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Abstract

:

Our knowledge about the status of agrobiodiversity on farms is still very limited. While several studies to assess the crop genetic diversity on farms have been undertaken, there are no systematic documentation and monitoring practices for varietal diversity in space and time. Achievement of the agrobiodiversity Aichi Target 13, established under the Biodiversity Strategy Plan 2011–2020, have failed due to the lack of existing data on varietal diversity at country, regional and global levels. Here, we propose a method for calculating the Varietal Threat Index using the four-cell analysis (FCA) participatory methodology at different geographical scales to monitor changes in the varietal diversity on farms and to compare between areas. We tested the method with datasets collected from the UN-Environment GEF project implemented in India, in which data on crop and varietal diversity were collected across seven states in India, covering five agroecological regions. Results showed that landraces are still commonly grown in the study sites, especially in the central and western regions, and that more than 50% of landraces are considered threatened, suggesting that conservation interventions are required to prevent large-scale genetic erosion. A long-term monitoring framework for varietal diversity in India is proposed.
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1. Introduction


Crop genetic resources for food and agriculture, and especially for varietal diversity on farms, are the basis for securing food and nutrition [1,2], for sustainable agriculture [3,4,5], for regulating and provisioning essential ecosystem services [6], as well as for coping with the impacts of climate change [7,8]. Varietal diversity, which is the diversity within crops, is defined as the extent of dissimilarity among a set of varieties [9] due to genetic differences. It includes both improved varieties and traditional crop varieties, also called landraces or farmer, local, primitive, heirloom, heritage, and indigenous varieties [10,11]. Traditional varieties (hereafter referred to as landraces) constitute a key biological resource often maintained by subsistence farmers and is cultivated for use values, indigenous beliefs, rituals, and, more importantly, for adaptive functions over space and time [5,12]. The recent state of the world report on biodiversity for food and agriculture concluded that genetic diversity within crop species is continuing to decline globally and threats to this diversity are increasing [13]. In fact, there are ample published evidence of the extent of genetic erosion in crop varieties on farms [6,14,15,16] but many of the studies reported are ad hoc assessments of genetic erosion at specific sites. Few long-term regional studies have attempted to assess varietal diversity of specific crops. For example, a long-term systematic monitoring framework for potato landraces in sentinel sites across its center of origin was developed and consisted of standardized procedures for measuring the total and relative varietal diversity at the farm level through networking and farmers participation [17]. At the European level, within the framework of the Farmer’s Pride Horizon 2020 project, an attempt was made to map landrace diversity and identified 100 landrace hotspots to be part of a European network for both iin situ conservation and sustainable use of plant genetic resources [18]. At a more global level, an assessment of on-farm varietal diversity data from 27 crop species from five continents were analyzed by measuring three elements of diversity, namely richness, evenness, and divergence [19]. It is widely recognized that there is no global systematic monitoring system in place for tracking crop genetic diversity on farms over time, as there are no global datasets at the varietal diversity level available [13,15,20,21]. It is further acknowledged that it is difficult to quantify the precise extent of genetic diversity given that a widely applicable indicator list for monitoring genetic diversity is yet to be developed [13]. Thus, monitoring crop genetic diversity on farms remains a global challenge and priority.



There are many global efforts led by the Food and Agriculture Organization of the United Nations (FAO), the Organization for Economic Co-operation and Development (OECD), and the Secretariat of the Convention on Biological Diversity (CBD) to develop targets and indicators for monitoring the global status of plant genetic resources for food and agriculture (PGRFA) [20]. Various sets of indicators have been proposed to monitor agricultural biodiversity, such as those developed by the FAO Commission on Genetic Resources for Food and Agriculture (CGRFA) on biodiversity for food and agriculture [22] and the indicators of the Aichi Target 13 developed for monitoring progress towards the Strategic Plan for Biodiversity 2011–2020 [23]. However, efforts to reach these targets have failed due to the lack of an internationally agreed upon set of indicators that satisfactorily measures the state of genetic diversity, especially for on-farm crop and varietal diversity, as well as due to a lack of existing data on genetic and varietal diversity [13,20]. Furthermore, a study developing an Agrobiodiversity Index for monitoring the status of agrobiodiversity in food systems also identified the lack of consistent, robust, and global data for several important components of agrobiodiversity, including on-farm varietal diversity [24].



Approaches for measuring crop iin situ diversity can be based at the genetic and/or species level through molecular or participatory studies, respectively [20]. Despite the great advances in genetic analysis and data availability [25], analyzing allele frequencies within on-farm and wild populations for accurately monitoring genetic diversity worldwide is an ideal goal that will take time to become reality [26,27]. In the meantime, the use of proxy data, such as the variety names, can provide useful indications of the level of genetic diversity within crop species and at the on-farm level [12,28]. This type of assessment, grounded on local knowledge, can also consider the physical, social, and cultural factors important for the farming communities conserving and using these varieties [12,28].



There are a variety of participatory methods that are used to gather information on crop diversity in local communities, including rapid biodiversity assessment (PRA), household surveys, baseline surveys, community biodiversity registers, diversity fairs, focus group discussions (FGD), and the four-cell analysis (FCA), among others. The FCA is particularly interesting since it facilitates the understanding of distribution patterns of local crop diversity in a community and helps to identify common, unique, and rare local landraces for developing conservation plans [12]. The FCA methodology was first developed in Nepal to determine the risk of genetic diversity loss and the reasons why a species or variety is in a risk zone [12]. FCA differentiates between the varieties grown in a small or large cultivated area and by a small or large number of farmers [12] (Figure 1). This methodology has now been widely applied in different countries and in various ways to assess landrace diversity [29,30,31,32]. It has been used to study population structure, identify common and rare alleles, understand socio-economic reasons for conservation, and use values [29]. FCA has been also used as a decision tool for developing on-farm conservation actions [29,30,31] and assessing climate change impact on crop diversity [32].



To date, despite the multiple methods and efforts, assessments to estimate the degree of threat of cultivated plant varieties are lacking [17,21]. The species level assessment through the IUCN Red List Index (RLI) [33,34] has been critical to monitor progress towards Biodiversity Aichi Target 12—prevention of the extinction of threatened species. The RLI index has also been applied to different species groups [35,36,37]. Applying the IUCN RLI to assess cultivated plant varieties threat status would be challenging since landrace names are unrecognized in the International Code of Nomenclature of Cultivated Plants or Botanical Nomenclature [38]. A new approach for red-listing cultivated plant species was in the past proposed based on the FCA methodology [21]. However, the approach lacks a quantitative measure to compare the extent of threat to the varietal diversity on farms across different regions. Hence, developing a threat index for varietal diversity would be very helpful in raising awareness of the status of agrobiodiversity and conservation actions.



In this paper, we present a methodology for calculating a threat index for crop varietal diversity (both improved varieties and landraces) on farms. We collected crop varietal diversity from 17 sites and five agroecological zones through the four-cell analysis (FCA) methodology in India. We adapted the RLI methodology to estimate the level of threat across crop varieties based on the FCA data. Our assessment, grounded on local knowledge and quantitative analysis, offers a robust and practical method for monitoring crop varieties and for differentiating the threat level by landraces and improved varieties. This method, relevant at the local scale and comparable at the national or global scale, can help prioritize conservation efforts for maintaining and using the agrobiodiversity vital for resilient, productive, and prosperous farms centered on securing food and nutrition.




2. Methods


2.1. Survey Sites


The study took place under the UN Environment/GEF project across the part of India in 17 study sites covering five contrasting agro-ecologies: Eastern Himalaya, Western Himalayan, Western Dry Region, Central Plateau and Hills, and Eastern Plateau and Hills. (Table 1).




2.2. Focus Group Discussion


In each study site, a focus group discussion (hereafter referred to as FGD) was held with farmers regardless of gender, ethnicity, and castes. They were identified in collaboration with local village leaders, local extension workers, and local non-governmental organizations based on the farmers’ knowledge of the crops and varieties grown in the study sites. Prior to participation in the FGD, the participating farmers were informed about the scope of the study, the purpose of the data collection, the duration of their participation, and the voluntary nature of their participation. It was also made clear that there was no monetary or other compensation offered to the participants and that refusal to participate would incur no penalty. It was clearly stated at the beginning of each session that participants were free to drop out at any time. Verbal consent from each participating farmer was obtained. Data and information, including respondents’ personal information, collected during the FGD, was secured by the Alliance of Bioversity International and CIAT, in compliance with its data protection regulations and policies.




2.3. Four-Cell Analysis Method


We used the four-cell analysis (FCA) [12] method to collect information on the crops and varieties grown in the study sites, in addition to their status and trends. The FCA is a rapid assessment and qualitative technique to assess the amount and distribution of crop diversity within farming communities and it facilitates the assessment of the inter or intra-specific diversity species (e.g., richness and evenness). Before listing species, we collectively discussed with farmers the threshold for defining ‘few households (HH)’ vs. ‘many households’ and ‘small area’ vs. ‘large area’. Collectively, farmers agreed on 10% as a good threshold for these groupings across sites. Then, each farmer listed the crop varieties that were grown in their household. Afterwards, each variety local name was placed in one of the four quadrants, indicating the spread and abundance of the variety across the study sites (Table 2, Figure 1).



Farmers were also asked about the varieties they grew in the past 10 years that were no longer grown and the reason for its absence (i.e., lost varieties). For each listed variety, we also asked for information regarding major use, variety type (landrace or improved), and direction of change in area in the last 10 years (e.g., increasing or decreasing). After the crop and variety names were collected in the local/Hindi language, the botanical and English name of each species were determined and verified by the project research staff, who had expertise in botany, to avoid double counting. The crops and varieties were classified by improved varieties and landraces by the project research staff. Additionally, we classified each crop according to different food groups following the dietary diversity guidelines [39], namely concerning grains, pulses, condiments, dark green leafy vegetables, nuts and seeds, and oils or crop groups, specifically medicinal.




2.4. Varietal Threat Index


To calculate the Varietal Threat Index, we followed a modified methodology used to calculate the IUCN Red List Index [33] (See Supp. Material S1 for calculation). The varieties were grouped into four threat categories analogous to IUCN red list categories depending on the spread and abundance combination (Table 2.). Thus, varieties which were grown by



	
Few households and on small areas are considered as threatened (TR, Q1);



	
Few households but on large areas are considered as near threatened (NT, Q2);



	
Many households and on small areas are considered as vulnerable (VU, Q3);



	
Many households and on large areas are considered of least concern (LC; Q4); and



	
Lost varieties grew in the past 10 years but that are no longer grown (lost, Q5)






Each of the categories were given a weight with the ‘Lost’ category having a higher weight compared to the lower categories i.e., Lost-5; TR-4; NT-3; VU-2, and LC-0. A total threat score (T) is then calculated by adding up the number of varieties in each category multiplied by its weight. A maximum threat score (M) was calculated per study site by adding up the number of varieties in each category per site and multiplying it with the maximum category weight (i.e., Lost 5). The Varietal Threat Index is then equal to the Maximum Threat Score (M) minus the Total Threat Score (T) and divided by the Maximum Threat Score (M). To make the score highest for the most threatened category, we then reverse the score by subtracting it from 1. Thus:


Site Varietal Threat Index = 1 − [(M − T)/M.]



(1)







The Varietal Threat Index would vary between 0 (where all varieties are of least concern) and 1 (where all varieties are ‘Lost’ from the site). In order to monitor trends in the diversity over time, the Varietal Threat Index would need to be calculated over regular period of time, depending on the resources available.



We calculated species richness and varietal evenness with the Vegan package in R [40,41]. Similarly, we used R for all other descriptive statics and used the ‘ggstatsplot’ package for pair-wise comparisons across agroecological zones with the non-parametric Games–Howell test adapted to unbalanced groups of variances and sample sizes [42]. For each species, we used the edible parts consumed in each village to allocate the corresponding food or crop group according to dietary diversity guidelines [39] or use (e.g., medicinal). We used the R package networkD3 to create the sanky diagram [43]. See Supplementary Materials S1 for the complete code and data used.





3. Results


3.1. FGD Participation by Age and Gender


In total, the FGD captured the knowledge of 578 farmers, covering seven Indian states and five agroecological zones (Figure 2A). On average, participants were 44 years old when the FGD took place, however, women tended to be slightly younger than the men (men average = 46 years, SE = 0.6; women average = 42, SE = 0.7; Figure 2B). Overall, the participation was balanced between the sex groups (58% men vs. 42% women), although women’s participation was extremely low in states such as Madhya and Uttar Pradesh (Figure 2C). About 10% of the female participants were head of households.




3.2. Species Richness and Varieties Evenness


The study revealed a total number of 38 crop species and 471 varieties, of which above 50% were rice varieties (Table 3). Crop richness was measured using the number of crops at the species level, whereas evenness accounted for the number of varieties within and across crop species. Our results indicate that the Eastern Himalayan is characterized by the lowest species richness, whereas both Eastern regions (Eastern Himalayan and Eastern Plateau and Hills) are characterized by the lowest varietal evenness due to the dominance of rice and rice varieties (164 and 47 Oryza sativa varieties, respectively; Figure 3 and Figure 4). Central and western zones (particularly dry regions) reported higher species richness and significantly more evenly distributed varietal diversity, suggesting the presence of more varieties across crops (Figure 3).




3.3. Varietal Threat Index: Threat Status and Trends


More than half of the varieties listed across the study sites were under threatened or lost (50%; Figure 4A) conditions. These threatened or lost varieties were mostly used for consumption (57% and 79% respectively) (Figure 4B). On the contrary, near threatened, vulnerable and least concern varieties were often used for multiple uses (sales, consumption, and fodder) (Figure 4B). A larger proportion of the threatened and, near threatened varieties decreased in area during the last 10 years whereas the area for a large proportion of the vulnerable varieties (47%) remains stable according to farmers (Figure 4C). Varieties of least concern, predominantly improved or released varieties, were mostly increasing in area during the last 10 years and cultivated for multi-uses (Figure 4B–D). However, landraces are experiencing higher levels of threat with seventy six percent or above of landraces reported as vulnerable, near-threatened, threatened, and lost (Figure 4D).



Overall, landraces had a much larger threat index than the improved varieties, except in the Western Dry Region (Figure 5). The agroecological zones with the largest number of varieties and highest average of the Varietal Threat Index were the Western and Eastern Himalayan (0.539 and 0.588, respectively; Figure 5). The Central Plateau region also had an average Varietal Threat Index of 0.523; however, the number of varieties was half that of the Himalayan zones (Figure 5).



All sites across the Western Dry Region reported the lowest threat level for landraces, although the number of reported varieties was extremely low (see, for example, Damodra, Didhu, or Osian; Figure 5), suggesting that the few listed landraces are doing relatively well. On the contrary, sites in Tarikhet and Dhangdhora in the Himalayan regions (western and eastern) reported a relatively large number of landraces with high threat index values (Figure 5).




3.4. Crop and Food Groups


The Sanki diagram (Figure 6) shows the distribution and flows of landrace and improved varieties (left vertical green line) across the different food groups (grains, pulses, condiments, dark green leafy vegetables, nuts and seeds, oils, medicine, fruits, and vegetables; center green line) and agroecological zones (right vertical line). Among the varieties assessed, landraces dominated over improved varieties, grain-type varieties dominated over other food groups, and the Eastern Himalayan particularly reported the largest number of varieties, mostly of the grain type (i.e., rice). Landraces cover six food groups (grains, pulses, condiments, dark green leafy vegetables, nuts and seeds, and oils; Figure 6), whereas improved varieties cover nine food groups including condiment and seasoning, medicine, other fruits, and other vegetables, which are exclusively reported in the Western Dry Region (Figure 6). Overall, food group diversity remained low across the agroecological zones with cultivated varieties covering between four and five food groups, except for the dry region with eight food groups (left connections in Figure 6).





4. Discussion


4.1. Varietal Diversity


Crop and varietal diversity are critically important for food and nutrition security, as well as for the livelihoods of millions of people, particularly those living in marginal areas [44]. Measures for monitoring the crop varietal diversity on farms have been largely lacking [13] and represent a large gap in the monitoring frameworks for agrobiodiversity developed by UN organizations such the CBD, FAO, and SDG. In this study, we tested a methodology based on Four cell analysis - FCA [12] and adapted the IUCN Red List Index - RLI method [33,34] to document and monitor on-farm species/variety richness and evenness, as well as their level of threat on the farm, village and agroecological zone.



The simplicity of the method could help in closing the critical knowledge gap on on-farm varietal diversity and could contribute in monitoring it through time at local, regional, and even national levels. We showed that the FCA method and the novel Varietal Threat Index calculation, as presented here, enable the identification of varieties with varying threat levels, as well as the comparison across agroecological regions for developing locally relevant and national level policy recommendations for enhancing a more effective conservation and use of local agricultural biodiversity. It can help identify and highlight regions where landraces are declining and under greater threat (for example, Western and Eastern Himalayan, as shown in this study), and can guide policy makers to take remedial actions for reversing the genetic erosion trend in the vulnerable sites, particularly for crops and varieties that are important for consumption, nutrition, and other uses. The study clearly showed that there is still a great diversity of landrace that local farmers cultivate and use for multiple purposes. Nonetheless, varietal diversity varied across states depending on different agroecological regions Despite some areas being dominated by rice varieties (e.g., eastern regions), we also found other cultivated crops. For example, in the Eastern Himalayan region, in the state of Assam, 164 varieties of rice were grown by farmers, but they also cultivate a few other crops such as mung bean, mustard, and pigeon pea, with only few varieties ranging from one to four. Despite the large landrace and crop diversity, our results indicate that most of this diversity is disappearing during the last 10 years according to farmers’ knowledge.



Despite the robustness of the method proposed here, there are some challenges and improvements required. The first challenge of using FCA methodology across sites with a high linguistic diversity concerns the verification and validation of the local names provided by communities. This problem has been highlighted before and it is well known that the naming of landraces may vary between crops and cultures in both space and time [28]. However, some studies have shown that the traditional way in naming varieties can be remarkably reliable and crucial to the subsistence of the farming community [19,45]. In our study, this issue was considered and the naming of landraces of same crops across the different sites were scrutinized and verified by local research staff to ensure that the names were indeed unique and consistent across the local communities from different villages and regions. However, the methodology can be more robust if FCA is complemented with ethnobotanical studies or varietal data collection in terms of conservation to triangulate, verify, and document the various common names used across regions for the same species.



Another caveat in the FCA methodology relates the definition of ‘few’ and ‘many’ households and “small” and “large” areas. In the current study, the threshold level was decided during the FGD with the farmers themselves and there was a general agreement for using 10% as a threshold that divides few vs. many farmers and small vs. large areas. Our approach of collectively selecting the threshold, rather than imposing it, helped to have a better and more collective sense of the selected threshold value, potentially leading to better results. Nonetheless, some further research would be required to empirically confirm the accuracy of the selected threshold and to investigate the variability across thresholds selected in different contexts (e.g., different types of crops and areas required for their cultivation), as well as the implications on the results.



Finally, the success of the FGD in capturing varietal diversity depends on the level of engagement and participation of the farmers, regardless of the sex, cast, and socio-economic and marital status. In some cases, women and men tended to use different parts of the landscapes and cultivated or managed plants for different purposes (e.g., household consumption or income) [46,47,48]. In our study, women’s participation was low in some regions due to their time limitation due to childcaring and other home-caring activities, indicating that some crops important for household consumption or other uses may be particularly underrepresented in these areas. Hence, ensuring that the FGD are inclusive and offer options for baby-sitting or child-caring could help increase women’s participation. Capturing gendered knowledge on crop varieties is critical for properly monitoring the multi-functionality of farms and landscapes, and more importantly for developing varietal conservation efforts that are gender-inclusive [48,49,50].




4.2. Varietal Threat Index


The Varietal Threat Index revealed that in all the agroecological zones, apart from the Western Dry Region, farmer varieties were more threatened than improved, which could be related to the promotion of improved varieties and easy availability of their seeds by farmers to grow them over local varieties [51,52]. The participants from the Western Dry Region mentioned much less crop and landrace diversity than in other regions but did mention more food groups unique to the region, such as condiments, medicine, and other fruits (watermelon) and vegetables (cucumber). Both cucumber and watermelon were improved varieties well adapted to dry environments and poorly developed friable soils [53,54]. However, maintaining the few listed landraces that have a low threat risk is critical for future options, since plants in drier environments tend to have special adaptive capacities to survive the water stress in such extreme environments.




4.3. Monitoring Trends in Varietal Diversity


Given that we have no baseline data from the study sites to compare the results of the surveys described above, participants were asked about the changes in the areas where varieties have been grown over the last 10 years. This allowed us to have some idea about the trends in varietal diversity in the study sites. In general, we noted that the varieties of LC status are increasing in areas presumably because they are the more popular varieties. As we move from LC to the increasing threat categories (VU, NT, and TR), there is a reverse trend in area change, which, in the long run, will certainly be on track towards lost from the production system. The displacement by yield improved varieties will lead to genetic erosion and will reduce future options for sustaining agriculture. This is despite the fact that the market value of landraces is high as compared to improved varieties due to their local preference, nutritional superiority, and the existence of incentives provided by the Government of India to promote and incentivize cultivation of landraces through the Plant Genome Savior Community Award provided under the provision of section 45 of the Protection of Plant Varieties and Farmers’ Rights Act, 2001. Our results confirm the trends in genetic erosion that have been reviewed in many crops and countries [6,14,15], which generally provides clear evidence of the loss of genetic diversity on farms. However, there is a lack of hard baseline data against which changes in the genetic diversity of agrobiodiversity can be properly monitored, as recognized in recent State of the World reports on Biodiversity for Food and Agriculture [13,17]. This lack of information on on-farm and iin situ diversity, as well as regarding its availability in public domains, severely limits the ability to properly track changes in agrobiodiversity over time. The Agrobiodiversity Index being developed by the Alliance of Bioversity International and CIAT [24] illustrates this issue, as the indicator for varietal diversity on farms cannot be applied as there exists no publicly available information at the global nor country level, except for data that are contained in ex situ collections and that are publicly available at the global level, such as Genesys [55]. Thus, the difficulty concerns how we can capture the on-farm varietal diversity from the field and make this information available for the systematic monitoring of on-farm varietal diversity to ensure that decision and policy-makers take appropriate actions for the conservation of agrobiodiversity on farms and with farmers. To this end, we require a methodology that can systematically document what varieties farmers are growing. We posit that the FCA methodology, which has been used in this study and in other countries [29,31], has potential if adopted by local authorities and organized into a network for the regular monitoring of diversity over time, preferably every 5 years to detect any changes in diversity, which is aligned with the reporting process of the CBD National Biodiversity Action Plan. For example, in India, the local government system of “Panchayats”, which is organized at the village level and up to the district and state levels, could provide a framework for monitoring varietal diversity on farms and could help to inform others on diversity from the village level to district, state, and national levels. The Panchayat or other similar governance systems also exist in other countries (e.g., Nepal and Bangladesh), which serve similar functions.



As mentioned earlier in the introduction, in other continents such as in Latin America, systematic monitoring of varietal diversity has also been developed based on the identification of hotspot areas containing high concentrations of distinct landraces [17]. It is also important that the results of the FCA are documented in agrobiodiversity-related public or global databasessystems or repositories that can be maintained and that can serve as baseline information for monitoring purposes. Such information systems or repositories should be readily accessible and available, while sensitive data and information should be properly managed to ensure compliance with general privacy data protection regulations and to protect any indigenous knowledge from being exploited for commercial gains.





5. Conclusions


The study has presented a snapshot of the varietal diversity across seven states and different agroecological zones in India. The novel method of using the FCA methodology for calculating a Varietal Threat Index is critical for the baseline assessing and monitoring of genetic erosion. This study has revealed that there is still a significant diversity of landraces grown, especially in the central and western regions, and that more than 50% of farmers’ varieties are threatened. We recommend the promotion and adoption of the proposed methodology among the local authorities in “Panchayats” in India and elsewhere to ensure that it can be applied at wider scale and lead to the development of a monitoring framework for varietal diversity at the village, state, and national level. This will make a significant contribution to the global monitoring of agrobiodiversity through the FAO Global Plan of Action and the CBD post-2020 Global Biodiversity framework.
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Figure 1. Focus group discussion using the four-cell analysis method at the Alengmora study site, India (Photo Credit: Rajib Sarma). 
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Figure 2. (A) Study site location across states and agroecological zones; (B) focus group discussion on population characterization across age and sex groups; and (C) states and sex groups (C). Numbers in (C) represent the total percentage and the n per state/sex group. 
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Figure 3. (A) Diversity indexes at the species (species richness); (B)varietal level (Shannon–Weaver); (C) varietal level (Pielou’s). Abbreviations: EH, Eastern Himalayan; EPH, Eastern Plateau and Hills; WH, Western Himalayan; and CPH, Central Plateau and Hills; WDR: Western Dry Region. Significant pairwise comparisons of the Games–Howell test p ≤ 0.05 are displayed. 
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Figure 4. (A) Varieties distribution by threat level, (B) major use, (C) area change during the last ten years, and (D) variety type. Numbers indicate percentages and numbers of varieties’ (in parenthesis) distribution at each threat level, which was at 100%. Abbreviation: d.k., Do not Know. 
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Figure 5. Varietal Risk Index at the agroecological and site level as well as by variety type. Numbers indicate the number of varieties. Average values per variety type are reported in parentheses on the right side of the figure. 
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Figure 6. Sanki diagram showing the varietal flow and distribution between the type (landrace or improved/released) across food groups and the agroecological zones. Each food group includes the number of species (spp) and varieties (var) listed. Food groups include grains (e.g., wheat, barley, millets, maize, sorghum, and rice); pulses (e.g., gram, lentils, beans, and peas); condiments and DGLV, which are condiments, seasonings, and dark green leafy vegetables (e.g., mustard and fenugreek); grains and DGLV, which are grains and dark green leafy vegetables (e.g., amaranth); nuts and seeds (e.g. sesame and groundnut); oil (e.g., niger); medicine (e.g., Ricinus and Isabgol); other fruits (e.g., watermelon); and other vegetables (e.g., cucumber). Abbreviations: EH, Eastern Himalayan; EPH, Eastern Plateau and Hills; WH, Western Himalayan; CPH, Central Plateau and Hills; and WDR, Western Dry Region. 
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Table 1. Characteristics of the study sites.
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	Agroecological Region/Features
	STUDY SITES NAMES

(Number of Villages)





	Eastern Himalaya
	



	Hot, humid, deep, loamy to clayey alluvium-derived soils, available water capacity (AWC) is medium, LGP 240–270 days, and 50–80% of area under forests. High temperatures combined with heavy to very heavy rains.
	Dangdhora (7)

Alengmora (5)

Alami (11)



	Western Himalaya
	



	Soils shallow, loamy skeletal soils, cold to cool typic-arid, available water capacity (AWC) is low, and length of growing period (LGP) is 60–90 days. The Western Himalayan vegetation is broadleaf and of two types: evergreen and deciduous broadleaved forests.
	Bhilangana Valley (5)

Niti Valley (8)

Tarikhet (8)

Someshwar (8)

Ramana Nyay (12)

Gohar Valley (10)



	Eastern Plateau and Hills
	



	Moderately to gently sloping basin, hot, moist/dry, subhumid transitional, deep loamy to clayey red and yellow soils, AWC medium, and LGP 150–180 days. Vegetation is tropical moist deciduous, tropical dry deciduous, and subtropical broad-leaved hill forests.
	Ambikapur (11)

Korea (9)



	Central Plateau and Hills
	



	Hot, dry, subhumid, deep loamy to clayey mixed red and black soils, AWC medium to high, and LGP 150–180 days. Vegetation of Uttar Pradesh consists mostly of scrub. Forests are generally concentrated in the southern uplands and predominantly consist of tropical dry deciduous types.
	Karkeli (17)

Chitarkoot (19)



	Western Dry Region
	



	Hot typic-arid, deep, loamy desert soils (inclusion of saline phase), AWC very low, and LGP 60–90 days. Forest types include dry deciduous forest and thorn forest including scrub jungle.
	Dheerasar (6)

Didhu (8)

Damodara (5)

Osian (6)
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Table 2. Four-cell analysis used for collecting varietal information across sites and quadrants (Q). Weight values are given in the parenthesis.
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Spread




	
Small Areas (≤10%)

	
Large Areas (>10%)






	
Abundance

	
Few households (≤ 10%)

	
Q1-Threatened (TR)

(weight:4)

	
Q2-Near Threatened (NT)

(weight:3)




	
Many households (> 10%)

	
Q3-Vulnerable (VU)

(weight:2)

	
Q4-Least Concern (LC)

(weight:0)




	
Lost varieties

	
Q5-Varieties which they grew in the past 10 years but were no longer grown

(weight:5)
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Table 3. List of crops including the scientific name of cultivate species and the number of varieties identified in the study.
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	Crop
	Scientific Name of Cultivated Species
	Number of Varieties
	Percentage





	Grain Amaranth
	Amaranthus hypochondriacus L.
	8
	1.7



	Groundnut
	Arachis hypogaea L.
	2
	0.4



	Indian mustard
	Brassica juncea L.
	15
	3.2



	Yellow mustard
	Brassica rapa L.
	4
	0.8



	Pigeon pea
	Cajanus cajan (Linn.) Huth
	18
	3.8



	Chickpea
	Cicer arietinum L.
	7
	1.5



	Bitter cucumber
	Citrullus colocynthis (L.) Schrad.
	1
	0.2



	Watermelon
	Citrullus lanatus (Thunb.) Matsum. & Nakai
	1
	0.2



	Cumin
	Cuminum cyminum L.
	2
	0.4



	Cluster bean
	Cyamopsis tetragonoloba (l.) Taub.
	11
	2.3



	Barnyard millet
	Echinochloa esculenta (A.Braun) H.Scholz
	1
	0.2



	Finger millet
	Eleusine coracana (L.) Gaertn.
	12
	2.5



	Common buckwheat
	Fagopyrum esculentum Moench.
	2
	0.4



	Tartary buckwheat
	Fagopyrum tataricum (L.) Gaertn.
	2
	0.4



	Soybean
	Glycine max (L.) Merr.
	5
	1.1



	Niger
	Guizotia abyssinica (L.f.) Cass.
	5
	1.1



	Barley
	Hordeum vulgare L.
	1
	0.2



	Lentil
	Lens culinaris Medik.
	3
	0.6



	Horse gram
	Macrotyloma uniflorum (Lam.) Verdc.
	2
	0.4



	Rice
	Oryza sativa L.
	259
	55.0



	Proso millet
	Panicum miliaceum Walter
	1
	0.2



	Little millet
	Panicum sumatrense Roth
	2
	0.4



	Kodo millet
	Paspalum scrobiculatum L.
	1
	0.2



	Pearl millet
	Pennisetum glaucum (L.) R. Br.
	9
	1.9



	Common Bean
	Phaseolus vulgaris L.
	8
	1.7



	Pea
	Pisum sativum L.
	2
	0.4



	Psyllium
	Plantago ovata Forssk.
	1
	0.2



	Castor oil
	Ricinus communis L.
	1
	0.2



	Sesame
	Sesamum indicum L.
	11
	2.3



	Foxtail Millet
	Setaria italica (L.) P.Beauv.
	1
	0.2



	Sorghum
	Sorghum bicolor (L.) Moench.
	1
	0.2



	Fenugreek
	Trigonella foenum-graecum L.
	1
	0.2



	Wheat
	Triticum aestivum L.
	23
	4.9



	Moth bean
	Vigna aconitifolia (Jacq.) Maréchal
	7
	1.5



	Black gram
	Vigna mungo (L.) Hepper
	16
	3.4



	Mung bean
	Vigna radiata (L.) R. Wilczek
	15
	3.2



	Rice bean
	Vigna umbellate (Thunb.) Ohwi &H.Ohashi
	1
	0.2



	Maize
	Zea_mays L.
	9
	1.9



	Total number
	38
	471
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