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Abstract
The present study aimed to assess the role of homegarden (HG) in safeguarding the tree diversity and carbon (C) density 
or storage in the Thodupuza urban region of Idukki district in Kerala, India. A stratified random approach was used for 
selecting the four homegardens (HGs) with a size of 1hectare (ha). The study mainly focused on species richness, diversity, 
above ground biomass, carbon, correlation and distribution of carbon with various variables, species and group wise carbon 
storage of the system. A total of 992 trees from 66 species belonging to 31 families were enumerated with representation 
of 4 endemic, 1 vulnerable, 1 endangered and 23 exotics. The diversity indices obtained were closer to those of the forest 
ecosystem. Above ground biomass and carbon density were estimated to be 67.06 t/ha (tonne/hectare) and 31.85 6 t/ha 
respectively. Species Tectona grandis showed dominancy in carbon and Important Value Index. Correlation analysis among 
species revealed that carbon exhibited a strong positive trend with basal area and tree density, but in the case of plot (HG)-
wise examination only basal area had a strong positive relationship. The diametric class analysis showed skewed type of 
distribution for carbon and tree density while diversity had reverse j-shaped curve. Among the two plant groups, cultivated 
species had an edge over native in storing carbon. Overall, this assessment shows the potential of using homegardens as a 
socio-ecological systems for sustainable development particularly in terms of land availability and climate mitigation options 
in the face of rapid urbanization.

Keywords Above ground biomass · Basal area · Endemism · Exotics · Important Value Index · Sequestration

Introduction

Urbanizing regions pose enormous challenges to the eco-
system’s capacity to deliver important ecological functions 
(Alberti 2010). At current rates of urban growth, global 
urban land cover will increase by 1.2 million  km2 by 2030, 
nearly tripling the global urban land area of 2000, with con-
siderable loss of habitats in key biodiversity hotspots (Seto 
et al. 2012). Over the recent years there has been growing 
interest in studying the role of urban green spaces in both 
mitigating urbanization’s impact and providing a variety of 
ecosystem services. Consequently, there is much attention 
towards urban agro-ecosystems as a strategy that improves 
the quality of life of our increasingly urbanized commu-
nity. The quality of the urban communities depends on the 
ecological, social, economic, recreational, cultural, services 
provided by these ecosystems (Egerer et al. 2018). One type 
of urban agro-ecosystem that has experienced a renaissance 
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in recent years and has piqued the interest of local govern-
ments and urban planners are homegardens.

Homegardens, defined as the oldest form of land-use sys-
tem having a multi-story combination of trees along with 
shrubs and herbs and sometimes in association with live-
stock around the homesteads (Fernandes and Nair 1986). 
Being a multi-species and multilayered system of land use, 
they offer food items (vegetables, fruits), fodder, medicines, 
fuel and insurance against crop failure besides generating 
revenue and occupation (Kumar and Nair 2004; Gbedomon 
2017). Besides, they conserve water and soil, increase fer-
tility of the soil, nutrient cycling and watershed protection 
(Pandey 2002). In view of these multiple functions, many 
researchers have concluded that homegardens are one of the 
sustainable production systems in the terrestrial environment 
(Nair 2001; Blanckaert et al. 2004; Kumar and Nair 2004; 
Sanyé-Mengual et al. 2018).

However, in the current scenario, in addition to climate 
change, these traditional homegardens are subject to rapid 
urbanization and increased economic activities that caused 
many changes to these ecosystems in well-developed city 
regions worldwide. To meet future challenges of land and 
water scarcity, biodiversity loss, emission of greenhouse 
gases and to ensure food security as a result to adverse 
fallouts of climate change, future mitigation efforts and 
adaptation strategies are essential for local people with the 
active support from decision makers that necessitate further 
attention (Murthy et al. 2013). Moreover, urban researchers 
and practitioners have been thinking carefully about how to 
create and manage green spaces that support native species 
diversity, ecological processes (e.g., stormwater infiltration 
and decomposition), and ecosystem services under an ecol-
ogy for the city framework (Grove et al. 2016). In order to 
identify such strategies, it is vital to analyze quantifiable 
estimates of tropical homegardens ability to various ecosys-
tem services that are important for sustainability.

The state of Kerala that lies in the Western Ghats portion 
(global biodiversity hotspot) of southern India (Myers et al. 
2000), is one of the tropical regions where homegardening 
has been a part of the culture for centuries and is still critical 
for the local economy and greater food security (Kumar and 
Nair 2004). Kerala recording almost 4.32 million homegar-
dens covering an area of 1.4 Mha (Kumar 2006) have been 
recognized for their ecological, social and economic sustain-
ability values (Kumar et al. 1994; Peyre et al. 2006; Unni-
than et al. 2017). Thus, homegardens play a substantial role 
in climate change mitigation and environmental amelioration 
in Kerala.

However, it may be noted that the urban populace of 
Kerala has registered a huge growth over the last decade 
as the number of towns in the State increased three times 
(Government of Kerala 2016). Kerala Economic Report 
2018 indicates that the share of urban population in Kerala 

was 47.7 per cent of the total population, representing a dec-
ade increase of 21.74 per cent between 2001 and 2011. The 
report in its 13th, 5-year plan emphasis on the issues arising 
due to fast moving urbanisation and recognizes the impor-
tance of developing appropriate strategies and programmes 
for coping up with the challenges and opportunities thrown 
up by the process of urban growth in Kerala (Government 
of Kerala 2018).

In this context, the role of home gardens in shaping the 
urban environment is addressed through the investigation 
of important ecological functions which are essential to the 
quality of community life and act as a key component of 
sustainable development. Hence the present study has been 
taken up with a vision to depict the regional role of tropical 
homegardens as a mechanism for conserving biodiversity 
and its role in carbon storage, where a paucity of informa-
tion still exist not only in Kerala but also from the Southern 
Western Ghats portion of India.

In this context, the main objectives of the present study 
are -

1. to quantify the phytosociological aspects of homegarden 
by determining species diversity, composition, structure 
and uses of trees.

2. to estimate the aboveground biomass and carbon storage 
capacity of trees in homegarden.

3. to examine the relationship and distribution of tree car-
bon with various stand variables in homegardens and 
plant groups identified.

Materials and methods

Study area

The present study was carried out in the urban region of 
Thodupuza, Idukki district of Kerala state which is situated 
in the Southern Western Ghats portion of peninsular India 
(Fig. 1). Thodupuza is a major urbanized town characterized 
by hilly terrain endowed with green vegetation. The average 
net population density of the district is 586 people/square 
kilometer  (km2) and that of Thodupuzha is 1305 people/km2. 
(DUR 2011). The average annual temperature of Thodupuza 
region is about 27.6 degrees celsius (°C) having a mean pre-
cipitation of 3713 mm (Climate-data.org 2018).

Sampling approach and analysis

Four large homegardens each having the size of 1 ha (100 × 
100  m2) were selected from the region based on the strati-
fied random procedure and tree inventory was carried out 
in this particular plot size. The flora was identified as per 
Sasidharan (2004) and Nayar et al. (2014). The investigation 
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was conducted during 2011–2012 period. The important 
quantitative analysis indicating the structural role of tree 
species (Important Value Index-IVI) was determined using 
a percentage of relative abundance, relative dominance and 
relative frequency (Whittaker 1970). Shannon–Wiener index 
of diversity (Shannon and Wiener 1949) and Pielou’s even-
ness index (Pielou 1975) were calculated using methods 
specified by Magurran (2004). Based on the interaction with 
farmers and with input from various studies (Kumar et al. 
1994; Muraleedharan et al. 2005) major uses of trees were 
identified from the garden.

The standing tree biomass (aboveground) was computed 
based on the volume, specific gravity relationship (vol-
ume of tree X specific gravity) (Ravindranath and Ostwald 
2008). This equation is generally employed to find biomass 
of trees having ≥ 10 cm dbh (diameter at breast height) 
or ≥ 30 cm gbh (girth at breast height). In order to find the 
volume of a particular tree species (≥ 10 cm dbh), species-
specific volume equation formulated by Forest Survey of 
India (FSI 1996) was used and for those species for which 
equations were not available area specific generalized vol-
ume equation developed by FSI was used in the analysis 

(Table 1). Wood specific gravity data obtained from Forest 
Research Institute (ICFRE 1996–2002) was employed for 
calculation of biomass. But for species having no specific 
gravity specified, average specific gravity was considered 
for biomass estimation (Table 1). A regression equation 
developed based on the relationship between basal area 
(cross-sectional area of the tree) and tree biomass in the 
plots (HGs) (Dadhwal et al. 2009) was taken for biomass 
estimation of trees having < 10 cm (3–9 cm) dbh. The 
belowground biomass (BGB) was estimated by multiply-
ing AGB with a factor of 0.26 which is considered as the 
root to shoot ratio (Cairns et al. 1997). An average value 
of 47% of carbon in the tree biomass is considered for 
regional level estimation of the carbon pool (Raghubansi 
et al. 1990). Hence biomass values were converted into 
carbon by multiplying biomass with a factor of 0.47. In the 
case of individual plots, the biomass and carbon tabulated 
from each species were summed up to obtain respective 
plot level (homegarden) above ground biomass and carbon 
and is stated in t-dry weight/ha. Finally the average value 
of four homegardens was thus considered as total biomass 

Fig. 1  Study area (Thodupuzha)
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Table 1  Volume equations and Specific gravity used in the study

GV general volume equation, V species specific volume equation, D diameter at breast height, H tree height
a Average specific gravity

Sl. No Tree species Volume equation Specific gravity

1 Ailanthus triphysa (Dennst.) Alston GV = 0.16948 − 1.85075D + 10.63682D2 0.22
2 Albizia lebbeck (L.) Benth. GV = 0.16948 − 1.85075D + 10.63682D2 0.55
3 Alstonia scholaris (L.) R. Br. GV = 0.16948 − 1.85075D + 10.63682D2 0.53
4 Anacardium occidentale L. GV = 0.16948 − 1.85075D + 10.63682D2 0.44
5 Areca catechu L. V = (G/4)2 × H 0.54a

6 Artocarpus heterophyllus Lam. V = 0.076 − 1.319D + 11.370D2 0.65
7 Artocarpus hirsutus Lam. V = 0.076 − 1.319D + 11.370D2 0.60
8 Azadirachta indica A.Juss. GV = 0.16948 − 1.85075D + 10.63682D2 0.56
9 Bombax ceiba L. GV = 0.16948 − 1.85075D + 10.63682D2 0.33
10 Butea monosperma (Lam.) Taub. GV = 0.16948–1.85075D + 10.63682D2 0.46
11 Carallia brachiata (Lour.) Merr. GV = 0.16948 − 1.85075D + 10.63682D2 0.55
12 Careya arborea Roxb. V = 0.014502 + 0.225928 ×  D2H 0.64
13 Carica papaya L. GV = 0.16948 − 1.85075D + 10.63682D2 0.54a

14 Caryota urens L. V = (G/4)2 × H 0.54a

15 Cassia fistula L. V = 0.066 + 0.287D2H 0.74
16 Ceiba pentandra (L.) Gaertn. GV = 0.16948 − 1.85075D + 10.63682D2 0.21
17 Cinnamomum malabatrum (Burm.f.) J.Presl V = 0.089 − 1.242 D + 9.732  D2 0.57
18 Citrus limon (L.) Osbeck GV = 0.16948 − 1.85075D + 10.63682D2 0.54a

19 Cocos nucifera L. V = (G/4)2 × H 0.54a

20 Coffea arabica L. GV = 0.16948–1.85075D + 10.63682D2 0.54a

21 Cycas circinalis L. GV = 0.16948 − 1.85075D + 10.63682D2 0.54a

22 Dalbergia latifolia Roxb. V = 0.296 − 2.829D + 12.207D2 0.66
23 Delonix regia (Hook.) Raf. GV = 0.16948 − 1.85075D + 10.63682D2 0.23
24 Erythrina variegata L. V = 0.0790 + 0.4149D2H 0.25
25 Ficus racemosa L. V = 0.0153 + 0.3856D2H 0.53
26 Ficus sp. V = 0.0153 + 0.3856D2H 0.53
27 Garcinia gummi-gutta (L.) Roxb. GV = 0.16948 − 1.85075D + 10.63682D2 0.54a

28 Hevea brasiliensis (Willd. ex A.Juss.) Müll.Arg. GV = 0.16948 − 1.85075D + 10.63682D2 0.52
29 Lagerstroemia speciosa (L.) Pers. V = 0.015 + 0.281  D2H 0.63
30 Lannea coromandelica (Houtt.) Merr. GV = 0.16948 − 1.85075D + 10.63682D2 0.61
31 Macaranga peltata (Roxb.) Müll.Arg. V = 0.296 − 2.829 × D + 12.207*D2 0.33
32 Mangifera indica L. V = 0.288 − 2.913D + 13.869D2, 0.54
33 Manilkara zapota (L.) P.Royen GV = 0.16948 − 1.85075D + 10.63682D2 0.54a

34 Moringa pterygosperma Gaertn. GV = 0.16948 − 1.85075D + 10.63682D2 0.59
35 Muntingia calabura L. GV = 0.16948 − 1.85075D + 10.63682D2 0.54a

36 Myristica fragrans Houtt. GV = 0.16948 − 1.85075D + 10.63682D2 0.54a

37 Oroxylum indicum (L.) Kurz GV = 0.16948 − 1.85075D + 10.63682D2 0.44
38 Polyalthia longifolia (Sonn.) Thwaites GV = 0.16948 − 1.85075D + 10.63682D2 0.60
39 Psidium guajava L GV = 0.16948 − 1.85075D + 10.63682D2 0.54a

40 Pterocarpus marsupium Roxb. V = 0.70 − 1.295D + 9.429D2 0.67
41 Spathodea campanulata P.Beauv. GV = 0.16948 − 1.85075D + 10.63682D2 0.54a

42 Spondias pinnata (L. f.) Kurz GV = 0.16948–1.85075D + 10.63682D2 0.54a

43 Stereospermum tetragonum DC. GV = 0.16948 − 1.85075D + 10.63682D2 0.60
44 Swietenia macrophylla King GV = 0.16948 − 1.85075D + 10.63682D2 0.60
45 Syzygium cumini (L.) Skeels GV = 0.16948 − 1.85075D + 10.63682D2 0.54a

46 Syzygium jambos (L.) Alston V = 0.0238 + 0.41681  D2H 0.54a

47 Tabernaemontana alternifolia L. V = 0.0790 + 0.4149D2H 0.48
48 Tamarindus indica L. GV = 0.16948 − 1.85075D + 10.63682D2 0.74
49 Tectona grandis L.f V = 0.086 + 5.641D2 0.62
50 Thespesia populnea (L.) Sol. ex Corrêa GV = 0.16948 − 1.85075D + 10.63682D2 0.98
51 Xylia xylocarpa (Roxb.) Taub. V = − 0.014 + 0.289D2H 0.71
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and carbon density of the homegarden ecosystem and is 
expressed in t-dry weight/ ha wth standard error (SE).

Results and discussion

Phytosociological analysis of homegarden

In the study, altogether 992 trees from 66 species belonging 
to 31 families were enumerated from the selected 4 homegar-
dens (Tables 2 and 3). Average dbh, height and basal area 
(cross-sectional area of a tree) of the trees were found to be 
20.42 ± 2.25 cm (range 16.20–25.66 cm), 9 ± 0.47 m (range 
8–10 m), 10.01 ± 0.67  m2 (range 8.44–11.71  m2) respec-
tively (Table 2). However, there are reports on the wide vari-
ation in ecological characteristics of homegardens both in 
different geographic/eco-climatic regions and within a given 
region (Pandey et al. 2007). Although many factors were 
involved it, size of homegarden is one such important factor 
that makes a difference in the species assemblages in differ-
ent systems (Kumar and Nair 2004). Moreover, these varia-
tions especially due to garden size make it difficult in com-
paring results of the present study with other inventories.

Species richness

The number of species varied between different homegar-
dens and ranged from 23 to 35 with a mean of 30.75 ± 3.2 
(Table 2). Combining all the plots, a total of 66 species 
were enumerated from the homegardens of Thodupuza. 
An investigation by Rugalema et al. (1994) registered 53 
species from the homegardens of Tanzania whereas 60 tree 
species were noted from the Mexican homegardens (Guil-
laumet et al. 1990). In the Indian sub-continent, Shastri et al. 
(2002) observed 68 tree species from the homegardens of 
Karnataka. In Meghalaya comparatively higher value of 
187 species in homegardens of War Khasi community were 
reported by Tynsong and Tiwari (2010). In the present study, 
the number of species from the homegardens of Thodupuza 
were found to be comparable with the range of species 
(30–208 species) reported from the Kerala homegardens by 
different researchers (Kumar et al. 1994; Kumar 2011). The 

result clearly indicates that homegardens are not scarce in 
species richness but may change in tune with the interest of 
farmers.

Tree density

In the case of tree density, the results (Table 2) were found 
slightly higher and consistent with the range of values 
(76–319 trees/ha) reported by most of the earlier studies in 
other regions of Kerala, India (Kumar et al. 1994; Kumar 
2011; Kunhamu et al. 2015). However, these estimates dif-
fer vastly with the findings of several works in the north 
east portion of India. Devi and Das (2012) from Assam, 
Islam et al. (2014) and Jaman et al. (2016) from Bangladesh 
and have reported the occurrence of larger number of trees 
per hectare from these regions. Fairly high tree density in 
north east India compared to southern portion reflects the 
vast regional differences in plant density among homegar-
dens across the tropics (Kunhamu et al. 2015). Variations in 
tree density can also be attributed to the non-static nature 
of homegardens in response to socio-economic dynamics 
(Peyre et al. 2006).

Endemism, Important Value Index (IVI) and exotics

Among the species identified, 4 species were found to be 
endemic which include Artocarpus hirsutus, Cinnamomum 
malabatrum, Tabernaemontana alternifolia and Litsea 
quinqueflora (Table 3). The occurrence of endemic species 
reflects biogeography of the area, center of speciation and 
adaptive evolution (Nayer 1996). Among the 4,679 species 
of flowering plants estimated in Kerala, 1637 are endemic 
to Southern Western Ghats of which 263 are reported to 
occur only in Kerala (Sasidharan 2004). On the conserva-
tion point of view, species like Dalbergia latifolia and Cycas 
circinalis found in the homegardens comes under vulnerable 
and endangered categories as per the International Union for 
Conservation of Nature (Asian Regional Workshop 1998; 
Varghese et al. 2010) (Table 3). This calls for imminent and 
stringent conservation strategies to avoid further extinction 
of above-said species and to conserve their natural habi-
tat status. Four species (Tectona grandis, Cocos nucifera, 

Table 2  Species richness, 
tree density, stand structure 
and diversity indices from the 
homegarden (HG)

Variables HG-1 HG-2 HG-3 HG-4 Average Total (4 ha)

Species richness (Number of species/ha) 35 28 37 23 30.75 ± 3.22 66
Tree density (Number of trees/ha) 325 191 301 175 248 ± 37.99 992
Average dbh (cm) 17.20 22.63 16.20 25.66 20.42 ± 2.25
Average height (m) 9 10 8 10 9 ± 0.48
Total basal area  (m2 /ha) 10.17 9.71 8.44 11.71 10.01 ± 0.68 40.03
Shannon–Wiener Index 2.73
Evenness Index 0.66
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Table 3  List of tree species and other related parameters from the homegarden

Sl No Botanical Name Family Relative 
density 
(%)

Relative 
frequency 
(%)

Relative 
dominance 
(%)

IVI (%) Uses Status

1 Adenanthera 
pavonina L.

Leguminosae 0.10 0.80 0.00 0.30 12, 13, 15 Exotic

2 Ailanthus triphysa 
(Dennst.) Alston

Simaroubaceae 1.71 3.20 2.61 2.51 1, 13, 16

3 Albizia lebbeck (L.) 
Benth

Leguminosae 0.10 0.80 0.20 0.37 3, 4, 5, 6, 15

4 Alstonia scholaris 
(L.) R. Br.

Apocynaceae 0.30 0.80 0.02 0.37 1, 13, 15

5 Anacardium occiden-
tale L.

Anacardiaceae 0.91 2.40 0.53 1.28 2, 13, 16 Exotic

6 Areca catechu L. Arecaceae 6.44 2.40 1.96 3.60 12, 13, 16
7 Artocarpus hetero-

phyllus Lam.
Moraceae 9.26 3.20 13.18 8.54 1, 2, 3, 4, 13

8 Artocarpus hirsutus 
Lam.

Moraceae 10.06 3.20 14.51 9.26 1, 2, 3, 4, 13 Endemic to the 
Southern Western 
Ghats

9 Averrhoa bilimbi L. Oxalidaceae 0.20 1.60 0.02 0.61 2, 8, 13 Exotic
10 Azadirachta indica 

A. Juss.
Meliaceae 0.60 2.40 0.12 1.04 11, 13, 14, 16

11 Bauhinia purpurea L. Leguminosae 0.20 0.80 0.00 0.34 4, 13, 15 Exotic
12 Bombax ceiba L. Malvaceae 0.10 0.80 0.13 0.34 1, 4, 16
13 Butea monosperma 

(Lam.) Taub.
Leguminosae 0.30 0.80 1.70 0.93 1, 4, 8, 10, 12

14 Carallia brachiata 
(Lour.) Merr.

Rhizophoraceae 0.10 0.80 0.15 0.35 1, 13

15 Careya arborea 
Roxb.

Lecythidaceae 0.20 0.80 0.68 0.56 1,13

16 Carica papaya L.a Caricaceae 1.01 1.60 0.36 0.99 2, 9, 13 Exotic
17 Caryota urens L. Arecaceae 0.60 1.60 1.96 1.39 1, 2, 3, 13, 15
18 Cassia fistula L. Leguminosae 0.10 0.80 0.11 0.34 1, 12, 13
19 Ceiba pentandra (L.) 

Gaertn.
Malvaceae 0.20 1.60 0.30 0.70 1, 13 Exotic

20 Cinnamomum mala-
batrum (Burm.f.) 
J. Presl

Lauraceae 0.50 2.40 0.17 1.02 13, 16 Endemic to Southern 
Western Ghats

21 Citrus limon (L.) 
Osbeck

Rutaceae 0.10 0.80 0.02 0.31 2, 12, 13, 16 Exotic

22 Cocos nucifera L. Arecaceae 19.11 3.20 22.35 14.89 1, 2, 4, 
7,11,12,13,15,16

23 Coffea arabica L.a Rubiaceae 1.31 2.40 0.10 1.27 2, 13, 16 Exotic
24 Croton tiglium  La Euphorbiaceae 0.20 0.80 0.02 0.34 15 Exotic
25 Cycas circinalis L.a Cycadaceae 0.20 0.80 0.60 0.53 2, 13, 15, 16 Endangered-IUCN
26 Dalbergia latifolia 

Roxb.
Leguminosae 0.30 0.80 0.70 0.60 1, 13, 16 Vulnerable-IUCN

27 Delonix regia 
(Hook.) Raf.

Leguminosae 0.10 0.80 0.17 0.36 13, 15, 16 Exotic

28 Dypsis lutescens (H. 
Wendl.) Beentje 
and J. Dransf.

Arecaceae 0.20 0.80 0.01 0.34 15

29 Erythrina variegata 
L.

Leguminosae 0.70 1.60 0.23 0.85 13, 16

30 Ficus racemosa L. Moraceae 0.10 0.80 0.11 0.34 13, 15
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Table 3  (continued)

Sl No Botanical Name Family Relative 
density 
(%)

Relative 
frequency 
(%)

Relative 
dominance 
(%)

IVI (%) Uses Status

31 Ficus sp. Moraceae 0.10 0.80 0.09 0.33 13, 15
32 Garcinia gummi-

gutta (L.) Roxb.
Clusiaceae 0.20 1.60 0.04 0.61 1, 2, 13

33 Gliricidia maculata 
(“Humb., Bonpl. & 
Kunth”) Steud.

Leguminosae 0.30 1.60 0.03 0.65 3, 4, 5, 13, 16 Exotic

34 Hevea brasiliensis 
(Willd. ex A.Juss.) 
Müll.Arg.

Euphorbiaceae 1.51 1.60 0.23 1.11 1, 4, 9 Exotic

35 Lagerstroemia spe-
ciosa (L.) Pers.

Lythraceae 0.30 0.80 0.42 0.51 1, 4, 13

36 Lannea coromandel-
ica (Houtt.) Merr.

Anacardiaceae 0.10 0.80 0.03 0.31 1, 13

37 Litsea quinqueflora 
(Dennst.) Suresh

Lauraceae 0.10 0.80 0.01 0.30 13 Endemic to Southern 
Western Ghats

38 Macaranga peltata 
(Roxb.) Müll.Arg.

Euphorbiaceae 0.40 2.40 0.27 1.02 1, 8, 15, 16

39 Magnolia champaca 
(L.) Baill. ex Pierre

Magnoliaceae 0.10 0.80 0.01 0.30 1, 13, 15

40 Mangifera indica L. Anacardiaceae 4.02 3.20 2.97 3.40 1, 2, 4, 13, 16
41 Manilkara zapota 

(L.) P.Royen
Sapotaceae 0.50 2.40 0.22 1.04 2, 13 Exotic

42 Mimusops elengi L. Sapotaceae 0.10 0.80 0.01 0.30 1, 13
43 Moringa ptery-

gosperma Gaertn.
Moringaceae 1.21 2.40 0.58 1.40 2, 3, 11, 13, 16

44 Morus alba L. Moraceae 0.10 0.80 0.02 0.31 2, 10, 13
45 Muntingia calabura 

L.
Muntingiaceae 0.10 0.80 0.00 0.30 13 Exotic

46 Murraya koenigii (L.) 
Spreng.

Rutaceae 0.20 1.60 0.02 0.61 2, 13 Exotic

47 Myristica fragrans 
Houtt.

Myristicaceae 1.41 1.60 0.75 1.25 2,13,16 Exotic

48 Nephelium lap-
paceum L

Sapindaceae 0.10 0.80 0.00 0.30 2,13 Exotic

49 Oroxylum indicum 
(L.) Kurz.

Bignoniaceae 0.30 1.60 0.15 0.69 13

50 Phyllanthus emblica 
L.

Phyllanthaceae 0.40 0.80 0.04 0.41 1, 2, 13, 16

51 Pimenta dioica (L.) 
Merr.

Myrtaceae 0.10 0.80 0.02 0.31 2, 13 Exotic

52 Polyalthia longifolia 
(Sonn.) Thwaites

Annonaceae 0.70 1.60 0.54 0.95 13, 16 Exotic

53 Psidium guajava L. Myrtaceae 1.51 3.20 0.35 1.68 2, 13 Exotic
54 Pterocarpus marsu-

pium Roxb.
Leguminosae 0.10 0.80 0.14 0.35 1, 13

55 Spathodea campanu-
lata P.Beauv.

Bignoniaceae 0.20 1.60 0.03 0.61 15, 16 Exotic

56 Spondias pinnata (L. 
f.) Kurz

Anacardiaceae 0.20 0.80 0.05 0.35 2, 13

57 Stereospermum 
tetragonum DC

Bignoniaceae 0.10 0.80 0.22 0.37 13

58 Swietenia macro-
phylla King

Meliaceae 2.92 3.20 5.12 3.75 1 Exotic
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Artocarpus hirsutus, Artocarpus heterophyllus) constitut-
ing 50% of IVI were considered as the most important tree 
species in the area (Table. 3). The species with highest IVI 
were considered as the leading dominants of the community 
and are best adapted to the environmental conditions in the 
area (Jahantigh and Efe 2010). The specific needs (timber, 
food value) and the preferences of the farmers in addition 
to easily growing nature of species might have contributed 
to the greater dominance (in terms of IVI) of above four 
species in the site.

Another important characteristic feature of homegarden 
was the presence of exotic species (Table 3). In the study 
site, 23 exotics were enumerated and these species intro-
duced either accidently or deliberately were found to offer 
economic and intrinsic benefits to the livelihood needs of 
local communities. Meanwhile Kumar and Nair (2006) 
stated that spread of aggressive exotics lead to structural 
changes in rural bioproduction systems that could deplete 
floristic diversity in the homegarden. Hence landowner’s 
access to knowledge on valuable native tree species need 
to be improved to increase indigenous species diversity on 
homegardens and possibly to replace some of the exotic 
species in the future. In general the exotics along with 
natives make homegardens interesting sites for studies on 
the domestication of plant species (Blanckaert et al. 2004). 
The present study also recommends a need to carry out total 
value assessments of homegardens by considering both posi-
tive and negative benefits of exotic species for formulating 
and implementing sustainable management alternatives that 

will allow biodiversity restoration, carbon storage and eco-
nomic sustainability.

Diversity indices

The diversity indices obtained in the study are depicted in 
Table 2. In the case of Shannon–Wiener diversity index, 
the results found to be comparable with the range of values 
(1.12–3.87) obtained in other studies conducted in differ-
ent homegardens of Kerala. (Balooni et al. 2011; Kunhamu 
et al. 2015). Observation from Bangladesh revealed Shannon 
index in between 2.99 to 3.50 (Bardhan et al. 2012). Tree 
diversity described by the Shannon–Wiener index showed 
a variation between 0.76 and 3.01 with a mean value of 
2.05 ± 0.07 from homegardens of Sri Lanka (Mattson et al. 
2015). Shannon–Wiener index of diversity of the current 
study (2.73) could be compared with tropical forest index 
values (2.6–4.8) for the Indian sub-continent as observed by 
many investigators (Visalakshi 1995; Tripathi et al. 2004). 
This confirms that diversity of homegarden is close to, 
although not as high, those of forest ecosystems even though 
it differs with function (Mohan 2004). Evenness index value 
obtained in the study is in support with the observation made 
by Kumar and Nair (2004) from the homegardens of Kerala. 
Another study from Peri-urban homegardens from south-
ern Kerala showed evenness values in between 0.83 to 0.84 
(Kunhamu et al. 2015). The evenness index reported from 
the homegarden of Thodupuza found to be within the range 
of tropical forests, between 0.64–1.34 (Sahu et al. 2012). 

Table 3  (continued)

Sl No Botanical Name Family Relative 
density 
(%)

Relative 
frequency 
(%)

Relative 
dominance 
(%)

IVI (%) Uses Status

59 Syzygium cumini (L.) 
Skeels

Myrtaceae 0.10 0.80 0.02 0.31 2, 13

60 Syzygium jambos (L.) 
Alston

Myrtaceae 1.11 3.20 0.48 1.59 2, 13, 15 Exotic

61 Tabernaemontana 
alternifolia L.

Apocynaceae 0.10 0.80 0.03 0.31 13, 15 Endemic to Southern 
western ghats

62 Tamarindus indica L. Leguminosae 1.01 2.40 1.20 1.54 1, 2, 13, 16 Exotic
63 Tectona grandis L.f. Lamiaceae 23.84 3.20 27.00 18.01 1, 4, 16
64 Thespesia populnea 

(L.) Sol. ex Corrêa
Malvaceae 0.30 0.80 0.49 0.53 1, 13, 16

65 Trema orientalis (L.) 
Blume

Cannabaceae 0.10 0.80 0.00 0.30 15, 16

66 Xylia xylocarpa 
(Roxb.) Taub.

Leguminosae 0.70 1.60 1.75 1.35 1, 4, 13

Total 100.00 100.00 100.00 100.00

Uses: 1. Timber and other related products 2. Food and beverages 3. Fodder 4. Fuel/Charcoal 5. Green manure/fertilizer 6. Nitrogen-fixer 7. 
Fibre/flosses 8. Glues/resins/chemicals 9. Latex 10. Apiculture/sericulture 11. Oil (essential/fatty) 12. Religious 13. Medicinal 14. Bioinsecti-
cides/repellents 15. Ornamental and 16. Other uses
a Woody shrub–In the present work they are included in the tree category
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All these diversity indices support the findings by Swift and 
Anderson (1993) that high plant diversity in homegarden 
makes these systems top among all human-made agro-eco-
systems after natural forest. In addition, these indices indi-
cate the effective conservation and sustainable management 
of the homegarden that would provide goods and services 
necessary for communities inhabiting in the rural and urban 
areas.

Uses

In analogous to other studies, current work also recorded 
numerous tree species with multiple uses from the homegar-
den both for consumption and income from marketable 
items such as coffee, passion fruit and ornamentals by the 
homegardeners (Table 3). This is indicative of the status of 
homegardens as a sustainable life support systems evolved 
as a traditional practice. Our findings also concur with other 
studies that deal with socio-economic aspects of homegar-
dens from India and other parts of the world (Kumar 2011; 
Mendez et al. 2001). Balooni et al. (2011) have also noted 
the efficiency of homegardens in complementing livelihood 
sustainability.

Biomass and carbon storage of homegarden

Biomass and carbon of different homegardens were esti-
mated and listed in Table 4. Total AGB of the home garden 
varied from 46.93 t/ha to 65.75 t/ha whereas carbon ranged 
from 22.29 to 31.23 t/ha in the area. BGB estimated found 
to be in the range of 12.48–17.48 t/ha. Averaging the four 
homegarden biomass (combining the AGB and BGB) and 
carbon values and extrapolating into hectare area, the total 
tree biomass and carbon of the homegarden are found to be 
67.06 ± 5.49 t/ha and 31.85 ± 2.61 t/ha. Kumar (2011) made 
an attempt to compute the aboveground carbon (AGC) den-
sity of homegarden trees (> 20 cm gbh) in Central Kerala, 
India and found that the average standing density of carbon 
ranged from 16 to 36 t/ha. The AGC density of the present 
study is well within this limit. Woodlots in Palakkad dis-
trict, Kerala, India, also showed carbon density in the range 
of 7.8–163.2 t/ha, implying that profound species-related 

variations are possible in this respect (Nair et al. 2009). The 
results obtained in the study are comparable with studies 
in Sri Lanka (Mattson et al. 2015) and Philippines (Labata 
et  al. 2012). The study conducted in homegarden from 
Gunugo watershed at Wolayitta zone in Ethiopia estimated 
the amount of carbon stored in tree biomass as 6.63 t/ha 
(Bajigo et al. 2015).

However, the values obtained in the current investigation 
are lower than the values reported from the tropical wet for-
est of India (Baishya et al. 2009; Mohanraj et al. 2011; Deva-
giri et al. 2013). This is presumably because the forest is 
more or less untouched natural system with larger trees and 
minimal disturbances whereas homegardens are managed 
human landscape with severe disturbances such as tillage, 
manual weeding and removal of trees, all of which affect 
the process of carbon accumulation (Kumar and Nair 2006).

Species‑wise contribution of carbon storage and its 
relationship with other tree variables

Here, home gardens with trees having ≥ 10 cm dbh were 
considered for determining the dominant carbon storing spe-
cies. For this, all the homegardens were combined (Total 
area–4 ha) and species-specific volume and specific grav-
ity relationship was used for this category to compute the 
biomass carbon. Whereas in the case of trees with < 10 cm 
diameter, regression equations were employed to estimate 
carbon, hence it was not possible to find out species-specific 
carbon in this range of trees. Among the 47 species iden-
tified from the class of ≥ 10 cm diameter, species Tectona 
grandis had carbon storage of 22% followed by Artocarpus 
hirsutus (18%), Cocos nucifera (18%) and Artocarpus het-
erophyllus (16%). From this estimate, it was understood that 
these four species store substantial portion of carbon (74%) 
in their biomass making a prominent carbon storing spe-
cies in the homegarden system of Thodupuza (Fig. 2). The 
greater carbon storage in these four species may be attrib-
uted to the role played by tree density and sufficient size of 
these species in the region. This is further clarified through 
correlation analysis revealing the relationship between car-
bon and other tree variables (tree density and basal area). By 
considering all the species (by taking all 47 species together 

Table 4  Biomass and carbon 
density of the homegarden

Variables HG-1 HG-2 HG-3 HG-4 Average Total

Total aboveground tree biomass (t/ha) (1) 50.76 48.42 46.93 65.75 52.97 ± 4.33 211.86
Total aboveground tree biomass carbon (t/ha) 24.11 23.00 22.29 31.23 25.15 ± 2.06 100.63
Total belowground tree biomass (t/ha) (2) 13.50 12.88 12.48 17.48 14.09 ± 1.15 56.35
Total tree biomass (t/ha) (1 + 2) 64.26 61.30 59.41 83.24 67.06 ± 5.49 268.21
Total tree biomass carbon (t/ha) 30.52 29.12 28.22 39.54 31.85 ± 2.61 127.4
Total tree biomass of homegarden (t/ha) 67.06 ± 5.49
Total tree biomass carbon of homegarden (t/ha) 31.85 ± 2.61
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from 4 plots) in the homegarden and examining the relation-
ship, the analysis found that tree carbon had a strong positive 
correlation with tree density  (R2 = 0.85, p < 0.001) and basal 
area  (R2 = 0.96, p < 0.001) (Fig. 3 a, b). This further estab-
lishes our conjecture that tree size (basal area) and stand 
density is having a significant role in maintaining species-
wise carbon within the system. Aboveground carbon storage 
considered to be the important indicator of forest structure, 

can be indicated by the relationship between tree density 
and tree size (Nagendra 2012). Furthermore, our present 
understanding of these relationships can help to decide what 
species and species combinations are the most suitable for 
maximizing carbon sequestration.

Plot (HG)‑wise correlation between carbon and other tree 
variables

Plot (HG)-wise relationship between carbon and other tree 
variables by combining all the trees in each plot (≥ 3 cm 
dbh) showed that tree carbon had a strong positive relation-
ship with basal area in the site (Fig. 4a). Since basal area Fig. 2  Species-wise (top 4 from 66 species having > 10 cm dbh) con-

tribution of carbon storage recorded from the homegarden covering 4 
ha area)

Fig. 3  Relationship between carbon vs. vegetation parameters in 47 
species (≥ 10  cm dbh) a carbon vs. tree density b carbon vs. basal 
area

Fig. 4  Plot-wise (4 plots with 1 ha area) relationship between carbon 
and vegetation parameters (a) carbon vs. total basal area (b) carbon 
vs. tree density (c) carbon vs. species richness
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integrates the effect of both the number and size of trees, it is 
considered as a surrogate for biomass and carbon (Burrows 
et al. 2000; Ali et al. 2014). Therefore a change in the total 
stem area occupied by the tree during growth strongly affects 
the C density of the system. Apart from this, researchers 
from India and abroad had also indicated the positive rela-
tionship between carbon and basal area especially from for-
est areas (Slik et al. 2010; Chaturvedi et al. 2011).

Unlike in early observation (species-wise) (Fig.  3a) 
where a strong positive correlation was observed with tree 
density, plot (HG)-wise analysis indicated a weak negative 
relationship between carbon and tree density (Fig. 4b). This 
might be due to the inclusion of more young trees (3 cm 
to 9 cm dbh) in the homegarden that may have swayed the 
overall relationship. In the present study, the dominance of 
young trees is having a pivotal role in shaping the overall 
tree density of homegardens (Fig. 5). Therefore the contri-
bution of tree density towards carbon storage may not be 
encouraging which may leads to weak or poor relationship 
in homagarden.

The result also implies that the increase in tree density 
does not guarantee a corresponding increase in carbon more-
over the ecosystem indicator, such as carbon density, is not 
determined solely by the number of trees, but are more likely 
to be determined by the size characteristics of the tree spe-
cies existing in the area. It is reported that the carbon storage 
of a tree is directly proportional to its stem size (Rutishauser 
et al. 2010; Feldpausch et al. 2011; Shirima et al. 2015), 
and therefore the total carbon of homegarden or a system is 
mainly controlled by density of large trees instead of young 
trees (low gbh) or overall tree density. According to Pra-
gasan (2020), the sum of trees in larger stem size category 
is generally influencing the total carbon storage of a forest 
compared to total tree density. Another study by Slik et al. 
(2013) that used a pan-tropical tree inventory data set from 

120 lowland tropical moist forest locations observed 70% 
of the site variation in AGB contributed mainly by the den-
sity of large trees (dbh > 70 cm) while paucity of large trees 
in Neotropical forest resulted in less carbon storage (30% 
less biomass carbon) than Palaeotropical forests. Hence the 
density of large trees having maximum tree size can be con-
sidered as major drivers of variation in AGB in an ecosys-
tem. The current finding is consistent with the idea that the 
carbon storage in tree biomass increases with gbh or dbh, 
basal area, height but not with tree density (Hui et al. 2012) 
among homegardens.

Species richness showed a moderate negative relationship 
with carbon (Fig. 4c). However, a great deal of uncertainty 
still exists in the relationship with tree diversity as most of 
the studies were unable to establish any tight link between 
diversity and carbon storage. As per Soto-Pinto et al. (2010) 
coffee agroforestry system with two shade trees had large 
carbon storage than diverse polyculture. Mandal et al. (2013) 
study from Nepal also found a weak positive relationship 
between carbon and diversity and suggests that increase in 
forest carbon density or stock doesn’t/cannot assure the bio-
diversity conservation and promotion. Henry et al. (2009) 
failed to establish any kind of relationship between carbon 
and diversity in different land uses of Kenya. However, some 
authors found that species diversity tends to have a negative 
relationship with carbon sequestration in forest ecosystem 
(Sharma et al. 2010; Zhang et al. 2011). The results of the 
current inventory are also in conformity with the above find-
ings showing the decrease in species diversity with increas-
ing carbon density. This can be due to the prominent role 
played by the morphological characteristics of species in 
determining stand carbon than diversity in these homegar-
dens (Zhang et al. 2011). Few other studies mentioned that a 
gradual increase in biomass lead to competition which may 
decrease species diversity leaving few dominant ones in the 

Fig. 5  Diametric class-wise 
distribution of carbon, species 
and tree density
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area (Keddy 2005; Healy et al. 2008). According to Horn 
(1974) succession arising out of disturbances lead to more 
number of stems, and a mix of early and late successional 
species are considered to be one of the reasons underlying 
the negative relationship between these two variables. This 
observation becomes much stronger in the case of homegar-
dens where frequent interference always exists at various 
scales. Since homegarden is a fully managed ecosystem 
there can be a species difference in terms of structure and 
composition as some tree species grows first and another is 
incorporated later based on the need and preference by the 
farmers. All these species may not have sufficient size in 
determining the carbon storage of the system. This is actu-
ally upsetting the natural balance of the ecosystem which 
will make it difficult to establish a clear pattern in the rela-
tionship of these variables in the system. Taking account 
of many factors like regeneration, succession, disturbance, 
sample size, time and region etc. a comprehensive study con-
sidering the above-mentioned factors is essential in order to 
improve our understanding of these observed relationships.

Distribution of carbon, number of trees, number of species 
and basal area with respect to diametric classes

The work also examined the variation in carbon in differ-
ent diameter classes along with other tree variables in the 
homegarden. According to Baishya et al. (2009) tree carbon 
and its distribution in different girth (diameter) class is con-
sidered to be an important factor when examining vegetation 
carbon of area. At the site, tree carbon increased with an 
increase in the dbh up to 20–29 cm before gradually decreas-
ing at greater dbh upto 70–79 cm (Fig. 5), beyond which no 
further species or trees were recorded in the homegarden.

An almost similar pattern (positively skewed) as that of C 
was observed in the case of basal area (Fig. 5). As basal area 
incorporates both number and girth of the tree, the higher 
basal area found in this particular class (20–29 cm dbh) is 
leading to maximum carbon storage in this diameter cat-
egory. Large number of trees (tree density) act as the leading 
factor for the higher basal area in this particular diametric 
class. The research also found that major portion of the basal 
area in this particular class (20–29 cm dbh) is contributed 
by Cocos nucifera (Fig. 6) compared to rest of the species 
suggesting the role played by trees of monocrop in main-
taining the carbon storage of the system. From the study it 
can concluded that the smaller or medium trees are having 
foremost role in contributing major share of carbon towards 
the total carbon storage of the homegarden unlike in forest 
where large trees (> 70 cm dbh) were found to be holding 
maximum carbon storage (Baishya et al. 2009) of the sys-
tem. This discrepancy in two systems could be due to the 
effect of selective logging of dominant species in the higher 
diameter classes for various purposes in the homegarden.

The diameter distribution of tree density (number of 
trees) has often been used to represent the stand structure 
of a forest as well as a complex agroforestry system (Khan 
et al. 1987). As observed in many other studies especially 
from forest areas, the pattern of diameter class distribution 
of number of trees descending exponentially with increasing 
dbh is considered to be the major indicator of species with 
continuous regeneration (Tripathi et al. 2004). Although 
very little information exists in the regeneration dynam-
ics of homegardens, Kumar et al. (1994) study from Kerala 
revealed a slightly skewed (positive) distribution pattern 
having the maximum number of trees in the 20–30 cm dbh 
class indicating the adequate regeneration of homegarden 
species. In accord with preceding observation the findings 

Fig. 6  Species-wise contribu-
tion (dominant species) of 
basal area in different diametric 
classes
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from the present exploration also showed that the homegar-
den found to have some kind of regeneration potential where 
the density of the trees drops with an increase in diameter 
(Fig. 5).

Apart from regeneration, the present study has a differ-
ent opinion regarding the skewed type of distribution in the 
case of tree density and carbon storage. The present research 
presumes that skewed type of distribution can also arise due 
to disturbance occurring at both stages (i.e. young stage and 
mature stage) of tree development in the homegarden. In 
the current investigation, there occurs a low density of trees 
in the < 10 cm dbh class with subsequent classes showing a 
downhill trend from 10–19 diameter class. This suggests that 
in the managed system, natural recruitment of young ones 
is very much restrained as farmers target species that serve 
multiple provisioning services such as timber, food, firewood 
etc. (De Clerck and Negreros-Castillo 2000). For the harvest 
of commercial products such as coconut, arecanut, rubber 
and other products and also to have a constant attention of 
the whole area farmers try to keep their homegarden less 
dense by removing especially younger stands of unwanted 
individuals or overcrowding individual of species like Mac-
aranga peltata, Swietenia macrophylla, Ailanthus excelsa. 
This is in line with the observation made by Saikia and Khan 
(2013) that maintenance of homegardens stands to be a one 
of the reasons for the poor survival of seedlings. Grazing 
of domestic animals will also have a strong impact on the 
structure and composition of the vegetation in the area. At 
the same time, larger trees are also extremely valuable, as 
they are harvested and converted into economic products. 
So in the case homegarden, disturbance is very evident both 
at younger as well as at a mature stage of tree development. 
Although species generation is strongly influenced by both 
natural and anthropogenic factors (Barik et al. 1996; Tripathi 
and Khan 2007), it’s the man-made interference that is act-
ing as the dominant player which is adversely affecting the 
survival of individuals of species in homegardens.

Even though the sufficient natural regeneration status of 
trees is lacking in the homegardens unlike in forest ecosys-
tems, farmers try to accommodate maximum species in rela-
tive small numbers based on the utilitarian value which they 
considered as important for their subsistence and livelihood 
in the area (Kumar and Nair 2011). This actually reflects 
the species wise distribution in different diameter classes of 
trees with maximum species noticed in the younger classes 
with respect to other large classes. The trend of decreas-
ing species with increasing diameter obtained in the present 
study (Fig. 5) is in conformity with works of Prasad et al. 
(2007) and Rajkumar and Parthasarathy (2008). When it 
comes to the selection of tree, the farmer depends on many 
factors that include economic aspects, religious and cultural 
beliefs, customs, food, environmental benefits and taboos of 
the villagers which may influence the diversity/composition 

of homegardens (Millat-e-Mustafa et  al. 1996). Market 
demand and profitability of species prompt farmers to go 
for a new species in the area (Kumar and Nair 2011). All 
these practices make the homegarden much more complex in 
terms of species diversity making it as a man-made feature, 
unlike in natural systems (Kumar and Nair 2006).

Different plant groups and carbon

As homegarden is a heterogeneous land use type with a mix 
of cultivated and native/wild species, the present study clas-
sified the entire species (≥ 10 cm dbh trees) into two main 
classes such as native and cultivated and evaluated its car-
bon holding capacity with respect to other tree parameters 
(number of tree species, tree density, dbh, height and basal 
area). The cultivated trees include plantation (monocrops), 
ornamentals and exotic species whereas natives consist rest 
of the species including wild categories. The result sug-
gests that cultivated species had verge over native species 
in almost all parameters except dbh and height (Table 5). 
This may be due to the wide variance in stand density that 
makes two groups highly distinguishable and has an impact 
on their carbon density (Table 5). In the case of cultivated 
species tree density had a prominent role in carbon storage 
along with diameter and height whereas in the case of native, 
it is the huge size of trees that is playing a vital role along 
with tree density. Huge size that incorporates both diam-
eter and height can be the reason for the carbon storage of 
native trees that found closer (eventhough it is lesser) to the 
cultivated one irrespective of their (native) low tree density. 
This once again reiterates the role played by tree density, 
diameter and height in carbon storage of trees within the 
system. However, still there is a lot of uncertainty exists 
in the carbon accumulation rates of different species or 
plant groups (native vs. cultivated) in the agroforestry sys-
tem (Nair et al. 2010). Moreover, if tree density difference 

Table 5  Observation from two major plant groups in the homegarden

Variables Native trees Cultivated Total

Number of species (No/4 ha) 27 39 66
Tree density (Number of 

trees/4 ha)
240 525 765

Average dbh (cm) 25.93 19.61
Average heigh (m) 11.15 10.36
Total basal area  (m2/4 ha) 16.35 22.73 39.08
Aboveground biomas (t/4 ha) 99.08 107.3 206.38
Aboveground carbon (t/4 ha) 47.06 50.96 98.03
Belowground biomass (t/4 ha) 25.76 27.89 53.65
Total biomass (t/4 ha) 124.84 135.19 260.03
Total biomass carbon (t/4 ha) 59.29 64.21 123.51
Total biomass carbo (%) 48 52 100
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between these two groups gets reduced or become much 
closer to one another then the dominancy in carbon accu-
mulation and also the role of underscoring factors like tree 
density, dbh, height and basal area in determining C storage 
become more uncertain in the homegarden with respect to 
these two groups. Therefore it is quite ambiguous whether 
native or cultivated would be more superior in terms of car-
bon sequestration in the homegarden. Fast growing species 
mostly cultivated may accumulate more C within a short-
term before they were harvested but slower-growing accu-
mulates more C in the long-term (Redondo-Brenes 2007). 
The researchers are of opinion that higher specific gravity 
found in slow-growing species increase carbon sequestration 
potential in long-term that constitutes longer-term sink for 
stable carbon in the form of timber, furniture, wooden crafts 
material than low wood density (specific gravity) trees used 
for short-lived purposes such as packaging cases and poles 
(Bunker et al. 2005). According to Schroth et al. (2011) high 
and long-term accumulation of biomass with the early gen-
eration of income from annual and perennial intercrops is 
considered to be the characteristic feature of agroforestry. A 
detailed analysis covering various aspects of the homegarden 
can throw light in this regard which will become beneficial 
for the designing of management strategies for these socio-
ecological systems.

Conclusion

Homegarden would be a simple and innovative approach to 
deal with the problems arising due to anthropogenic activi-
ties and unforeseen weather events that are critical to the 
functioning of the urban ecosystems. The present study 
sheds light on the importance of homegarden in biodiversity 
conservation and also in mitigating climate change for which 
solutions are being widely discussed around the world. The 
study from the homegarden system of the Thodupuza urban 
region, Kerala, India, holds significance in the current sce-
nario as the quantification tree diversity and carbon accruals 
in these systems will provide a strong basis for manage-
ment programmes prioritizing biodiversity conservation 
and maximum carbon sequestration which will strengthen 
conservation efforts in the hotspot (Southern Western Ghats) 
and thus enhancing regional contribution towards the pro-
tection of biodiversity as well as offsetting of  CO2, a major 
greenhouse gas.

Our result confirms that homegarden is a more or less 
integrated farming system which has the potential of retain-
ing more species despite the addition of many cultivated spe-
cies. This clearly indicates that this agroforestry system can 
maintain a large number of species outside their native forest 
habitat. Besides the large number native species in compari-
son to exotics, presence of endemic and vulnerable species 

in the system calls for adequate conservation strategies to 
avoid further extinction of these important species in the 
context of climate change and other land disturbances. The 
diversity indices obtained in the study suggest that among 
all managed agroecosystems, homegarden is found to be 
the most important after natural forest. From the analysis, 
it can be concluded that the biomass and carbon storage 
of the homegarden is quite substantial, which is agreeing 
with earlier works. Results also showed that species with 
high carbon accumulation rates can well be considered for 
enhancing carbon sequestration in the area. As the study 
failed to establish any tight link between carbon storage with 
species richness or density, the basal area found to be a bet-
ter predictor of carbon in the homegarden, but all relation-
ship may vary with conditions of the garden. Skewed typed 
distribution of carbon and tree density in the diameter class 
suggests the kind of disturbance happening in the system. In 
contrary to this observation the numbers of species recorded 
high in lower diameter classes with a drop in the subsequent 
higher classes indicate the interest shown by the farmers 
in planting new species. The huge difference in stand den-
sity of two groups (native vs cultivated) has an influence 
on their carbon holding capacity that results in slight domi-
nance of cultivated group over native in carbon storage in the 
homegarden. However, the data presented here support only 
a tentative conclusion, because other factors which include 
vegetation other than trees (shrub, herb, sapling and seed-
ling), deadwood, litter, soil, climatic and socio-economic 
factors might influence phytosociology and carbon storage 
capacity of the ecosystem.

By employing various kinds of plant diversity measures 
the present study tries to enhance the understanding of how 
biodiversity measures and carbon storage are related in a 
homegarden agroforestry system that are critical for the 
designing of more sustainable environmental policies and 
developmental planning in urban ecosystems. There exists 
a dearth of information regarding the relationship between 
biodiversity and carbon storage in homegarden especially 
from an urban perspective. Despite the significant environ-
mental changes that humans have caused in an urban envi-
ronment, the study shows that homegardens still contain 
many plant species and forms that possess the potential to 
provide and influence various ecosystem services includ-
ing carbon sequestration. However, that does not assure the 
simplistic assumption that higher biodiversity leads to more 
biomass especially in a managed agroforestry systems like 
homegarden. Future studies considering various aspects may 
provide further details  into the role of homegarden systems 
in biodiversity conservation and carbon sequestration. In 
short, results provide insights for decision-makers and the 
public to better understand the role of homegardens in con-
serving biodiversity as well as reducing atmospheric  CO2 
in the urban regions and make better management plans and 
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policies that can significantly improve environmental quality 
for these ecological sustainable systems.
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