Pashcim Medinipur (Medinipur west) district (Figure 1). Additional two villages namely,
Ledagamar and Keshia in Garhbeta — I block in Paschim Medinipur district were
selected, guided by the criteria. The snowball sampling (Lewis-Beck et al., 2004)
procedure was adopted for selecting the households for primary survey, as there was no
documentation/listing of HGs and no primary study existed in this field. Snow ball
sampling method has helped to identify the households with specified criteria.
Following this method, few respondents were interviewed initially from the selected
study site and subsequently the respondents who meet the selection criteria of HG,
and those who are interested in participating in the project, were interviewed. Ledagamar
village was first selected as the project site by the project team, however, as the target of
100 observations could not be obtained in Ledgamar alone, the second village namely,
Keshia, was selected. The two villages are located 5 km apart. The latitude and longitude
of Ledagamar are 22.833°N and 87.323°E, respectively, and those of Keshia are
22.804°N and 87.329°E, respectively. The altitude of the study site was 66 m above the
sea level. Out of the total number of households surveyed (100), 74 households were
from Ledagamar and 26 were from Keshia. According to the Census Report
(Government of India, 2011), a ‘household’ is identified as a group of persons who
normally live together and take their meals from a common kitchen unless the exigencies
of work prevent any of them from doing so. In the two villages surveyed, the
total number of households was 1,079. Though many households possessed HGs,
about 15% of households were in conformity with the selection criteria. The Census
Report (Government of India, 2011) also reveals that there are about 221 million
rural households in India. Thus, there is enormous scope of HGs in generating benefits to
rural households. All the HGs selected from the two villages met the selection
criteria. The scope of the study allows us to study 100 households intensively. The choice
of the number of households was made to make it comparable with other countries.
The soil of the study area was sandy loam. The region is in the dry zone with an
average annual rainfall of 1,500 millimetre (mm). The temperature in the summer
season in these regions was about 40°C and the average productivity of paddy was
about 2.50 tonnes/hectare (t/ha) with state average being 2.54 t/ha in 2009-2010.
About 36% of the households in the study site lived below the poverty line (BPL) as
reported by the local administrative office at the time of the survey. A structured
questionnaire was used, which included different aspects relating to HG characteristics,
their role in household consumption, problem areas and the different socio-economic
characteristics of the HG owners.'
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Figure 1

The map of West Bengal in India with the study area (see online version for colours)
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3 A home gardeners

The average age of the household head is 55 years and more than 80 % of them are male.
An average household size is six (range 2 to 15). Among the HGs surveyed, 29% of
home gardeners (household head) have not received school education. The proportions of
low-income farmers were 93%, though all of them do not belong to the BPL group. In
addition to farming, only 11% of the farmers surveyed had off-farm employment.

Table 1 Socio-economic characteristics of the households with HG
Attribute Category Value
Size of the household (number) Average 5.9
Range 2-15
Age of the household (HH) head (years) Average 55
Range 22-85
Sex of the HH head Male 84
(% in each category) Female 16
Education level of the HH head No schooling 29
(% in each category) Up to primary 22
Secondary and above 49
Occupation of the HH House work 13
(% in each category) Farming 65
Farming and other 11
Non-farming 11
Agricultural land holding (acre) Average 0.6
Range (0-6.9)
Home garden size (acre) Average 0.18
Range (0.03-99)

Source: Field survey
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Table 2 Average monthly expenditure (INR)?

Items INR per month Percentage
Food and drink 1,800 48
Fuel and light 225 6
Clothing and personal effects 450 12
Personal care and health expenses 315 8
Transport and communication 225

Education 360 10
Culture and entertainment 90 2
Durable household goods 45

Liquor and tobacco 135 4
Other 45 1
Total household expenditure 3,735 100

Source: Field survey

3.1 HG attributes

The characteristics of HGs have been discussed in terms of area distribution in different
components, types of crops, trees grown, diversity of plants and changes made in the HG.
A HG is made of a house and other components. The average area of the HG was
calculated as 16.8 decimal. The average percentage area of occupation of different
components of the HG in the study area is presented in Table 3. Crops, plants and trees
occupy the major portion of the HGs surveyed. The average open space of a HG was
18%, which often is used for different household purposes including the threshing of
crops, play space for the children, social ceremonial purposes, etc.

Table 3 Distribution of area (average) in HGs

Area distribution items Average area (decimal) Percentage area
House 4.0 30
Crops, plants and trees 7.1 43
Animal house 0.4 3
Tubewell/dug well 0.3 3

Open space 3.0 18

Other 2.0 3

Total 16.8 100

Source: Field survey

About 89% house types were mud-built and 11% brick-built. The roof of the houses was
made of tin (66% of households), thatching materials, sheets, etc. Sanitation
infrastructure varied: 64% septic tank, 19% open-pit, and 17% in outside the HG land.
All the HG owners of the study area lived in the village, except one. The average time
allocated per household to maintain the HG was calculated as 850 hrs per annum. No
hired labour was used for maintenance of HG.

The vegetation in the HGs can be divided into three categories, viz., crops, woody
trees and non-woody trees. Crops such as different vegetables formed the ground strata.
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Non-woody trees are mostly the middle-strata whereas the trees are the high-strata plants.
A wide variety of plants, trees and animals were observed in the HGs. In the sample of
100 households in this study, 113 types of crops, 72 types of woody trees and 15 types of
non-woody trees were recorded. The average age of trees was 17 years. The average
number of crop species in the HGs was7.72, ranging from a minimum of 2 to the
maximum of 18. Chilli (Casicum annuum L) was the most important crop species, which
was grown by 84% of households. Table 4 shows the top eight crop species namely, chilli
(C. anmuum), papaya (Carica papaya L), brinjal (Solanum melongena L), bottle gourd
[Lagenaria siceraria (Molina) Standl.], leafy vegetables, marigold (7agetes spp) and
banana (Musa spp) found in the surveyed HGs with the frequency of their occurrences.
Vegetables are grown mainly in the months of July to November.

Table 4 Frequency of occurrence of crop species per household per year
English name Scientific name % of home gardens
Chilli Capsicum frutescens L. 84
Papaya Carica papaya L. 58
Brinjal Solanum melongena L. 57
Bottle gourd Legenaria siceraria (Molina) Standl. 45
Leafy vegetable Basella rubra L. 43
Marigold Tagetes patula L. 32
Banana Musa sapientum L. 30

Source: Field survey

The number of woody trees per HG was calculated as 7.17 ranging from the minimum of
2 to the maximum of 16. Top ten frequently observed woody trees with the average
number of trees per HG is presented in Table 5. The most frequently occurred tree in the
surveyed HGs was mango (Mangifera indica L).

Table 5 Frequency of occurrence of woody trees (perennial) in HGs
. Lo . Average % of home
English name Scientific name Family hnumber Zer gardens
ome garden
Mango Mangifera indica L. Anacardiaceae 2.70 89
Jack fruit Artocarpus heterophyllus Lam. Musaceae 1.97 87
Guava Psidium guajava L. Myrtaceae 0.97 57
Golden apple Spondias dulcis L. Rutaceae 0.56 41
Indian lilac Azadirachta indica A. Juss. Meliaceae 0.48 37
Jamboline Syzygium cumini L. Myrtaceae 0.40 32
Coconut Cocus nucifera L. Areaceac 1.25 29
Lemon Citrus limon (L.) Burm. f. Rutaceae 0.24 22
Tamarind Tamarindus indica L. Caesalpiniaceae 0.24 20
Indian Jujube Ziziphus mauritiana Lam. Rhamnaceae 0.26 19

Source: Field survey
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Table 6 Frequency of occurrence of non-woody trees (perennial) in HGs
English Scientific name Family nzfl;':z:zig;er (ég ;:}:Ze
home garden
Bamboo Bambusatulda Roxb. Peaceae 0.55 32
Papaya Carica papaya L. Cactaceae 0.14 09
Banana Musa spp. Musaceae 0.10 58
Hibiscus Hibiscus spp. L. Malvaceae 0.06 05
Clitoria Clitoria ternatea L. Pipilionaceae 0.02 02
Pomegranate Punica granatum L Bromeliaceae 0.02 02
Tagar Valeriana sitchensis Bong. Apocynaceae 0.02 02
Pineapple Ananas comosus (L.) Merr. Bromeliaceae 0.01 01
Kind of flower Unidentified Ceasalpiniaceae 0.01 01
Kind of weed Unidentified Malvaceae 0.01 01

Source: Field survey

The total number of non-woody tree species per household was calculated to be 1.42 with
the maximum of 3 and minimum of 1. The most frequently occurring non-woody tree is
bamboo (Bambusa spp), which was found in 58% of the households. The percentage
frequency of the top ten non-woody trees with the average number of trees per HG is
shown in Table 6.

4 Plant diversity in HGs

The Shannon-Wiener Index (SWI) was used to evaluate the species richness and
abundance of trees in the study area as done by Marambe et al. (2012a). The proportion
of species (i) relative to the total number of species (p;) was calculated and then
multiplied by the natural logarithm of the same proportion (Inp;) [equation (1)]. The
resulting product was summed across species, and multiplied by —1 to calculate the SWI
of individual HGs.

SWi=3 p,[In(p,)] (M

The average value of SWI of the sample households in the study area was 1.436 with a
range of 0.277-2.309 and standard deviation of 0.324. The average value was marginally
different for two study villages in India with 1.44 for Ledagamar and 1.42 for Keshia.
These values were higher than that reported for a village in Bangladesh (1.09) but lower
than those of HGs from three villages in Sri Lanka (2.0; Marambe et al., 2012a).

Over the past 20 years, various human interventions have been made to enhance
productivity of HGs. Different changes introduced to the crops and trees in HGs during
the past 20 years are shown in Table 7. In order to improve the fertility of the soil, the
home gardeners have applied different kinds of fertilisers such as chemical fertiliser (92%
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households), compost (22% households), and cattle manure (83% households). About
84% of the households surveyed have recognised the necessity of conserving soil and
91% practiced integrated farming consisting of trees, crops and animals. The survey
results revealed that the planting dates have been changed for some crops like chilli (30%
households), brinjal (21% households) and bottle gourd (17% households). The major
reasons reported by home gardeners for changing planting dates are the changes in the
onset of rainfall, shortage of water and lack of timely irrigation supply. Other changes
observed in the surveyed HGs were the increasing use of new technologies such as micro
irrigation and sprayer machines. Similar results were reported from a study carried out in
Sri Lanka covering 148 HGs in three villages to identify adaptation strategies to climate
change by home gardeners (Weerahewa et al., 2012). The major reasons for using new
technologies were to obtain higher production; prevent/overcome insect pest damages
and disease. The major reasons for changing the planting dates of crops in Sri Lanka
emerged as the shortage of water, change of the onset of rainfall, obtaining a higher
production, and increasing temperature.

Table 7 Changing practices in HGs in past 20 years

Home gardens (HG) making changes
Changes made % of HGs out of those that

made changes % of total HGs
Changing planting dates 60 56
Using new Micro-irrigation 70 66
technologies Sprayers 7 7
Other 74 70
Varieties 19 18

Source: Field survey

5 HGs support food and nutrition

HG contributes much to the consumption needs of households. The food items are
divided into four categories namely, cereals, vegetables, egg and meat. As main cereals
like rice and wheat were not the main crops cultivated in the HG, the contribution of HG
in these was not considerable. The HGs surveyed contributed significantly in providing
the consumption needs of vegetables, meat and eggs of the households (Table 8). Higher
values represent higher resilience to market volatility.
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Table 8 Household average annual consumption and contribution of HG for different food
items
Food obtained from
Total quantity
Crop = cereals (kg) ;Zlei (%TZ%Z;ZZZZ) Gifis %) ”’;ﬁ"“d
(%) (%) 7
Rice 13,553.17 0.12 67.05 0.07 32.75
Finger millet 446.66 0 98.88 0 1.11
Wheat 1,274.66 4.97 4.90 22 87.93
Other cereals 3,964.75 0 85.05 0 14.95
Total cereals 19,239.25 0.42 67.38 0.2 32.01
Vegetables 6,011.06 31.04 46.38 0.35 22.23
Leafy vegetables 1,283.33 22.38 25.57 0.47 51.58
Total vegetables 7,294.40 29.52 42.72 0.37 27.4
Meat 446.50 28.59 0 0 71.41
Eggs (number) 2,698 31.69 0 0 68.31

Source: Field survey

6 Flow value from HGs

The flow value is the value of annual return from annual crops and trees (including fruit
crops). In case of the non-marketed food items, this value is imputed at their 2009-2010
market prices. The average flow value per household in the study sites was calculated as
INR 59,000 per annum. The flow value of HGs is the monetised flow of produces from
HG at market price. The flow value from HGs is generated both from trees and annual
crops. The woody and non-woody trees generate different flow values. As shown in
Table 9, the highest flow value was generated from mango from among the woody and
non-woody trees. It should be noted that livestock was not taken into account in flow
value calculation.

Table 9 Annual flow value of the woody and non-woody trees in HGs (top ten)
English name Scientific name Flow value per household (INR per annum)
Mango M. indica 1,391.85
Jack fruit A. heterophyllus 755.55
Bamboo B. tulda 427.50
Coconut C. nucifera 228.15
Guava P. guajava 224.55
Tamarind T. indicus 200.25
Golden Apple S. cythereal.. 166.95
Indian Lilac A. indica 152.10
Palm Borassus flabellifer L. 138.15
Moringa M. oleifera 128.70

Source: Field survey
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7 Determinants of flow value from HG

The production decisions made for the HG may depend on the socio-economic
characteristics, and labour and non-labour incomes of the households (Marambe et al.,
2012a). The median annual flow value of HGs under study was observed to be
INR 4,309.50 with the maximum INR of 25,312 and the minimum of INR 424. Out of
100 HGs, 50 households had a flow value either equal to or above the median flow value.
In the present study, we were interested in finding the determinants of high flow value
from the HGs. A high flow value was defined in this study as the value which is above
the median flow value. The median here was used instead of the mean to avoid bias
arising out of extremely small or large observation. The probability of getting high flow
value from HG was hypothesised to be influenced by the intra-household parameters of
home gardeners’ (household size, education status), indigenous knowledge, natural
resources endowment (land size, houschold assets), access to information (farmer
extension service from government, NGOs, farmer to farmer extension), access to credit,
availability of formal institutions such as input output markets, etc. Accordingly, a logit
model [equations (2), (3) and (4)] (Wooldridge, 2002; Heij et al., 2004) was used to
analyse the factors, which influence the high flow value (a value greater than median
flow value).
Latent variable can be given by the equation below

yl* = ﬂl +ﬂ2x2i B RN +ﬂkxjd +u; (2)

Loif y>1

y, is unobservable but y, =
0, if Otherwise

where y; = 1, if flow value is greater than the median flow value; y; = 0, otherwise.

X;‘s are independent variables.

eﬁ1++ﬂ2~"21+ + P
P(yi = 1) = Pi 1+eﬁ|++ﬁzxzi+ + B ©)
Log likelihood of the logit model is given by
Log(L(B) =" v log(p,)+ Y. (1-¥)log(1-p;) @)

Six independent variables were considered finally as given in Table 10. The independent
variables included per capita consumption of the household; percent of expenditure on
food, the highest level of education attained by any member in family, number of
individuals employed in farming, amount of fertiliser used in the HG and ownership of
animals (a dummy variable = 1 for owned livestock; = 0 otherwise). The per capita
consumption of the household was estimated on the basis of the consumption items like
food, including HG, education, health and fuels as reported by the households. The
summary statistics of the variables are presented in Table 10. High standard deviation of
the amount of fertiliser used compared to its mean arises because of the existence of high
values for some households.
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Table 10  Summary statistics of the variables used

Variable Unit Mean Median Sta;?dqrd
deviation

Annual flow value from home Thousand INR  6.59646 4.90350 5.34729

garden

Per capita annual consumption of Thousand INR  8.42413 6.9988 6.12

the household

Percent of expenditure on food 46.71 50.00 16.86

Highest level of education of the No. of years 9.38 9.00 2.83

family

No. of individuals employed in 1.77 2.00 1.31

farming

Amount of fertilizer used in the Kgs. 2791 20.00 29.15

home garden

Source: Field survey

The logit regression results (using SPSS software) are shown in Table 11. The results
suggested that the statistically significant factors affecting the likelihood of high flow
value are high per capita consumption, high level of education, high number of
individuals employed in farming and high amount of fertiliser used. The home gardeners
with a high percentage of expenditure on food and having livestock were less likely to
derive a high flow value. The families spending more on food, i.e., poorer families derive
less flow values from HG. As the livestock may damage the crop component of the HG
while grazing, the flow value may be less. However, households with a high per capita
consumption are more likely to fall in the category of higher flow value. The estimated
results also revealed that the Nagelkerke R*= 0.403 and the overall percentage of correct
prediction is 75%.

Table 11  Logit estimation results

Independent variable Marginal effects Significance level
Per capita consumption of the household .105 .064
Percent of expenditure on food —.049 .002
Highest level of education of the family 221 .031
No. of individuals employed in farming 531 .009
Amount of fertiliser used in the home garden .034 .028
Ownership of livestock -1.533 .065
Constant -1.119 472

Source:  Authors’ own estimation based on field survey data

8 Conclusions

The paper highlights the different characteristics of HGs and their contribution in
household food supply and multiple other benefits in a dry region in India. HGs may play
an important role in improving the species diversity and food supply of the people in the
rural areas. The results suggested that home gardeners with a higher level of education
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and who are using modern inputs are able to derive more benefits from the HGs. There is
a need of proper extension services, particularly on the part of the government regarding
crop planning, land management, providing irrigation facilities, and training for water
and soil conservation for the home gardeners to encourage sustainable practice-based
land management systems.
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1 Questionnaire can be accessed from corresponding author upon request.
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