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Introduction: Homegardens are one of the oldest agroforestry systems reported around the world. These agroforestry systems are often reported as harbingers of plant biodiversity conservation. However, a comprehensive understanding of these systems from the perspective of species level agrobiodiversity conservation is often missing.

Methodology: This study first visualizes the comprehensive role of homegardens in species level agrobiodiversity conservation and then assesses any variation in agrobiodiversity along diverse Socio-ecological Zones (SEZs) in the study site. The prominent SEZs identified in the study site were Protected Area (PA), Riverine (RI), Rural Market (RM), and Tea Estate (TE). Eight ethnic/linguistic groups were also identified at the study site. Agrobiodiversity inventorying of 192 homegardens from 16 villages was done.

Results: The results of the study highlight that homegardens in the study site have high species level agrobiodiversity concentration (101 total tree species reported, 39.58% of homegardens (HGs) had more than 10 varieties of vegetables, 68% had atleast one variety of bamboo, 76% had atleast one banana variety, 20.83% had pond). A total of 64% of HGs had livestock and around 85% had poultry. Moreover, this agrobiodiversity distribution also varied along different SEZs. The livestock diversity indices ranged from 0.49 (TE) to 1.04 (PA). The average plant diversity among homegarden was found to be in the range of 1.09 (PA) to 1.48 (TE) for Shannon, 0.45 (PA) to 0.66 (TE) for Simpson, 0.31 (PA) to 0.71 (TE) for Pileou evenness and 2.39 (PA) to 2.76 (RM) for Margalef. The plant composition reflected the dominance of the food species i.e. an average of 37% in each SEZ. Sorenson similarity index among different SEZs for plant and livestock was found to be highest between the HGs of the PA and RM (0.82). Among the ethnic/linguistic groups, the highest mean number of plant species (51) was found among the Mishing tribe. Also, high similarity index (0.78) was found in plant and livestock composition among the Mishing and the Bodo tribes.

Discussion: The findings imply that HGs exemplify diversified and integrated systems, showcasing their potential to play a crucial role in the development of sustainable food systems.
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1 Introduction

Agrobiodiversity, or Biodiversity for Food and Agriculture (BFA), is defined as a subset of biodiversity that relates to agriculture and food production (FAO, 2019). Agrobiodiversity can be broadly defined at three levels, i.e., genetic, species, and ecosystem levels (FAO, 2004). At a time when agrobiodiversity loss from the agricultural landscape is a major concern (Pilling, 2019), an integrated food system that can also help in agrobiodiversity conservation is of interest to one and all (IFPRI, 2021). Homegarden agroforestry, which is one of the earliest systems of food production both in tropical and temperate countries (Kumar and Nair, 2006; EURAF, 2021; Sharma et al., 2022), is also often referred to as the system that can also play an important role in agrobiodiversity conservation (Galluzzi et al., 2010; Galhena et al., 2013). An attempt to link homegardens for agrobiodiversity conservation has been reported from around the world (Wiehle et al., 2014). However, a comprehensive description of all species-level agrobiodiversity and management practices in homegardens (HG) has been scarcely reported. For example, though HG is often reported as a very important type of agrosilvopastoral system (FAO, 2015; Nair et al., 2021), the literature mentioning characteristic livestock species in HGs is limited (Soler et al., 2018). This study, by analyzing the species-level agrobiodiversity of all components of HG, including livestock and diverse management practices, along with major challenges faced in homegardening, tries to fill in this gap. Furthermore, taking on the framework of socio-ecological systems, which, as defined by Ostrom (2009) and Berkes et al. (2000) consist of social and ecological systems, this study tries to draw inferences on how HG structure and agrobiodiversity distribution are influenced by them.

HGs of Brahmaputra Valley, situated in the north-eastern state of Assam in India, were analyzed in this study. This part of the Brahmaputra Valley lying in the north-eastern state of India, i.e., Assam, was selected as the study site as it reports among the highest number of HGs (Sharma et al., 2022). In addition, according to an ICAR report, there are about 6.4 million HGs in Assam, which is about 85% of the total households in the state (Barua et al., 2019), making it a crucial land management practice in the region. In addition, specifically, Sonitpur district in the Brahmaputra Valley of Assam was chosen for this study because of its location in the foothills of the Eastern Himalayas and the occurrence of diverse types of habitations with different social and ecological structures juxtaposed to each other (Srivastava et al., 2002), which makes it an ideal location to perform a comparative study based on the SES framework. Although the National Bureau of Soil Survey and Land Use Planning, Nagpur, based on soil, bioclimatic, and physiographic features (Sehgal et al., 1992), classified Assam and the adjoining areas into warm humid to per humid (Assam and North Bengal Plains) and warm per humid (North Eastern Hills, Purvanchal) agro-ecological regions, detailed socio-ecological classification schemes are not available for this region. With the help of suggested literature, satellite data, and land holding patterns, we classified the study site into four major socio-ecological zones (SEZs). These SEZs were protected areas (PA), riverine (RI), rural market (RM), and tea estate (TE). Moreover, though the major objective of the study was to analyze the role of homegarden in agrobiodiversity conservation, it also tries to compare and contrast the agrobiodiversity pattern in HG situated in diverse SEZs and also among the major ethnic/linguistic groups in the study. The main hypothesis of the study is that the PA HG would have a large size and high plant and livestock diversity as they are situated away from the major commercial areas and close to the forest. HG in RI zones would be more disaster-prone as these areas are periodically flooded; HG in RM would represent more modern trends in homegardening and TE HG represents the very small HGs with a restricted and limited scope of expansion. HGs are often the personal space maintained by individuals based on their cultural beliefs, needs, and traditions (Mazumdar and Mazumdar, 2012).

Therefore, we also looked into the comparative assessment of HGs belonging to different ethnic/cultural groups inhabiting our study area. And hypothesize that tribal HGs would have more agrobiodiversity concentration as compared to the non-tribal ones. This study has two major contributions: first, it will enable policymakers to make decisions regarding the importance of HGs as diversified, integrated, and conservation-based agriculture systems for all. Secondly, it would help in better policy formulation for all major types of HGs lying in varying SEZs and ethnic/linguistic groups. Understanding the comprehensive agrobiodiversity composition of homegardens would not only help in their better conservation but could also support efforts in the direction of developing sustainable food systems.



2 Methodology


2.1 Study area

The location of the study is the Brahmaputra Valley in Assam. The Brahmaputra valley has a total drainage area of 580,000 km2 (Debnath et al., 2023) and encompasses an area of 70,634 km2 in Assam (GOA, 2023). For this study, we specifically focused on the Sonitpur district of Assam, which is part of the northern bank plains of the Brahmaputra (Chaturvedi et al., 2021). Apart from its location in the foothills of the Eastern Himalayas and the occurrence of diverse types of habitations (Srivastava et al., 2002), this district of Sonitpur is categorized as highly vulnerable to climate change (Ravindranath et al., 2011), which was one of the design criteria. The erstwhile Sonitpur district, with an area of 5,105 km2 (Srivastava et al., 2002), was, however, bifurcated around the same time when this study was planned (between May 2021 and April 2022). Hence, the new Sonitpur district with an area of 2,109 km2 (Assam, 2022) was selected for this study.

For demarcating different SEZs, we first performed a Land Use and Land Cover (LULC) classification using the satellite images Sentinel 2 (10 m resolution) of 19 November 2020 (less cloud cover) using the supervised classification (Campbell and Wynne, 2011) in ArcGIS version 10.8. The major land use types identified were river, protected/plantation area, builtup/settlement area, and arable land. Based on field verification (December–February 2020) and further literature review (Srivastava et al., 2002; NRSC, 2019; Chaturvedi et al., 2021; Mahato et al., 2021), four prominent SEZs, i.e., PA, RI, RM, and TE, were demarcated. The PA in the study site refers to three major classes, viz., the national parks (IUCN Category II), the wildlife sanctuary (IUCN Category IV), and the reserve forest (forests accorded a certain degree of protection according to the Indian Forest Act 1927) and comprises 45% of the study area (NRSC, 2019; Assam, 2022). The RI SEZs form another major dominant feature of the district, with three major rivers, i.e., Brahmaputra, Kameng, and Gabharu, and about 18% of the area of the district (NRSC, 2019). The TE SEZs are the areas under a larger tea estate plantation in the district. Tea cultivation started during the British colonial period in Assam, and at present, there are 799 TE in Assam and about 59 in Sonitpur district (DOTTAA, 2023). The current tea labor force in Assam is primarily composed of the descendants of people who were brought over from the areas that now constitute the tribal dominant states of Jharkhand, Orissa, and Chhattisgarh to work there during the colonial era. These individuals are now collectively referred to as tea tribes or Adivasis (Mahanta et al., 2015; DOTTAA, 2023). The cities (major built-in areas) were excluded as the study focused on HGs in rural areas. To commensurate with this, the RM zone was considered an important feature; the villages that had at least one major market a week, had facilities for banks or post offices, and were in close proximity to the National Highway (2 km) were considered as RM.

The SEZs PA, RI, and TE comprise 45, 18, and 12% of the total area of Sonitpur district (Census, 2011; Assam, 2022). A total of four replicate villages were then selected from each SEZ, i.e., 16 villages in total. The villages for PA were selected from the vicinity of Nameri National Park (Sonai Miri, Bhalukmari Pathar) and Sonai Rupai Wildlife Sanctuary (Naharani Basti Gaon, Urohiloga). These villages lie on the fringes of PAs (up to 5 km from the PA).

For RI, the villages on the bank or 2 km from the bank of the Brahmaputra River (Sithalmari, Bhomoraguri, Siddeswari) and Kameng or Jia Bharali River (Tow Bhanga) were selected. The villages were selected based on the number of flooding days that they experienced, i.e., a minimum of 60 days. The RM villages were selected based on the classification scheme mentioned earlier, and care was taken to select them from distinct blocks of the district (i.e., Pitha Khowa: Block—Tezpur; Thelamara Ghat: Block—Dhekiajuli; Jamugurihat: Block—Naduar; and Goraimari: Block—Balipara).

The TE-based (inside and around TEs) villages representing the distinctness of the eastern (i.e., Dhekialuji and Singri) and western parts (Phulbarie and Addabarie) of the district were selected for the study. This LULC classification scheme and the villages selected for the HG study are represented in Figure 1. While selecting the villages, it was made sure that they represented distinctive features of the district, i.e., they were selected from different blocks and along different directions. All the villages except the TE villages were revenue villages; the TE villages are generally the inhabitations inside the TE owned by the plantation companies, where respective company rules are followed (Mahanta et al., 2015). The permission to do the agrobiodiversity survey in all these villages was obtained from the District Collector of Sonitpur District. Permission was also obtained from the individual homegardeners in a consent form before participating in the study.
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FIGURE 1
 Description of the study site.




2.2 Determining the sample size

The sample size of households in each village was determined using the following formula (Corvar, 1974; Abdoellah et al., 2020):

[image: image]

where n is the total number of samples, N is the population size, zy is the normal distribution in y quantile, π is the proportion of sub-population, and δ is the margin of error. According to the 2011 Census, there are 352,647 rural households in the erstwhile Sonitpur district. Assuming a 7.1% margin of error and a 95% confidence level, 191 households in 16 villages—approximately 192 were surveyed to ensure that the households were distributed equitably among the villages. With 48 villages per SEZ, 12 households per village were selected using the probability sampling technique of simple random sampling. At first, the map of the village with the major feature was obtained from the Gaon Bura (village head). Then the households were randomly selected, starting from one cardinal direction and entering the village.



2.3 Data collection methods

Agrobiodiversity inventorying was performed by field visits (Avilez-López et al., 2020) between March 2022 and April 2023. For agrobiodiversity inventorying, the questionnaire was administered to the landowners of the HGs, and where they were not present, the questions were asked of the person responsible for most managerial decision-making in the HG (43% of the respondents were women). In addition, a questionnaire method was used to understand the general economic status, management practices followed, challenges in homegardening, and future plans for HGs. Apart from HGs attached to the residential plots, some respondents maintained land parcels away from the households too. However, considering the standard definition of the term (Kumar and Nair, 2004; Galhena et al., 2013), we considered only the cultivation practices within the fenced area of the households or very near the dwelling units. Das and Das (2005) reported that the average size of HGs in Assam ranged from 0.02 ha to 1.20 ha. However, in TE, where the average size of each worker’s quarter is 0.04 ha (Kar, 1984; Ahmmed and Hossain, 2016), we considered anything larger than 0.01 ha as an HG. Since the homegardeners in Sonitpur district generally used separately designated spaces within the HGs for the cultivation of vegetables, cereals, ornamentals, medicinal bamboo, boundary plants, plantation crops (e.g., Betel Nut [Areca catechu], Teak [Tectona grandis], Tea plant [Camellia sinensis], Rubber tree [Hevea brasiliensis], etc.), and livestock, we adopted whole-plot sampling and counted all plant and livestock species and their relative distribution in the HGs (Poot-Pool et al., 2012). All tree and shrub species having diameter at breast height (DBH) of 10 cm or more were enumerated. Since deliberate cultivation of vegetable crops and other herb species was done in land parcels assigned to these crops, their area was measured, and the name and type were noted. The names of various ornamental plants, climbers, and medicinal plants were recorded along with their frequency of occurrence. Homegarden age was recorded as stated by the respondent, which was cross-checked with the village head. The ethnicity/linguistic group to which particular homegardeners belonged was noted based on how they identified themselves and also as per the ethnicity classification given in the Census (2011).



2.4 Data analysis

Plant species diversity for each HG was computed using the Shannon diversity index.
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where [image: image] is the proportion of individuals belonging to a specific species determined by dividing the count of individuals from that species (n) by the total number of individuals observed (N). In this context, ln represents the natural logarithm, Σ denotes the summation of these calculations, and S represents the total number of species (Shannon, 1963).

Dominance index (Cd)
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where [image: image] is the proportion of individuals belonging to a specific species determined by dividing the count of individuals from that species (n) by the total number of individuals observed (N) following Simpson (1949).

The species evenness was calculated using the Pielou evenness index using.
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where H is the Shannon index, and S is the total number of species (Pielou, 1969).

Species richness was calculated using the Margalef Index.
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where S is the total number of species, N is the total number of individuals, and ln is the natural logarithm (Margalef, 1958). The data for herb, shrub, and tree components were pooled to perform the above computations. Apart from the plant diversity estimate, the Margalef Index was also used to estimate the livestock diversification index (Mekuria and Mekonnen, 2018). Whether the difference between variables of HGs of different socio-ecological types was statistically significant was tested by ANOVA followed by the Duncan multiple range test (George and Christopher, 2020). The Sorenson test of similarity (S.I.) using.
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where L is the number of species two samples have in common, a is the number of species in the first sample, and b is the number of species in the second sample was used to find the similarity between HG of different ethnicities and different SEZs. Furthermore, cluster analysis was performed on the variables Shannon Index and Livestock Diversification Index. In addition, regression and correlation coefficients were derived to understand the relationship between different variables. All the data analysis is performed in R, Excel, OriginPro2023, and PAST software.




3 Results


3.1 Structural characteristics of HGs located in different SEZs

There was a preponderance of HGs in all the SEZs evaluated (Table 1). However, a large variation in size and main purpose was noticed. The preference for different crop types based on the dominant features of the SEZs and the cultural and economic background of the respondents led to four major types of HGs in the study area. The PA-type HG, which were mostly documented from the PA, were HGs with usually large sizes (>0.5 ha) often incorporating plantation species. Here, the size ranged from 0.07 ha to 1.806 ha. These HGs also had the highest number of stems of plants greater than 10 cm DBH. In addition, they had the maximum land, i.e., 53% devoted to plantation crops like Areca catechu, Hevea brasiliensis, and Camellia sinensis, and 47.73% of HG in the PA also had ponds with as many as five varieties of fish. The majority of HGs reported here are old HGs (age > 40 years) and had designated spaces allotted to vegetables, ornamentals, plantation species, and ponds. Intercropping species like pineapple (Ananas comosus) with lemon (Citrus limon) and Areca catechu was fairly common. Seventy-nine percent of HGs had bamboo species, with almost 50% of HGs having more than one species of bamboo. Often, bamboo was planted at the end of HGs, connecting them to the field. These HGs also had a sizeable number of livestock (and a high livestock diversification index) and were also more commercialized. The major characteristics and composition of these HGs are shown in Figures 2A, 3A,B.



TABLE 1 General characteristics of villages in the study site.
[image: Table1]
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FIGURE 2
 Diagrammatic visualization of homegardens of different socio-ecological zones: (A) homegarden of protected area socio-ecological zone; (B) homegarden of rural market socio-ecological zone; (C) homegarden of tea estate socio-ecological zone; (D) homegarden of riverine socio-ecological zone.
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FIGURE 3
 Representation of general characteristics of homegardens: (A,B) large plantation spaces and multiple livestock shed in HG of PA; (C,D) vegetable species cultivation as dominant feature of riverine HG; (E,F) cultural species, i.e., orchid and GI-tagged litchi in RM HG; (G,H) TE HG being small in size support small livestock species and fencing plants.


The RI type HG majorly documented from the RI SEZs were the ones that were more prone to floods (almost 60 days), had large variations in size (ranging from 0.013 ha to 0.67 ha), often had less livestock reared, and had more preference for vegetable cultivation. Although the RI zones were vulnerable and prone to floods, homegardening was enthusiastically pursued by the farmers in this zone. In RI HG, the maximum land is for vegetable cultivation (51%). The major vegetables cultivated were okra (Abelmoschus esculentus), brinjal (Solanum melongena), potato (Solanum tuberosum), radish (Raphanus sativus), cabbage (Brassica oleracea), and cauliflower (Brassica oleracea) as shown in Figures 2D, 3C,D. In the RI zones, apart from the HGs attached to the household, the cultivation was also carried out in the Char (floodplain sediment island) areas. The most widely cultivated plants on the Char lands were jute (Corchorus olitorius), vegetables, and black lentil (Vigna mungo).

The RM type HG had a relatively average size ranging between 0.013 ha and 0.47 ha, and since RM SEZs are multigenerational old (as they are among the oldest habituated areas in the study site), even though they are reduced in size, they represent high cultural values, and they seem to have the highest concentration of culturally important species like Orchid Rhynchostylis retusa (Kopu Ful; Figure 3A); GI-tagged Citrus limon (Kaji nemu); and Litchi chinensis Sonn (Lichu; Figure 3F). In addition, almost 56% of the HGs had more than three varieties of banana. Most common among them were Musa chinensis (Jahaji Kol), Musa champa (Cheni-champa Kol), Musa assamica (Malbhog Kol), Musa paradisiaca (Kach Kol), and Musa gigantea (Bhim Kol). These all play important roles in Assamese cuisine. Vegetable cultivation and plantation were allotted approximately the same extent of land in rural market-based HG, i.e., 45 and 47%, respectively, as shown in Figure 2B. Ponds are present in 21% of RM HGs. In addition to being most proximate to the market, the species diversity was also very dominated by ornamental species.

The TE type HG was the HGs mostly documented among the TE workers were smaller (size <0.03 ha), ranging from 0.013 to 0.134 ha, had few tree species, mostly ornamental, fruit, and vegetable species, and had small places for worship and poultry or small avian species (67% of HGs) reared for meat and eggs; however, the number of large cattle reared were few (15%). In TE-based HGs, the maximum area was used for vegetable and ornamental plant cultivation, as shown in Figure 2C. Ponds were present in less than 5% of HGs in TEs. Since the homegardening area was small, it was therefore judiciously used for ornamental and vegetable cultivation, along with scattered tree species for cultural values and subsistence (Figures 3G,H).

In addition, the mean HG age is found to be 59 years in PA HG, 45 in RI zones, 47.4 in HGs adjacent to RMs, and 34.5 in the TEs. In addition, though the average age of HGs does not seem to be significantly different (p > 0.005) in each SEZ, the oldest HG of 110 years was reported from the RM locations, and the youngest of 5 years was observed in the RI as well as RM types.



3.2 Plant species composition and diversity in HGs of diverse SEZs

The plant composition in the HGs of the PA was found to be very diverse, with an average number of plant species of 43 (range 26–75). The number of plant species was found in the order PA > RM > RI > TE. In addition, the total stems of plants greater than 10 cm DBH were highest in PA and were observed in the same order. Overall, 101 tree species were identified from HGs in the study area. Areca Catechu (betel nut) was the most frequently observed tree species in all SEZs. In addition, three major species of bamboo were observed in our study area, viz., Bambusa balcooa (Bhaluka Bah), Bambusa pallida Munro (Bijuli Bah), and Bambusa nutans (Mokal Banh). Sixty-four percent of HGs surveyed had one or more species of bamboo. Moreover, four varieties of bananas were found to be cultivated, and 76% of HGs were found to have at least one variety of banana. Although diverse functional groups of plants were observed, most of the plant species obtained in the HGs of each SEZ were food plants (36.6, 45.7, 35.8, and 36.5% in the HGs of PA, RI, RM, and TE, respectively). The species classified for food include vegetables, fruits, and other edible species. Figure 4 shows the distribution of plant species in different use categories and their distribution in corresponding SEZs.

[image: Figure 4]

FIGURE 4
 Use category of different plant species in homegarden of different socio-ecological zones.


The statistical distribution of plant species diversity observations in the HG of different villages in diverse SEZs is depicted in Table 2. The Shannon diversity index was estimated to be highest at 1.48 in TE HGs and 1.44, 1.39, and 1.09 in HGs of RI, RM, and PA HG, respectively. The Simpson diversity index was also estimated at the highest values of 0.66 in TEs HG and 0.62, 0.51, and 0.45 in RI, RM, and PA HGs, respectively. The Margalef index was highest at 2.76 in RM and 2.58, 2.57, and 2.39 in TEs, RI, and PA HG, respectively. The Evenness index was highest at 0.70 in TE and 0.61, 0.40, and 0.31 in RI, RM, and PA HG, respectively. Table 2 shows that diversity indices, i.e., Shannon, Simpson, Margalef, or Evenness, were significantly different in each SEZ. However, there were no significant differences among the villages in the same SEZs except for those villages in the TE or RM.



TABLE 2 Socio-ecological zone-wise average diversity indices in homegardens.
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3.3 Livestock composition and diversity index

Livestock formed the most important part of 68% of all HGs surveyed; if we also take into consideration poultry farming and rearing avian birds for eggs and meat, this number becomes 85%. The common livestock observed in the field were Bos taurus (cattle), Bubalus bubalis (buffalo), Capra aegagrus hircus (goat), Sus scrofa domesticus (pig), and Ovis aries (sheep). In birds rearing for meat and eggs, the common birds reared were Gallus gallus domesticus (chicken), Anas platyrhyncos (ducks), and Columba livia (domestic pigeon). In addition, 20% of the homegardeners had more than one large animal. The highest average livestock variety and numbers were found in the HGs of PA (range 3–16) and least in the HGs of TE (range 1–3), shown in Table 2. A total of 21.87% of HG had a pond with an average of three fish varieties and a maximum of six varieties. The most common of them are Rohu (Labeo rohita), Catla (Catla catla), Mrigal carp (Cirrhinus cirrhosis), and Bariala (Aspidoparia morar). The SEZ with the highest number of ponds attached to HG is the PA (47.73%). The HG in the study area also reportedly had quite a high average livestock diversity index (0.67), and the PA had the highest (1.04) as shown in Table 3. Often, fodder tree species like Gmelina arborea Roxb were found to be cultivated in the HG to meet the requirements of this livestock. In addition, a small, outside, separated kitchen-like space was found to be present in almost all HGs where the food for livestock was prepared. For preparing the fodder, the fuelwood tree species cultivated in the HGs were used. Table 3 gives the agrobiodiversity distribution in different villages of diverse SEZs. The Sorenson similarity index among different SEZs for plant and livestock diversity was found to be highest between the HGs of the PA and RM (0.82) and least between the HGs of the TE and RI areas (0.58).



TABLE 3 Socio-ecological zone-wise average agrobiodiversity distribution in the study site.
[image: Table3]



3.4 HG composition and type among different ethnic and linguistic groups

In total, we encountered HG of eight linguistic and ethnic groups in the study region: the Assamese, Bodo, Bengali, Hindi Speaking, Mishing, the Gorkhalis, the Tea Tribes or Adivasis (staying outside the TEs), and the Tea Garden Workers (staying inside the TEs). Except for two SEZs, which were dominated by one ethnic group, others were more heterogeneous. The RM area is dominated by Assamese, the TE area is found to be dominated by the tea tribe, and the PA and RI are found to be dominated by a mixture of tribal and non-tribal groups. The largest size of HG was found to be in the Mishing tribe-managed HGs (0.268 ha) and the smallest size was found in the HGs of tea tribes (0.013 ha). The oldest unaltered HG was found in the RM (110 years) in the Assamese household, and the youngest HG was also found in the same zone among the Assamese household (5 years).

The average diversity indices among different ethnic and linguistic groups are shown in Table 4. The Shannon diversity index was found to be highest at 1.56 for the tea tribe. The average Simpson diversity index was also 0.66, with the highest for the tea tribe and the lowest 0.48 for Bengali. The Margalef Index was found to be highest at 3.01 for Adivasi and lowest at 2.43 for the Bengali linguistic group. This tendency to have high diversity indices in TE HG could be because there is no scope for planting plantation species because of their small size. This could be further verified from the observation that though diversity indices are higher for HGs of the tea tribe, the number of plant species observed is the least there (28).



TABLE 4 Ethnicity-wise average agrobiodiversity distribution in the study site.
[image: Table4]

The highest mean number of plant species was found in the HGs maintained by Mishing Tribe (51) followed by Bodo Tribe (42), Assamese (41), Gorkhali (40), and Adivasi (33). The highest average variety (up to 4) and several livestock (up to 8) were found to be reared in Mishing HGs. Bos taurus and Capra aegagrus hircus were found to be raised in HGs of all communities, whereas Sus scrofa domesticus was mostly reared in the tribal communities, i.e., Bodo and Mishing HGs. For poultry and bird rearing, it was noticed that Anas platyrhyncos and Columba livia were predominantly reared in the Assamese HGs, and another form of small poultry was predominantly observed in the TE HGs. Though big livestock was comparatively fewer in the TE HGs, however, they had small birds and poultry more frequently. HG age is often reported as an important characteristic that tells about diversity, usage trends, and carbon stock. The highest Sorenson similarity index among plant species of HGs of an ethnic group is between Mishing and Bodo (0.78) and the lowest between Tea Tribe and Mishing (0.41). The comparative difference in these parameters among diverse ethnic groups is shown in Table 4.



3.5 HGs as the site of conservation of endangered as well as cultural species

HGs as an important site for the conservation of both floral and faunal diversity have been mentioned in the literature (Sharma et al., 2022). Similar to the HG study (Das and Das, 2015; Barbhuiya et al., 2016), we found the critically endangered species Agarwood (Aquilaria malaccensis) to be frequently cultivated in the HGs in all three SEZs except TEs. In addition, the endangered tree species Livistona jenkinsiana Griff (Fan palm) and Mesua ferrea L. (Cobra saffron) were observed. The IUCN-vulnerable species like Canarium strictum Roxb (Black Dhup) was also observed.

Apart from these tree species, many culturally important species like the Orchid Rhynchostylis retusa (Kopo ful; Figure 3E), a very commonly used plant for the Bihu festival (majorly by the Assamese family), Euphorbia splendens (Bathou), a very auspicious tree for the Batho religion (majorly of Bodo people), and Citrus limon (frequently used in Assamese cuisine) were frequently observed. This is similar to literature that mentions HGs as the site for the conservation of culturally important species (Galluzzi et al., 2010).

In addition, unique management practices were observed in the HGs, some of them being the use of homemade biopesticide and fertilizer, mixed cropping, and the use of indigenous seeds. Moreover, the majority of knowledge exchanges for plant species selection and techniques of homegardening were family- or community-based. Only 7% of homegardeners reported having received any formal training.




4 Discussion

The findings that HGs were found to be unanimously distributed along the SEZs identified in the study site are consistent with the findings of Barua et al. (2019). They reported that a large majority of households in rural Assam (≈85%) have HGs. The results of the study reflect that the HGs of Brahmaputra Valley are important reserves of plant and livestock agrobiodiversity conservation. This further strengthens the conjecture that HGs worldwide are indeed an important reserve of plant and agrobiodiversity (Galluzzi et al., 2010; Tynsong and Tiwari, 2010). Moreover, the number of standing stock observed in the HG of the study site was quite larger than the HGs of Barak Valley in Assam (Das and Das, 2005) but was lesser than the HGs of Kerala (Kumar, 2023) and Brahmaputra Valley, Assam (Dutta et al., 2023). The lower number could be because of the smaller size classes of trees and shrubs sampled; e.g., in this study, trees and shrubs greater than 10 cm DBH were sampled, while Kumar (2023) sampled trees and shrubs above 5 cm DBH. In addition, the values of diversity indices reflect low diversity (average Shannon index = 1.35) compared to HG plant diversity being mentioned in other parts of the world and even in Brahmaputra Valley, Assam (average Shannon index = 3.48; Dutta et al., 2023). This could be because there is a trend of commercialization incorporating plantation species, especially in the HGs of PA and RM. Moreover, if we compare the species composition, the food plants consisting of vegetables, pulses, cereals, and fruiting trees were most cultivated; this is similar to HGs in different parts of the world where the maximum number of cultivated plants were for food (Vlkova et al., 2011; Panyadee et al., 2018; Whitney et al., 2018). Even in the HGs. of Assam, the food species are most commonly cultivated (Das and Das, 2005). Livestock formed an important part of all HG studies. HGs in this study also had a high livestock diversity index as well as a high livestock number. Livestock forms a very important food source for millions of people around the world, and a large amount of land and resources are often required to manage them; hence, the promotion of natural agrosilvopastoral systems like HG could help in achieving sustainability (Leroy et al., 2022).

Table 5 gives a comparative analysis of HGs at our sites with those reported in the literature. From this table, we can conclude that the features of HGs observed at the study site were similar to those reported in the literature.



TABLE 5 Comparative assessment of homegardens observed in the field to that reported in the literature.
[image: Table5]

In addition, aligned with our hypothesis, we found that PA HG is larger with high plant and livestock species. The largest size of HGs reported from the PA is also similar to that in the literature that reports the largest size of HGs from the indigenous communities, with sizes ranging from 0.045 ha to 3.517 ha (Pinho et al., 2011; Barbhuiya et al., 2016), whereas the size of HGs reported from other SEZs is not that large (Murrieta and WinklerPrins, 2009; Panyadee et al., 2016). As expected, in the RI HG, more focus was on seasonal crops and the cultivation of species that are more flood-resilient. The RI HGs observed in the field are similar to those mentioned earlier in the literature of Assam, where the maximum proportion is of vegetable species (Boruah, 2007); also, they are similar to the HGs of the Amazonian Caboclo Community, which, though smaller in size, had a significant contribution to the cultural and food needs of the community. Though these HGs are periodically washed away by floods, the community again builds them back (Murrieta and WinklerPrins, 2009).

The RM HG, as expected, is on the pedestal of both being ancient and modern and is the traditional HG that needs maximum conservation. These HGs were similar to peri-urban HGs reported from Beijing, which reported the highest number of ornamental and culturally important species (Clarke et al., 2014). The characteristics of the TE HG observed highlight that, despite being smaller in size, the HG could act as an important locus for the cultivation of chosen food and fruit species, highlighting its importance in both food security and food sovereignty. Though these TE workers’ HGs are rarely mentioned in the literature, some studies mention the plant composition (fencing plants) used in the HGs of TEs in Assam (Borkataki et al., 2008). The size and number of plant species present in the HG varied significantly (p<0.05) with both ethnicity and among diverse SEZs (Figures 5A,B).

All HG ages observed in the field except for those in the TE were found to be in the category of old HGs (Pinho et al., 2011). Often, the older HGs are described as the heralds of biodiversity conservation and carbon stocks (Kassa et al., 2022). Even from the field, we found that HG age was directly correlated with HG plant diversity (r2 = 0.73; Figure 5C). In addition, the finding that both the youngest and oldest HG are present in the RM could be because the RM is among the oldest habituated areas in the study site, hence the probability of having older gardens, but also since the commercialization and urbanization-based land fragmentation are very fast in these regions, the land holding size is decreasing. Though HG in the PA area demonstrated high livestock numbers and variety, other SEZs also demonstrated a fair share of livestock numbers and diversity.
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FIGURE 5
 (A) Plot of HG age with total plant species in HG along different socio-ecological zones; (B) plot of HG age with total plant species among different cultural and ethnic groups; (C) correlation plot between HG variables among different socio-ecological zones.


In addition, the HG structure and diversity of plants and livestock varied among different ethnic groups. The highest number of plant species reported as 51 among the Mishing tribe is higher in number than 31.58 among the Sonowal Kachari tribe in Brahmaputra Valley (Dutta et al., 2023). The higher number of plant species in the HG of tribal communities as compared to non-tribal communities reflects the fact that tribal communities are still acting as the custodians of the conservation of agrobiodiversity (George and Christopher, 2020). However, there is an exception for tea tribe workers living inside tea estates because they have a very small area for homegardening. This suggests that HGs vary not only according to linguistic or ethnic groups, but that the total SEZ features influence them more.



5 Challenges and future trends in homegardening

Though the HG in each SEZ and ethnicity was different, in each scenario they are playing a significant role in agrobiodiversity conservation. However, the structure and pattern of agrobiodiversity in HGs of all SEZs and ethnicity are undergoing major changes, with the focus being on commercialization. Almost 70% of HG surveyed had Areca Catechu plantation objectives, and 5% of HG have been converted into small-scale tea plantation units. This trend of commercialization observed was similar to those reported in Indonesian homegardens (Abdoellah et al., 2020), where cultivation of commercial crops is becoming more common. Moreover, all homegardeners in the study site seek government and institutional support for better management of their HGs. The major challenges faced by homegardeners in the study site are represented in Figure 6. We can see that almost all SEZs have the major challenge of human–wildlife conflict. This is similar to a study by Yashmita-Ulman et al. (2020), which reported that traditional HGs in the Sonitpur district are at the receiving end of the negative impacts of the human–wildlife conflict. It was also reported that though in other agroforestry systems, the wild animals were killed for meat, in HGs they are mostly chased away (82%; Yashmita-Ulman et al., 2020). Hence, homegardeners can further be given incentives to promote coexistence with wild animals. In this way, HGs could also act as a conservation hotspot for wildlife. In addition, the development of market access to the products of these homegardeners and value addition to these products can strengthen the livelihood opportunities of homegardeners (Sharma et al., 2022). The result highlighting characteristic differences observed in HG among different SEZs and ethnicities in this study suggests HG could be an important contributor toward food sovereignty.
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FIGURE 6
 Major challenges in homegardening.




6 Conclusion

The result of this study highlights that HG in the study site is indeed acting as a high agrobiodiversity hotspot. The study also further strengthens the premise that HGs are a classic example of a diversified and integrated agricultural system. Moreover, though plant and livestock diversity was found to be characteristically different in HGs of different SEZs and ethnicities, the common component among all of them was the high emphasis given on the food species. These results are crucial at a time when the search for sustainable food systems is being given high priority. Promoting an integrated and conservation agricultural system like HG can be a win–win situation for all. However, more studies are required to understand how these differences in agrobiodiversity and management practices in different SEZs and ethnicities can influence the potential of HGs to enhance food security in the region. Furthermore, incentives should be provided for the conservation of traditional HGs. In addition, institutional support is crucial for mitigating the challenges observed by the homegardeners. In addition, a major trend of commercialization was observed in the homegardens; the impact of this commercialization on agrobiodiversity and food security can be the subject of further study.
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Socio- Village Dominant Average  Domin: Average HG  Major

ecological community agricultural  feature annual annual income
zone EICE] income })  income  source
®)
Protected area Bhalukmari Assamese 171ha Nameri National 255,333 65,583 Farming
®A) Pathar Park
Naharani Basti | Gorkhali 1.77ha ‘Sonai Rupai 315416 69,725 Farming/
Gaon ‘Wildlife Sanctuary homegardening
Sonai Miri Mishing 238ha Nameri National 442,083 125,833 Homegardening
Park
Urohiloga Bodo 231ha Chariduar reserve 478333 159,583 Farming
forest and Nameri
National Park
Riverine (RT) Bhomoraguri Bengali 0.4ha Brahmaputra river 165,363 5272 Fishing
Bank
Siddeswari Bodo 1.26ha Brahmaputra river 280,000 22333 Farming
Bank
Sithalmari Gorkhali 0.7ha Brahmaputra river 230,000 37,166 Farming
Bank
Towbhanga Mishing 171ha Kameng river 400416 218 Service/farming
Bank
Rural market (RM) | Goraimari Assamese 152ha Daily market and 287818 27,909 Service
Bank
Jamugurihat Assamese 0.8ha Daily market and 260416 20,166 Service/agriculture
Bank
Pitha Khowa Assamese 202ha Daily market and 353,750 60,875 Service/agriculture
Bank
‘Thelamara Ghat ~ Adivasi 0.5ha Daily market and 125500 10770 | Agriculture
Bank
Tea estate (TE) Addabarie T Tea Tribe 0.6ha Large company 196,880 3681 Tea estate worker
owned TE,
Dhekiajuli TE | Tea Tribe Lisha Large company- 101,003 2083 Tea estate worker
owned TE
Phulbarie TE Tea Tribe 0.4ha Large company- 69511 1933 “Tea estate worker
owned TE
Singri TE, Tea Tribe 0.9ha Large company- 56,700 20,500 Tea estate worker

owned TE
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Socio-
ecological

zones

Protected area (PA)

Riverine (RI)

Rural market (RM)

Tea estate (TE)

F-value (among
socio-ecological

zones)

ANOVA with post-hoc Tukey test. Values with the same alphabet are not significantly different at the level of p-value:> 0.05. *Difference is not significant. ** Difference is significant at the 0.01

Villages No. of stems Mean Trees/|
pergarden  number of
(>=10cm plant
DBH) species per
garden

Bhalukmari Pathar 71434 3045 a2
Naharani Basti 27148 316 1,008
Gaon
Sonai Miri 14694 585
Urohiloga 13398" 37
F-value (PA) 35387 5078
Bhomoraguri 2918 1925 578
Siddeswari 30£90° 1624 98
Sithalmari 92:46° 3ae8 681
Towbhanga 27513 2947 101
F-value (RI) 10.045%% 21094
Goraimari 62519 3948° 475
Jamugurihat 61434 3845 740
Pitha Khowa 90455 4547 500
Thelamara Ghat 78435 4 431
F-value (RM) 0.989% 1533
Addabarie TE 1628 245 293
Dhekiajuli TE 103" 2044 408
Phulbarie TE IFSS 2843 412
Singri TE, 21230 254 545
F-value (TE) 14.22%% 37830

8793%4% 21916+

level. ***Difference is significant at the 0.001 level,

Average size Average age
of HG (m?/ of HG
ha) (years)

1,672725° 50+20°
22525 174 76512
7,581£3902¢ w0517
394721851 71437
9158+ 5079%
5024257 45524
1,628+ 1145 252100
14822551 67+30°
2670£1788" 40518
4445 21.09%
1307£945" 44226
8252565 41220
1800+ 176" 62£16°
181141043 44223
1905 1800
5462260" 38217
245456 31
26767 32100
37942110 36213
4nze 37830
12514%4% 2359475

Average
number of
livestock

211

86

431

1£1

241

3x1
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Socio- Villages Shannon Evenness Simpson Margalef Livestock

ecological index diversity index
Zone (Margalef)

Protected area (PA) Bhalukmari Pathar 1.01+0.43" 0.33£0.11" 0.41£0.81* 2.11£0.53" 0.77+0.24
Naharani Basti Gaon 1.07£0.36" 0.3210.17* 0.4610.18" 237+0.74° 1.18£0.23
Sonai Miri 1.03£0.39" 0.2540.10" 0.40£0.16" 2.54£0.63" 1114026
Urohiloga 1232033 035017 0512016 25540.86" 109£0.42
F-value (PA) 0.675* 1.65* 2.816* 0.467*

Riverine (RI) Bhomoraguri 1.40£0.37° 0.59£0.17* 0.60£0.15" 2290.61" 0.6610.39
Siddeswari 1.58£0.17° 0.62£0.12" 0.69+0.09" 2231043 0621032
Sithalmari 1282043 030009 0495018 2794055 0674037
‘Towbhanga 1.4840.28" 0.68+0.14" 0.69+0.19" 298+1.03 0.7240.28
F-value (RI) 1.792% 10.968** 261%* 1993

Rural market (RM) Goraimari 1.2640.47° 0.3310.11" 0.45£0.17" 2.77+0.78 0.7840.58
Jamugurihat 1.29:40.48° 0464028 0494021 2412050° 0614033
Pitha Khowa 1.30£047 0.35£0.17" 0.47£0.18" 2.77+0.63" 0.37+0.44
‘Thelamara Ghat 1.72£0.51¢ 0.4840.18" 0.64+0.17" 3.09+0.92 0.58+0.26
F-value (RM) 2.064% 1.028* 1.240% 1.734%

Tea estate (TE) Addabarie TE 1494034 0715061 066£0.15" 2352055 0594045
Dhekiajuli TE 1.98+0.46" 0.81£0.13° 0.70+0.11¢ 236+0.72 0.36+0.36
Phulbarie TE 1284056 0.91+0.10 0.82+0.10 3.3240.85" 0511042
Singri TE 1.1540.28° 0.39+0.18" 0.47+0.18" 2.30£0.64° 0511051
F-value (for TE) 5.659%% 5.119%* 7.378%* 3.474%%
F-value (among 3.434%%% e 4.577%%% 1.796%%*

socio-ecological

zone)

ANOVA with post-hoc Tukey est. Values with the same alphabet are not sgnificantly differentat the level of p-value:> .05, *Difference is not significant. **Differenceis significant at the 0.01
level. ***Difference is significant at the 0.001 level,
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cteristic

Structure

Species type

Species density

Production objective

Harvest frequency

‘Technology
Skills

General practice (in literature)

‘The size varies; usually, itis smaller than the household-owned

cropland (Brownrigs, 1985).

Each HG possesses a distinctive structure due to differences in
natural conditions. In addition, the enthusiasm of household
members as well as the family’s available resources, including labor,

skills, and preferences (Nair, 1985)

‘The species commonly cultivated are fruits, staples, medicinal

plants, and vegetables (Mattsson ctal., 2015)

“Typically high density of species (Galluzzi et al,, 2010)

Home consumption is main production objective (Mitchell and

Hanstad, 2004)

Seasonal and daily harvest (Marsh, 1998)

Simple hand tools are used (Torquebiau, 1992)

Gardening and horticultural skills (Mitchell and Hanstad, 2004)

Gen

| practice (observed from field)

True

Observed median Agricultural area: 5129.654m*

Observed median HG area: 1943 m*

True

p-values for HG area, age, species diversity, and livestock diversity

among different socio-ecological zones and ethnicities is <0.05.

True
Diverse species type (food species (38.6%), fuelwood species (13.2%),
timber (10.1%), fodder (8.7%), medicinal (11.9%), ornamental (14.4%)
and bamboo (3%)) were found in the HGs.

True

‘The median Shannon, Simpson, and Margalef Index are 2.63, 0.89, and
3.17, respectively, which represents high diversity in HG

‘Though home consumption s still a major factor, the commercialization
of HG is also a major trend (median value of annual income from HG is
18,000)

‘There are crops which are harvested daily or weekly (fuelwood,

vegetables, fodder) and seasonal or annually (betelnut, bamboo, timber).
“True, 85% of the homegardeners use the simple hand tools like axe

“True, only 7% of people have received any formal skill development
courses for HG
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Variable Adivasi Assamese Bodo Bengali Hindi Mishing Gorkhali  Tea estate

speaking workers
Area () 1679 91l 2,809 636 1284 6,689 2003 360
HG income (2) 29,078 41470 88,000 5,000 20,000 111,765 68,567 10,358
Livestock 3 2 2 1 1 4 2 1
variety
Shannon 153 148 126 124 120 149 126 156
Simpson 057 057 0.60 048 058 051 051 0.66
Livestock 7 10 10 5 3 18 1 7
number
LD 069 062 077 058 061 101 o7 051
Mean number B 4 2 35 35 51 40 2
of plant Species
per garden
No. of stems per 67 77 14 59 6 137 %0 2
garden
(>=10cm
DBH)

Trees/ha 449 845 928 426 25 745 695 423





