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Abstract
Background
Home gardens (HGs) provide perspectives for conservation of plant genetic resources while contributing to improving livelihoods. However, knowledge of local factors shaping their ownership, plant diversity (PD) and structure is still limited especially in West-Africa, where food insecurity is acute. This is critical to ensure effective mainstreaming of HGs into future biodiversity conservation and food production policies.

Methods
Socio-economic and PD data were obtained from individual interviews (n = 470) and gardens inventories (n = 235) spanning humid, sub-humid and semi-arid zones of Benin. Generalised Linear Models, Hierarchical Cluster Analysis, Principal Component Analysis and Simple Correspondence Analysis were performed to examine socio-economic characteristics (age, gender, education level and main economic activity) affecting HGs ownership, and their effect coupled with intrinsic HGs characteristics (size, age) on PD and structure within HGs, across contrasting bio-geographical regions.

Results
HG ownership was significantly dependent upon a complex relationship between age, gender and education level of the farmers. The probability to own HG increased with age with an early involvement in home gardening for women. Similarly, with increasing age, it was more likely to find a male owner than a female owner among the uneducated informants and those of primary school. Inversely, it was more likely to find female owner than a male owner among secondary school level or more.
PD increased with increasing owner age and size of the HG. Larger and more diversified HGs were found in sub-humid and semi-arid zones while smaller and less diversified HGs were encountered in the humid zone. HGs were multi-layered. Based on the prevailing plant groups, three categories of HG were distinguished: Herb based gardens, Herb and Shrub/Trees based gardens, and Palm and Liana based gardens. Their prevalence was dependent upon bio-geographical zones and HG owner socio-economic characteristics, with herbs based HGs being mainly associated to women.

Conclusion
Results suggest effects of complex interactions between socio-economic factors on HG ownership, and influence of these effects combined with intrinsic characteristics of HGs on PD. The early involvement of women in home gardening and their particular interest in herbs and shrubs are important assets for future conservation strategies based on HG and food production. Interventions are required to interfere with declining PD in HG across generations to accommodate multiple ecosystem service benefits.
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Background
Feeding a dramatically growing population while conserving natural resources is one of the greatest contemporary challenges decision makers face. Concerns are even greater in areas where people rely on these natural resources for their daily needs. Interestingly, there is a growing interest in integrating native Plant Genetic Resources (PGR) into formal farming systems, as a critical step towards achieving the Millennium Development Goal 1 “combating extreme poverty and hunger” [1]. Similarly, with regard to land use dynamics, this step is perceived as a more realistic approach to conservation [2–4]. Conservation of PGR is vital not only because of their prominent role in food and agriculture [5] but also for the adaptation of certain cultivars to predicted changes in the climate, diseases and pests in the future [5–7]. The growing interest on agroforestry systems as the future of PGR conservation can be explained by the optimal ecological conditions and the protection provided to plants in these traditional farming systems [6]. Among these traditional farming systems, Home gardens (HGs) have attracted attention in the last decades.
HGs are a cultivated space, generally adjacent to a household or slightly further away but still easily accessible [8]. The number of studies focusing on HG has recently increased worldwide with special focus on their roles in improving rural households’ livelihoods while conserving biodiversity. For instance, HGs have been reported to support food system [9–12], mitigate economic hardship and provide additional income for households [13–16]. In addition, they enhance the empowerment and social position of women [17–19]. HGs have been also reported effective in agro-biodiversity conservation [20–22], ecosystem services provision [23] and culture preservation [17, 24, 25].
However, information on African HGs (as compared to their tropical Latin American counter parts) is relatively poor. They have been for long time been neglected by academic research and development policies [26–28]. Existing literature on African HG focuses mainly on their contribution to global household food and nutrition [29–36], uses and traditional knowledge associated to them [37] as well as their plant diversity and potential contribution to biodiversity conservation [22, 38–41]. However, with the current socio-cultural dynamics in Africa i.e. erosion of traditional knowledge of plant and associated uses [42], westernization of production and consumption systems [43, 44], increasing use of improved crops [45, 46] and rapid population growth [47], traditional HGs are threatened [11]. Thus, their potential for biodiversity conservation is questionable. In this line, how local factors shape ownership of HG and how these factors coupled with garden features determine plant diversity and structure in HG are important questions to be addressed. Investigating these aspects of HGs is a prerequisite to ensure effective mainstreaming of HGs into future conservation and production policies. Therefore, this study explored the socio-economic factors influencing HG ownership and how these factors combined with intrinsic characteristics of HGs, shape their plant diversity and structure across three bio-geographical zones in the republic of Benin.
Traditionally, women and old men used to cultivate fields close to their village, while the younger men often set their fields a bit further from their village [48]. With this traditional specialization in land use, we expected home gardens to be mostly owned by women and old persons. In addition, as western school education influence lifestyle including farm production purposes [38], we expected home gardens to be owned mainly by uneducated people. As home gardening is an agricultural practice, we expected HGs to be owned mainly by people with on-farm activities. We also expect to find significant interactions among these factors. Furthermore, based on previously reported influence of socio-economic conditions of HG owners [38, 49–51] and intrinsic characteristics [51–53] on plants maintained in HGs in Latina America, we predicted that plant diversity in HG would also increase with age and size of the HG, both increasing with the age of the owner.
In this study, plant diversity refers to the diversity of cultivars, landraces, ecotypes, wild relatives and wild plants, deliberately maintained in HGs. It excludes weedy species which are spontaneous vegetation, removed by the owner as often as possible. Furthermore, by shaping plant diversity in HG, ecological conditions [50], socio-economic factors , preferences of HG owners but also market opportunities [40, 41] control the structure of the HGs in maintaining an assemblage of herbs, vines, shrubs and trees. Generally, the HGs structure refers to the composition, including spatial arrangement of the woody component, vertical stratification and temporal arrangement of the different components [54]. Here, we focused on composition (with plant richness and diversity of CWR as estimates) and vertical stratification (with prevailing plant group as estimate) and did not address the temporal arrangement of the HGs. Like many tropical HGs [54], we predicted HGs in Benin to be diversely composed and multilayered. We further predicted that the structure of the HGs would be dependent upon bio-geographical zones and socio-economic conditions of the HGs owners.

Methods
Study area
The study was conducted in Benin, a West African country of 115762 km2 [55], located between 6°25’N-12°30’ and 0°45’E - 4°E and characterized by three contrasting bio-geographical zones [56] ranging (based on days of growing season) from humid to semi-arid zones [57].
The country’s native vegetation has suffered severe degradation as a result of various intense anthropogenic activities. In the southern part i.e. the humid zone, where the population density is high, the vegetation is composed of fallows and small forest patches of less than 5 ha [58]. The transition zone i.e. the sub-humid zone is characterized by mosaics of woodlands while the vegetation in the semi-arid zone (commonly Sudanian zone) consists of savannas and gallery forests with trees and shrubs slightly covering the ground.
The resident population of about 9 983 884 inhabitants is unequally distributed [59], with 60 % of the population concentrated in 20 % of the territory [60]. The population is mainly young (more than40 % is under 15 years old ) and slightly female-biased (51.2 %) [59]. Thirty three percent of the population has at least basic education (Primary school or alphabetization in local languages) while the remaining part of the population can neither read nor write [60]. The local economy is agriculture-based [59]. More than half the population (53.9 %) lives with less than USD 1.00 per day [61] and 35 % of the populations is in food insecurity [62]. Agriculture sector employs more than 70 % of the active population in rural areas [63]. Important cash crops are: cotton in the semi-arid zone, cashew in the sub-humid zone and palm oil in the humid zone. Important food crops are: sorghum and maize (semi-arid zone), yam and maize (sub-humid zone) and, cassava and maize (humid zone). The average size of farmland per farmer is 1.7 ha and 34 % of the 550,000 farms inventoried in Benin cover less than 1 ha [62]. The sub--humid zone where population density is relatively lower is experiencing increasing “agricultural colonisation” by farmers from the semi-arid and humid zones. Generally, regardless of ethnic groups, women have no or limited access to land [62]. Women use to work with their husband and/or hire small pieces of land for their activities; and as tenant, they are not allowed to establish perennial crops (i.e., fruit trees), but rather short-cycle crops.
In Benin, 55 individual languages have been listed and could be grouped into three major socio-linguistic groups namely Kwa, Gur and Yoruboїd [60]. The socio-linguistic groups of Kwa are geographically disseminated in southern and middle Benin and represented by Adja, Houeda, Sahoue ethnic groups and relatives, Mina, Anii, Windji-windji ethnic groups and relatives, Fon, Mahi, Goun, Tofin, Xwla ethnic groups and relatives. The socio-linguistic groups of Yoruboїd are mostly found in middle and southeastern Benin with Yoruba, Idashaa, Nagot ethnic groups and relatives. The socio-linguistic groups of Gur are located in northern Benin and include Bariba, Ditamari, Berba, waama ethnic groups and relatives, Gurma, Natimba ethnic groups and relatives, Lokpa, Coto-coli, Kabye ethnic groups and relatives, Yom, Yoa Taneka ethnic groups and relatives [60].

Sampling and data collection
These data are part of a large database collected by students of master degree in the framework of a research project on HGs in Benin. The sampling strategy developed (see also [22, 37]) included probabilistic and non-probabilistic approaches. Firstly, a rapid rural appraisal approach was carried out with agricultural extension services and was used to identify 3 districts of interest in each bio-geographical zone: Tanguiéta, Boucoumbe and Toucountouna in the semi-arid zone, Bassila, Dassa and Bantè in the sub-humid zone and Aplahoué, Agbangnizoun and Zogbodomey in the humid zone. An exploratory survey was conducted on 60 randomly selected informants in each district. We defined informant as the household member with extended rights on the HG including management decision, composition, right to sale products from gardens but not including necessarily land property right. The exploratory survey was intended to determine the proportion of HG owner per bio-geographical zone and consequently the sample size (n) in each biogeographical zone using the normal approximation of the binomial distribution (Dagnelie 1998):[image: $$ \mathrm{n}=\frac{{\mathrm{U}}_{1\hbox{-} \upalpha /2}^2\times \mathrm{p}\left(1\hbox{-} \mathrm{p}\right)}{{\mathrm{d}}^2} $$]



                        

                           U
                           1 − α/22 is the value of the Normal random variable at probability value of 1 − α/2. For a probability value of 0.975 (or α = 0.05), U
                           1 − α/22 ≈ 1.96; d is the margin error of the estimation of any parameter to be computed from the survey and a value of 8 % [37] was considered.
Values of n were rounded to 75 in the Semi-arid zone and to 80 in the humid and sub-humid zones. An equivalent of n for non-HGs owners was also selected in each zone. Informants interviewed during the depth survey and gardens inventories were taken from the list of informants (owner of HG or not) previously selected in each bio-geographical zone (exploratory survey). Snowballing approach was used to select additional informants when the list was exhausted. As a result, 470 informants were sampled for individual interviews including 235 HGs owners and 235 non- owners. Interviews generally lasted 60 to 90 min when the researcher could communicate directly with the informants, and more time (~120 minutes) whenever assistance of a translator or other relevant informant was required. Interviews were recorded primarily using a questionnaire. Additionally, a digital recorder was also used to record all exchanges with informants when necessary.
Field work took place between June and November 2011 coinciding with cultivation periods and growing phase for vegetation. During these periods, wild and crop trees, shrubs and herbs are more visible and easily identifiable.
Following the age categorization used by Idohou et al. and Assogbadjo et al. [37, 64], 24.07 % of the informants were young (age < 30), 59.30 % were adult (30 < age < 60) and the remaining 16.63 % were old people (age > 60). The three major socio-linguistic groups in Benin were represented as follows: Kwa (37.20 %), Gur (40.92 %) and Yoruboїd (21.88 %). Approximately one third of informants were female (36 %). Regarding education level, 40 % were uneducated, 32 % attended primary school or Alphabetized classes and 28 % attended secondary school or more. Agriculture including crop production and small scale livestock was the main activity of 60 % of the informants; the others being mainly engaged in services (Teaching, craft, motorbike taxi, etc.).
While the demographic data i.e. Age, Gender, Education level and Main economic activity were collected on all the respondents to analyze their effect on HG ownership, only the 235 HGs owners were retained for diversity and structure analyses in HGs. Their HGs were visited and an exhaustive floristic inventory was carried out. Inventoried species were identified and named following the Botanical nomenclature of Lebrun and Stork [65]. Vouchers of species that could not be identified in field were sent to the national herbarium of Benin where they have been identified by botanists using the national collection database and taxonomic keys. They have been helped by a short description attached to each voucher (local name, site of collection etc.). All vouchers were identified to species level.
The total number of individuals as well as the area covered by each species in a HG were recorded. The covered area of each species was recorded as the abundance/dominance coefficient following Braun-Blanquet [66]. Areas of HGs were measured and their ages were estimated with the assistance of tenders. For each HG, it was also noted if the HG has been inherited or set up by the owner.

Data analysis
Assessing the socio-economic factors influencing HG ownership
A generalised linear model (GLM) with binomial error distribution, was used to assess the socio-economic factors influencing HG ownership (Yes coded 1 or No coded 0). The used explanatory variables included gender (Male versus Female), education level (Uneducated, Primary school, Secondary school and more) and main economic activity (Agriculture and non-agriculture) as factors and age as covariate. The same statistical method was used to explore the effect of gender and age of HG owners on origin of HG (Inherited versus Non-inherited). Specifically for non-inherited HG i.e. own established HG, we performed a GLM with negative binomial error to assess the effect of age and gender on their occurrence. This enables inferring the temporal pattern of establishment of HG across gender. A negative binomial error was preferred over a poisson or quasi-poisson error because it showed the lowest deviance [67].

Assessing socio-economic and HGs characteristics influencing plant diversity in HGs
Species richness of each HG was used as an estimate of plant diversity in HG. The socio-economic characteristics used were the same as above (i.e. age, gender, education level and main economic activity) while HGs characteristics included HG size and age, which were considered as covariates. A GLM with the negative binomial error distribution that showed the lowest deviance [66] was used to investigate which of the above characteristics significantly affected plant diversity in HGs.
For all GLMs, only significant terms or terms included in a significant interaction were retained in the final model. To this end, all possible interactions were first included in the initial models. These models were then simplified in a stepwise-backward procedure coupled with chi-square (χ2) tests based on likelihood ratio to obtain minimal adequate models.

Assessing structure of home gardens and their relationship with socio-economic conditions of HG owners
To assess structure of HGs and their relationship with socio-economic conditions of HGs owners a four step analysis was conducted. The encountered plant species were first classified into five plant morphological groups (life form) including Herbs, Shrubs, Lianas, Palms and Trees. In a first step, a hierarchical clustering (using Ward distance) of HGs was performed based on the following HG structural characteristics: HG size, species richness (SR), number of CWRs (CWR), raw spectrum (RS) and weighted spectrum (WS) of each of the five plant groups, i.e. RS-Herbs, RS-Shrubs, RS-Liana, RS-Palms, RS-Trees and WS-Herbs, WS-Shrubs, WS-Liana, WS-Palms, WS-Trees respectively. Both RS and WS were expressed in %. RS measures abundance while WS measures dominance. This analysis enabled to define ten clusters of HGs. A matrix presenting the mean of the above structural parameters per cluster of HGs were thus defined. In a second step, a principal component analysis was used on this matrix to describe on the one hand the relationships between the structural parameters of HGs and on the other hand the structure of each cluster. This description allows categorizing again the HG clusters into three categories. In a third step, the relative frequencies of the categories of HGs were assessed across bio-geographical zones to detect whether prevalence of the categories of HGs varied across bio-geographical zones. Finally, fifteen groups of HG owners were defined by the combination of the levels of the socio-economic factors: age category (Young, Adult, Old), gender (Male, Female), education level (Uneducated, Primary school level, Secondary school level) and main economic activity (Agriculture, Non-agriculture). Fifteen groups were defined instead of 36 because some categories lack HG owners. A contingency table was built by crossing these categories of socio-economic characteristics and the three categories of HGs. A simple correspondence analysis was then used on this contingency table to examine relationships between the categories of HGs and socio-economic characteristics of HG owners (age, gender, education level and main economic activity).
Packages MASS [68] and FactoMineR [69] of the statistical software R version 2.15.3 (R Development Core Team 2013) were used for the negative binomial GLM and the multivariate analyses respectively. Statistical significance was set to 5 %.



Results
Socio-economic factors influencing HG ownership
Regardless of their status (HG owner or not), informants interviewed were mostly male (64 %) but there were more females among informants with home gardens than informants without home gardens (respectively 44 % and 29 %). The proportion of adult and old people (age >30) was higher among HG owners as compared to non-owners (88 % vs. 64 %). Farming was the predominant activity among informants regardless of HG ownership (61 % and 56 %, respectively for owners and non-owners). Respectively 37 % and 44 % of HG owners and non- owners were uneducated (never attended the school). Among the four explanatory variables abovementioned (gender, age, education level and main economic activity), only three i.e. gender, age and education level were retained in the model after stepwise selection. Furthermore, only the “age of HG owner” was found to significantly determine ownership of HG (p-value < 0.001, Table 2). Regardless of gender and education level, age is positively correlated with HG ownership (0.094; Table 2, Fig. 2a). Significant interactions included age ~ gender (p-value <0.026), age ~ education level (p-value <0.014) and age ~ gender ~ education level (p-value <0.002) (Fig. 2a, Table 2), indicating that the effect of age was respectively gender-dependent, education level-dependent and both gender and education level dependent. Irrespective of education level, it was more likely to find a female owner than a male owner with increasing age (Table 2, Fig. 2b). But the reverse case was true beyond 70 years old (Table 2, Fig. 2b). Similarly, with increasing age and irrespective of the gender, most owner are educated at primary school level (Table 2, Fig. 2c). Finally, with increasing age, the uneducated informants and those with primary school education contained more males than females HG owners, while among the informants of secondary school level or more, there were more females than males HG owners (Table 2, Fig. 2d).Table 1Characteristics of the three bio-geographical zones


	 	Bio-geographical zones

	Parameters
	Semi-arid
	Sub-humid
	Humid zone

	Location
	9°45’-12°25’ N
	7°30’-9°45’ N
	6°25’-7°30’ N

	Rainfall regime
	Unimodal
	Unimodal
	Bimodal

	Rainfall (mm)
	<1000
	900-1110
	1200

	Temperature (°C)
	24-31
	25-29
	25-29

	Relative humidity (%)
	18-99
	31-98
	69-97

	Climate type
	Dry tropical
	Humid tropical
	Humid tropical

	Density of population††
                                          
	33-49
	51-162
	191-8593

	Days of growing season
	90-100
	180-270
	270-365


Adapted from Jahnke and Jahnke [57] Natta et al. 2003; Hijmans et al. 2004; Sinsin et al. [58]. INSAE [59] ††Inhabitant.km−2
                                 



                           Table 2Socio-economic factors influencing HG ownership: summary of the results of the generalised linear model using the negative binomial error distribution (R2 = 0.18)


	Factors
	Estimate
	Std. error
	z-value
	Pr(>|z|)

	Male
	0.523
	0.757
	0.691
	0.489

	Age of HG owner
	0.094
	0.028
	3.418
	
                              0.001
                            

	Schol+
	−1.106
	0.893
	−1.238
	0.216

	Unedu
	0.247
	0.814
	0.303
	0.762

	Male:Age of HG owner
	−0.053
	0.024
	−2.219
	
                              0.026
                            

	Age of HG owner:Schol+
	0.044
	0.033
	1.344
	0.179

	Age of HG owner:Unedu
	−0.061
	0.025
	−2.464
	
                              0.014
                            

	Male:Age of HG owner:Schol+
	−0.033
	0.021
	−1.590
	0.112

	Male:Age of HG owner:Unedu
	0.046
	0.015
	3.059
	
                              0.002
                            



                                    Schol+ secondary school and more, Unedu uneducated



                           [image: A13002_2015_41_Fig1_HTML.gif]
Fig. 1Location of study sites




                           [image: A13002_2015_41_Fig2_HTML.gif]
Fig. 2Effect of age, gender, education level and their interactions on HG ownership




                        
When examining the origin of the HG, only age was found to significantly affect inheritance status of HG (GLM with negative binomial error distribution, Df = 1, Deviance = 34.68, Prob. = 0.000, R2 = 0.41). Inherited HGs were owned by young informants while non-inherited HGs i.e. self-established HG were owned by adults and older people (Fig. 3a). Examining occurrence of non-inherited HGs against age and gender of their owners, we found that these two factors non-additively significantly affect number of non-inherited HGs in addition to the significance of their main respective effects which together explained 25 % of the observed variation (Table 3). While number of non-inherited HGs decreased with increasing age of HG owner for females, it was stable for males (Fig. 3b).[image: A13002_2015_41_Fig3_HTML.gif]
Fig. 3Effects of age and gender of owners and the inheritance status of HG




                           Table 3Effect of age and gender on number of Non-inherited HGs: summary of the results of the generalised linear model using the negative binomial error distribution (R2 = 0.25)


	Factors
	Estimate
	Std. error
	z value
	Pr(>|z|)

	(Intercept)
	2.562
	0.550
	4.654
	0.000

	Age
	−0.041
	0.011
	−3.697
	0.000

	Gender Male
	−2.009
	0.764
	−2.630
	0.008

	Age: Gender Male
	0.039
	0.015
	2.670
	0.007




                        

Socio-economic conditions and HG features influencing plant diversity in HGs
285 plant species were recorded in the 235 inventoried home gardens spanning the three bio-geographical zones. The average number of species per home gardens was 10.1 species with a coefficient of variation of 58.15 % indicating some discrepancies among HGs. The richest HG hosted 52 plant species, whereas the poorest HG held one plant species. The average value of plant diversity was 9.97 ± 1.03 SE species for young, 10.23 ± 0.50 SE species for adult and 10.17 ± 0.80 SE species for old HGs owners. Similarly, the average value of plant diversity was 9.81 ± 0.46 SE species for women HG owners versus 10.48 ± 0.59 SE species for men.
Neither the age of HG owner nor the size of the HG significantly influenced plant diversity richness in HGs. However, age of HG overall significantly (p-value < 0.033) determined plant species richness in HGs. The positive value of the estimate for this factor (0.035, Table 4) indicate that the older the HG, the more diversified it is (Fig. 4a). Plant diversity fairly increased with increasing size of HG (Fig. 4b) without being significant (p-value < 0.053). Significant interactions were also found for age of HG owner ~ size of HGs (p-value < 0.023) and age of HG owner ~ age of HGs (p-value < 0.036) (Table 4), indicating that the effect of the size of HG and the effect of the age of HGs on plant diversity in HGs were dependent on the age of the owner. With increasing age of HG, the cultivated plant diversity decreased for young, increased for adult and was stable for old owners (Fig. 4c). With increasing size of HGs, plant diversity decreased for young and adult person but increased for old persons (Fig. 4d).Table 4Socio-economic factors and HGs characteristics influencing cultivated plant diversity in HG: summary of the results of the generalised linear model using the Poisson error distribution (R2 = 0.11)


	Factors
	Estimate
	Std. Error
	z value
	Pr(>|z|)

	Age of HG owner
	−0.0021
	0.0042
	−0.510
	0.610

	Size of HG
	−0.0002
	0.0001
	−1.931
	0.053

	Age of HG
	0.0349
	0.0164
	2.133
	
                              0.033
                            

	Age of HG owner: Size of HG
	0.0000
	0.0000
	2.269
	
                              0.023
                            

	Age of HG owner: Age of HG
	−0.0007
	0.0003
	−2.098
	
                              0.036
                            



                                    HG home garden



                           [image: A13002_2015_41_Fig4_HTML.gif]
Fig. 4Effect of the age and size of HGs and their interaction with the age of the HG owner on plant species richness of HGs YoungP = Young people; Adultp = Adult people; Oldp = Old people




                        

Structure of HGs and its relationships with socio-economic characteristics of HG owners
Structure of HGs
The hierarchical cluster analysis applied on the structural floristic characteristics of the 235 HGs, distinguished 10 clusters of HGs. This was defined by their size, plant diversity (species richness), richness of crop wild relatives (CWR), and prevailing plant group. Cluster 1 grouped essentially herb based gardens (respectively 89.03 % and 94.86 % of raw and weight spectra) with an average size of 0.09 ha ± 0.01 SE. Average species richness was 9.22 ± 0.75 SE, including 0.45 ± 0.10 SE CWRs. Cluster 2 grouped small size HGs (0.02 ha ± 0.01 SE), hosting on average 7.38 species ± 0.70 SE including 0.02 ± 0.10 SE CWRs. This cluster is composed mostly of herbs (respectively 57 % and 87.68 % of raw and weight spectra), but also including shrubs (respectively 28.79 % and 8.76 % of raw and weight spectra) and trees (respectively 13.74 % and 3.48 % of raw and weight spectra). Home gardens under Cluster 3 showed even predominance of herbs (respectively 40.54 % and 51.94 % of raw and weight spectra) and shrubs (respectively 39.39 % and 40.1 % of raw and weight spectra) but also trees (respectively 18.70 % and 7.35 % of raw and weight spectra). The average size was 0.04 ha ± 0.01 SE for an average species richness of 14.34 ± 0.09 SE including 0.55 ± 0.09 SE of CWRs. Cluster 4 gathered gardens mainly composed of herbs (55.66 % and 69.94 % respectively of raw and weight spectra) but also of shrubs (respectively 18.71 % and 21.88 % of raw and weight spectra), palms (respectively 17.89 % and 5.39 % of raw and weight spectra) and few trees (7.74 % and 2.80 % respectively of raw and weight spectra). The average size was 0.05 ha ± 0.00 SE with a species richness of 7.19 ± 0.62 SE including 0.56 ± 0.04 SE CWRs. Cluster 5 also included herb-based gardens (respectively 70.68 % and 78.83 % of raw and weight spectra) yet with notable prevalence of trees (respectively 21.75 % and 14.50 % of raw and weight spectra) and few shrubs (6.27 % and 6.07 % respectively of raw and weight spectra). The average size was 0.05 ha ± 0.01 SE with a species richness of 12.10 ± 0.59 SE including 1.14 ± 0.11 SE CWRs. Cluster 6 grouped gardens mostly composed of herbs (57.44 % and 72.03 %), shrubs (respectively 16.64 % and 13.40 % of raw and weight spectra), trees (respectively 14.29 % and 9.79 % of raw and weight spectra) and Liana (respectively 11.31 % and 4.75 % of raw and weight spectra). These HGs in average covered 0.11 ha ± 0.02 SE with a species richness of 10.68 ± 1.08 SE including 0.50 ± 0.06 SE CWRs. In contrary to previous clusters, shrubs (respectively 43.85 % and 72.08 % of raw and weight spectra) were predominant in HG of cluster 7 which also hosted trees (respectively 27.29 % and 4.13 % of raw and weight spectra) and herbs (respectively 26.65 % and 23.25 % of raw and weight spectra). These gardens were in average of small size (0.02 ha ± 0.00 SE) with a species richness of 6.12 ± 0.86 SE including 0.12 ± 0.08 SE CWRs. Cluster 8 grouped gardens composed mostly and almost equally of shrubs (respectively 39.23 % and 33.82 % of raw and weight spectra) and herbs (respectively 37.28 % and 33.82 % of raw and weight spectra) but also including a few trees (respectively 17.03 % and 13.46 % of raw and weight spectra) and few Liana (respectively 3.62 % and 1.63 % of raw and weight spectra) and palms (respectively 2.85 % and 1.63 % of raw and weight spectra). These gardens covered in average 0.04 ha ± 0.01 SE with a species richness of 31.5 ± 04.31 SE including 0.83 ± 0. 17 SE CWRs. The two last clusters were particularly different from the previous. Cluster 9 was indeed composed mostly of palms (respectively 54.4 % and 50.88 % of raw and weight spectra) and Liana (respectively 18.02 % and 39.54 % of raw and weight spectra) but also included shrubs (respectively 19.315 and 8.96 % of raw and weight spectra), a few trees (6.77 % and 0.01 % respectively of raw and weight spectra) and few herbs (respectively 1.47 % and 0.62 % of raw and weight spectra). The average size was 0.18 ha ± 0.05 SE with a species richness of 11.38 ± 1.34 SE including 0.37 ± 0.18 SE CWRs. Finally, cluster 10 grouped palm-dominated HGs (respectively 64.43 % and 90.68 % of raw and weight spectra) but also hosting shrubs (respectively 24.04 % and 6.38 % of raw and weight spectra) and few herbs (respectively 4.45 % and 1.61 % of raw and weight spectra), trees (respectively 4.19 % and 0.00 % of raw and weight spectra) and Liana (respectively 2.90 % and 1.13 % of raw and weight spectra). The average size was 0.4 ha ± 0.08 SE with a species richness of about 10.10 ± 0.85 SE including 0.2 ± 0.13 SE CWRs.
Overall, the five first clusters encompassed approximately 73.7 % of the sampled HGs while the remaining clusters encompassed 26.3 % of the sampled HGs. Clusters 2, 3, 4, 5, 7 and 8 contain small size HGs (0.02 to 0.05 ha), while clusters 9 and 10 contain the largest HGs(0.18 to 0.4 ha). The remaining clusters encompassed HGs with intermediate size ranging in average from 0.09 to 0.11 ha. Most clusters included HGs with an average plant richness ranging from approximately 7 to 12 species. The highest values of plant richness were found in HGs of cluster 8 with a maximum of 52 species. The HGs of all the clusters portrayed relatively low (if any) richness of CWR. Higher values of CWR (2 to 4) and were observed in HGs of clusters 1 and 5. Based on prevailing plant groups, clusters 1, 2, 4, 5 and 6 were those of HGs with high prevalence of herbaceous plants while clusters 7 and 8 were gardens with high prevalence of shrubs and trees. Clusters 9 and 10 contain gardens with high prevalence of palms and Liana.
Results of the principal component analysis (PCA) on the structural parameters of HGs by the previous clusters (Fig. 5) saved 66.14 % of the total variance on the two first components. The first component is positively correlated with size of HGs, prevalence of palms and lianas whereas it is negatively correlated with richness of CWR, herbs and tree prevalence (Fig. 5a). The second component is positively correlated with tree and shrub prevalence and negatively correlated with size, richness of CWR and Herb prevalence (Fig. 5a). Thus, Palm and Liana prevailing HGs were often larger with low richness of CWR and to a lesser extent with low overall plant richness. In contrast, HGs with a high number of herbs and/or shrubs were often of small size. However, large herbs-dominated HGs were often floristically more diversified and showed higher richness of CWR.[image: A13002_2015_41_Fig5_HTML.gif]
Fig. 5Projection of structural features of clusters of HGs (a) and projection of clusters of HGs (b) in the axes system1 and 2. RS = Raw Spectrum; WS = Weighted Spectrum; Lia = Liana




                           
Plotting the ten clusters onto the two axes, the three previous main categories of HGs were easily distinguishable (Fig. 5b).	
                                       Herb-based HGs, represented by clusters 1, 2, 4, 5 and 6 (Fig. 5b). Within this category, HGs areas were highly variable ranging from 0.01 ha to 0.38 ha. The plant richness was among the highest of the sample for larger herb-based gardens but low for smaller herb-based gardens. Smallest HGs of this category sheltered no CWR while large gardens (i.e. cluster 5) hosted the highest CWR richness;

	
                                       Herbs and shrubs/trees-based HGs, represented by clusters 3, 7 and 8 (Fig. 5b). Within this category, HGs were of smaller sizes with also plant diversity amongst the smallest of the sample with very few if none CWR recorded. However, some HGs of this category (i.e. Cluster 3) were exceptionally richer. HGs of this category were also characterised by notable presence of trees;

	
                                       Palm and liana-based HGs, represented by clusters 9 and 10 (Fig. 5b). These HGs were the largest, yet with low overall plant and CWR richness.




                           

Structural characteristics of HGs across bio-geographical zones
Clusters of HGs were diversely distributed across the three studied bio-geographical zones. Clusters 3, 4, 5, 6, 7 and 8 were only encountered in humid and sub-humid zones while clusters 1 and 2 were only observed in semi-arid zone. Clusters 9 and 10 were observed in sub-humid and semi-arid zones. Regarding the prevailing plant group, herb-based HGs were the most prevalent in general, although this varied depending on the bio-geographical zone (Fig. 6). Herbs and shrubs based, shrubs and trees based, and herb and trees based gardens were most often encountered in humid and sub-humid zones and rare in the semi-arid zone. Palm and liana-based gardens were often encountered in sub-humid and semi-arid zones.[image: A13002_2015_41_Fig6_HTML.gif]
Fig. 6Relative frequency of home gardens with high prevalence of specific plant group across bio-geographical zones




                           
Analysis of the vertical arrangement of the vegetation within gardens revealed that most gardens (96.75 %) contained an herbaceous stratum while about 50 % of them had an intermediate shrub layer and 32 % an upper stratum (Tree or palm). Most HGs in the humid zone lacked an upper tree layer (85.21 % of gardens). HGs with an intermediate layer were mostly encountered in humid (44.5 % of gardens) and in sub-humid HGs (70.5 % of gardens). Gardens with upper stratum were mostly observed in sub-humid (45.75 % of gardens) and Semi-arid zones (38.5 % of gardens). Some rare cases (3.25 %) of HGs without herbaceous stratum were encountered in the sub-humid zone.

HGs structure as related to socio-economic characteristics of HG owners
The correspondence analysis assessing how HGs structure is related to socio-economic characteristics of HG owners (Fig. 7) indicated (with 100 % of variance saved) the following:	
                                       Herb-based HGs were owned mainly by young men as well as young, adult and old women, regardless of the education level (Fig. 7). Small HGs were owned by young men and women while larger HGs were owned by adult and old women.

	
                                       Herbs and Shrubs based HGs belonged mainly to men regardless of age and education level (Fig. 7).

	
                                       Palms based HGs were owned mainly by old men regardless of education level and also by adult men with primary and secondary level school and adult uneducated women (Fig. 7). Gardens owned by old men were larger, more diversified and with higher CWR record.




                              [image: A13002_2015_41_Fig7_HTML.gif]
Fig. 7Projection of HGs categories and HGs owner socio-economic characteristics in the systems axis 1 and 2 HGs categories: HHG = Herb based Home garden, HSHG = Herb and Shrub based Home Garden, SHG = Shrub based Home Garden, TPHG = Tree and Palm based Home garden−−Socio-economic groups of HGs owners: YMU = Young Male Uneducated, YMP = Young Male with Primary school level, YMS = Young Male with Secondary school level, YFU = Young Female Uneducated, YFP = Young Female with Primary school level, YFS = Young Female with Secondary school level, AMU = Adult Male Uneducated, AMP = Adult Male with Primary school level, AMS = Adult Male with Secondary school level, AFU = Adult Female Uneducated, AFP = Adult Female with Primary school level, AFS = Adult Female with Secondary school level, OMU = Old Male Uneducated, OMP = Old Male with Primary school level, OMS = Old Male with Secondary school level, OFU = Old Female Uneducated, OFP = Old Female with Primary school level, OFS = Old Female with Secondary school
                                       




                           



Discussion
This study analyses how socio-economic conditions of people and HGs characteristics determine ownership, plant diversity as well as structure of HG.
The fact that probability of HG ownership increases with age suggests that adult and elderly people are more involved in gardening activities than young people. This finding supports previous observations [14] in Nicaragua, [70] Texas (USA) and [71] central Italia. Such finding, particularly for old persons could suggest that gardening activities do not require intensive physical efforts and thus are adapted to declining capacity of old people to reach distant farms or/and need to have useful plants species at hand for daily use. In the particular context of the study area, women and older men are known to keep cultivation fields close to their village including HGs, while the younger men rather use distant fields [72].. While there was no discrepancy in HG ownership between adult men and women, at an earlier age (<30), it was more likely to find young women owner of gardens than young men and inversely at a later age (>60). Early involvement of women in home gardening is consistent with the trend previously observed in Latin American HGs [14, 18, 52]. Such observation could be explained by the local and cultural context of the study area, which predisposes women at earlier age to home gardening. Indeed, there is a discrepancy between young men and women in access to school [73] with less enrolment for young women. Thus the latter are more involved in household related works than younger men. The early involvement of young women in gardening activities is probably not a deliberate choice but rather a strategy to gain a certain social status, enhance their livelihoods and purchase power [18], particularly in a patriarchal context of African societies where farmland property right is largely male-dominated [74]. Our data also support the hypothesis that the education level does not affect HG ownership. This observation is not necessarily associated with the low school enrolment rate of developing countries. For instance in a case study from a developed country (Texas, USA) [70] HG owners were also irregularly distributed among education levels with no obvious trend. However, we remarked that more HG owners were less educated, probably because people with higher education level have access to other job opportunities and thus may have less time to allocate to home gardening.
In the study area we detected two ways to own a HG: non-inheritance i.e. own initiation and inheritance. Inheritance of HG was consistently more seen in young informants than for adults and old informants.
Because only 18 % of the observed variation in HG ownership was explained by age, gender and education level, in the future additional characteristics (i.e. status in household, farmland asset, distance from farm, number of farms, etc.) as well as local context (i.e. importance of animal rearing, Land tenure, market opportunities, etc.) should be combined to develop reliable predictive models of HG ownership.
Plant diversity in HG is assumed to be determined by complex socio-economic and ecological factors [49, 50] as well as intrinsic features of HG [75, 76]. While our data partially support this hypothesis, our analyses suggest that this should be placed into a specific context. For instance in this study neither the age of gardener, gender, education level nor size of HG were found to significantly influence plant diversity (species richness) in HGs. These observations are inconsistent with previous studies in tropical HGs. Indeed age and gender of the garden caretaker were previously reported to be significant variables explaining differences in agro-biodiversity among households in the Peruvian amazon [77] where an increase of 10 years in age corresponded to a predicted increase of 1.40 species in the garden. Also, garden size significantly influences species richness in different regions worldwide (e.g. Niger [76]; Northeastern Brazil [75]; Indonesia [78]). While these trends were not observed in Benin, our data rather revealed that the age of the HG significantly determined its plant diversity (p-value < 0.033). The older the HG, the more diversified the species (richness) (Table 3, Fig. 5), which is congruent with observations in Amazonian villages [49] but contradicts findings in Mexico [52] and in Indonesia [53], where plant diversity in young HGs was higher than in older ones. Beyond differences in socio-economic and ecological contexts among these regions, the discrepancies observed in this study would suggest that (i) the age of HG is not a comprehensive and reliable predictor of plant diversity in HGs and (ii) it should be considered in its context, for instance by accounting for the age of the gardener. Indeed, our findings support that plant diversity in HGs is determined by interaction of age of HG with age of gardener. While plant diversity within HGs decreased with the age of HG for young owners, it increased with the age of HG for adult and was stable with age of HG for elderly people. These results could be explained by the following two reasons. First, young people tend to produce plants with attractive market value [38]. As such, diversity of plant within their HGs would continuously be adapted to local market demand. Second, young people who generally inherited their HGs may have little knowledge about all plants maintained within these HGs. Consequently they could selectively use and manage plants of interest and then cause depletion of unknown plants. In contrary, adult people might be less market-oriented and therefore cultivate plants regardless of their cash value.
Plant diversity in HG was also influenced by the interaction of the size of HGs and age of the gardener. Indeed, plant diversity decreased with increasing size of HG for young and adult persons and increased with increasing size of HG for the elderly. Such observations indicate a trend of simplification of home gardens diversity with increasing HG size across generations and could suggest a critical decline of the plant diversity maintained in HG across generations. Indeed, the age of the owner of the HG is very important because plant acquisition is known to be a lifelong undertaking [77].
Only 11 % of the total variation of plant diversity among HG was explained by the here-considered variables (age, gender, education level, age and size of HG) suggesting that there is a need to integrate supplementary factors such as land assets, social capital, culture and labor into the model [77]. Additionally, there is a need to better understand the function of a HG in a specific context. While their contribution to agro-biodiversity conservation is obvious [20, 22], in many cases, HGs are primarily devoted to food and non-food productions [11]. With agricultural dynamics including production orientation, changes on HGs structure have been reported [79, 41]. In the study area some gardens were converted into “small farms” for conventional herb of vegetables production (Gbedomon R.C., field observations). Personal observations, which should be tested in the future, suggest that models explaining HG ownership and their plant diversity could be improved by a prior typology of HGs, which could be used as a dummy variable in the models.
Three categories of HGs were distinguished in the study area: (i) herb based gardens, (ii) herb and shrub gardens and (iii) palm and lianas gardens. Herbs based gardens were the most encountered from Humid to Semi-arid zones, indicating that herbs are an invariable HG component as reported by [39, 80]. Herb and shrub based HGs were mostly encountered in Humid and Semi-arid zones while palms and lianas were mostly encountered in sub-humid and semi-arid zones. In southern Benin (Humid zone), where land availability is very low due to high population density [60], herbaceous plants are preferred over shrubs, trees and palms, presumably because of their short reproductive cycle, which allows an efficient management of land, a flexibility in species composition management as well as abundant harvests in the growing season. In middle and north Benin (sub-humid and semi-arid zones), the short reproductive cycle of herbaceous species could be a solution against the declining length of the rainy season [81]. Because of more land availability in these zones [48], HGs are larger, which allows maintenance of shrubs, palms and trees (i.e. individuals of Parkia biglobosa, Vitellaria paradoxa or Palm species).
According to our findings, HG structure is dynamic and it is influenced by the socio-economic conditions of the HG owner as well as ecological conditions, as reported elsewhere [49, 50]. Women, presumably because of their specific daily needs, generally owned herb-based or herbs and shrub-based HGs. These categories of HGs shelter seasonal, annual or biannual plant species that likely provide relatively stable year-round products for household consumption. Women are known to use HG products for daily consumption of the household rather than for sale or gifts [82]. In contrast, young people are mainly interested in wild or semi-wild species with attractive market values [38]. HGs owner characteristics and ecological conditions, as well as local context could also influence the structure of HGs. This has been illustrated in a recent study suggesting that market access and marketing opportunities led to changes in the structure, composition and function of HGs [40, 41].

Conclusion
This study showed that HG ownership is more dependent upon interactions between socio-economic factors than between the individual effects of these factors. Similarly, interactions between these factors and intrinsic features of HG better explained the differences in plant diversity among HGs. While plant diversity (species richness) was not determined by age or gender of the HG owner, these variables significantly affected plant composition (prevailing plant groups) within HGs. The observed early involvement of women in home gardening evidences their traditional responsibility in being responsible for HG. Furthermore their important interest in herbs and shrubs demonstrate a gender-biased (in favor of female) asset for conservation of agro-biodiversity especially CWRs, landraces and wild leafy vegetables. Therefore, training programs aiming at agrobiodiversity conservation should focus on women.
The study also shows a positive correlation between plant diversity and HG size but a decreasing effect of owners’ age (generational) on plant diversity. In absence of interventions and in the context of current social and agricultural change, the risk of simplification and dissolution of HG, previously projected [11], seems to be a real challenge. Urgent actions are required to actively integrate HGs into national conservation strategies.
Finally we conclude that HG ownership as well as plant diversity of plant in HG are affected by many correlated factors, i.e., socio-economic, demographic, local context, ecological conditions and intrinsic features of gardens etc. Thus, miss-specification or simplification of complexity could lead to wrong models and misinterpretations. Scientists and decision makers should therefore account for that risk when formulating policies.

Acknowledgment
R.C. Gbedomon was supported by a National Doctoral Scholarship. A.B. Fandohan acknowledges funding from the Georg Forster Hermes Research Fellowship programme of the Alexander von Humboldt Foundation (fellowship no 3.4-BEN/1155509 STP). We also acknowledge the kind support of Florent Noulekoun, Massihoundath Sanni and Wassilatou Abdou Ibrahim for data collection. We are grateful to Tina Kyndt, Ahmed Khan, Aida Cuni Sanchez, reviewers and the handling editor for constructive comments that helped to improve the manuscript.

References
1.
Fandohan B, Assogbadjo AE, Glèlè Kakaï RL, Sinsin B. Effectiveness of a protected areas network in the conservation of Tamarindus indica (Leguminosea–Caesalpinioideae) in Benin. Afr J Ecol. 2011;49:40–50.CrossRef

2.
Fandohan B, Gouwakinnou GN, Fonton NH, Sinsin B, Jian L. Impact of climate change on the geographical distrubution of suitable areas for cultivation and conservation of underutilized fruit trees: case study of the tamarind tree in Benin. Biotechnol Agron Soc Environ. 2013;17:450–62.

3.
Garrity DP, Akinnifesi FK, Ajayi OC, Weldesemayat SG, Mowo JG, Kalinganire A, et al. Evergreen Agriculture: a robust approach to sustainable food security in Africa. Food Security. 2010;2:197–214.CrossRef

4.
Zomer RJ, Trabucco A, Coe R, Place F. Trees on farm: analysis of global extent and geographical patterns of agroforestry. ICRAF Working Paper-World Agroforestry Centre. 2009.

5.
Fowler C, Moore GK, Hawtin G. The International Treaty on Plant Genetic Resources for Food and Agriculture. Bioversity International. 2003.

6.
Finckh M, Gacek E, Goyeau H, Lannou C, Merz U, Mundt C, et al. Cereal variety and species mixtures in practice, with emphasis on disease resistance. Agronomie. 2000;20:813–37.CrossRef

7.
Jarvis A, Upadhyaya H, Gowda C, Agrawal P, Fujisaka S, Anderson B. Climate change and its effect on conservation and use of plant genetic resources for food and agriculture and associated biodiversity for food security. 2008.

8.
Sunwar S, Thornström C-G, Subedi A, Bystrom M. Home gardens in western Nepal: opportunities and challenges for on-farm management of agrobiodiversity. Biodiversity & Conservation. 2006;15:4211–38.CrossRef

9.
Buchmann C. Cuban home gardens and their role in social–ecological resilience. Hum Ecol. 2009;37:705–21.CrossRef

10.
Cabalda AB, Rayco-Solon P, Solon JAA, Solon FS. Home gardening is associated with Filipino preschool children’s dietary diversity. J Am Diet Assoc. 2011;111:711–5.PubMedCrossRef

11.
Kumar BM, Nair PR. The enigma of tropical homegardens. Agrofor Syst. 2004;61:135–52.

12.
Thompson B, Amoroso L. 36 Selected Findings and Recommendations. Improving Diets and Nutrition: Food-based Approaches. 2014:381.

13.
Drescher A, Holmer R, Iaquinta D. Urban homegardens and allotment gardens for sustainable livelihoods: Management strategies and institutional environments. In: Tropical Homegardens. Springer. 2006: 317–338.

14.
Méndez VE, Lok R, Somarriba E. Interdisciplinary analysis of homegardens in Nicaragua: micro-zonation, plant use and socioeconomic importance. Agrofor Syst. 2001;51:85–96.CrossRef

15.
Schupp JL, Sharp JS. Exploring the social bases of home gardening. Agric Hum Values. 2012;29:93–105.CrossRef

16.
Smith VM, Greene RB, Silbernagel J. The social and spatial dynamics of community food production: A landscape approach to policy and program development. Landsc Ecol. 2013;28:1415–26.CrossRef

17.
Gray L, Guzman P, Glowa KM, Drevno AG. Can home gardens scale up into movements for social change? The role of home gardens in providing food security and community change in San Jose, California. Local Environ. 2014;19:187–203.CrossRef

18.
Howard PL. Gender and social dynamics in swidden and homegardens in Latin America. In: Tropical homegardens. Springer. 2006: 159–182.

19.
Oakley E. Home gardens: a cultural responsibility. LEISA-LEUSDEN. 2004;20:22–3.

20.
Galluzzi G, Eyzaguirre P, Negri V. Home gardens: neglected hotspots of agro-biodiversity and cultural diversity. Biodivers Conserv. 2010;19:3635–54.CrossRef

21.
Munim LA. Home Gardens as Transported Landscapes: Ethnobotanical Encounters with Southeast Asian-American Horticulturists. Petersburg: University of South Florida St; 2013.

22.
Salako VK, Fandohan B, Kassa B, Assogbadjo AE, Idohou AFR, Gbedomon RC, et al. Home gardens: an assessment of their biodiversity and potential contribution to conservation of threatened species and crop wild relatives in Benin. Genet Resour Crop Evol. 2014;61:313–30.CrossRef

23.
Calvet-Mir L, Gómez-Baggethun E, Reyes-García V. Beyond food production: Ecosystem services provided by home gardens. A case study in Vall Fosca, Catalan Pyrenees, Northeastern Spain. Ecol Econ. 2012;74:153–60.CrossRef

24.
Domene E, Saurí D. Urbanization and class-produced natures: Vegetable gardens in the Barcelona Metropolitan Region. Geoforum. 2007;38:287–98.CrossRef

25.
Mazumdar S, Mazumdar S. Immigrant home gardens: Places of religion, culture, ecology, and family. Landsc Urban Plan. 2012;105:258–65.CrossRef

26.
Hondagneu-Sotelo P. Cultivating questions for a sociology of gardens. J Contemporary Ethnography. 2010.

27.
Taylor JR, Lovell ST. Urban home food gardens in the Global North: research traditions and future directions. Agric Hum Values. 2014;31:285–305.CrossRef

28.
Hodgkin T, Watson J, Eyzaguirre P. Home gardens and the maintenance of genetic diversity. In Home gardens and in situ conservation of plant genetic resources in farming systems Proceedings of the Second International Home Gardens Workshop, Witzenhausen, Federal Republic of Germany, 17–19 July, 2001. International Plant Genetic Resources Institute (IPGRI); 2002: 14–18.

29.
Brun T, Reynaud J, Chevassus‐Agnes S. Food and nutritional impact of one home garden project in Senegal. Ecol Food Nutr. 1989;23:91–108.CrossRef

30.
Dansi A, Adjatin A, Adoukonou-Sagbadja H, Faladé V, Adomou AC, Yedomonhan H, et al. Traditional leafy vegetables in Benin: folk nomenclature, species under threat and domestication. Acta Botanica Gallica. 2009;156:183–99.CrossRef

31.
Glew RS, Amoako-Atta B, Ankar-Brewoo G, Presley J, Chuang L-T, Millson M, et al. Non-cultivated plant foods in West Africa: Nutritional analysis of the leaves of three indigenous leafy vegetables in Ghana. Food. 2009;3:39–42.

32.
Ndaeyo N. Assessing the contributions of homestead farming to food security in a developing economy: A case study of Southeastern Nigeria. J Agric Soc Sci. 2007;3:11–6.

33.
Owusu J, Quarshie-Sam S, Nkyi K, Oppong S. Indigenous African food crops and useful plants, their preparations for food and home gardens in Ghana. UNU/INRA Natural Resources Survey Series. 1994:96.

34.
Yiridoe EK, Anchirinah VM. Garden production systems and food security in Ghana: Characteristics of traditional knowledge and management systems. Renewable Agriculture and Food Systems. 2005;20:168–80.CrossRef

35.
Faber M, Phungula MA, Venter SL, Dhansay MA, Benadé AS. Home gardens focusing on the production of yellow and dark-green leafy vegetables increase the serum retinol concentrations of 2–5-y-old children in South Africa. Am J Clin Nutr. 2002;76:1048–54.PubMed

36.
Faber M, Venter SL, Benade A. Increased vitamin A intake in children aged 2–5 years through targeted home-gardens in a rural South African community. Public Health Nutr. 2002;5:11–6.PubMedCrossRef

37.
Idohou R, Fandohan B, Salako VK, Kassa B, Gbèdomon RC, Yédomonhan H, Glèlè Kakaï RL, Assogbadjo AE. Biodiversity conservation in home gardens: traditional knowledge, use patterns and implications for management. Int J Biodiversity Science, Ecosystem Services & Management. 2014:1–12.

38.
Avohou HT, Vodouhe RS, Dansi A, Kpeki B, Bellon M. Ethnobotanical Factors Influencing the Use and Management of Wild Edible Plants of Agricultural Environments in Benin. Ethnobotany Research & Applications. 2012;10:571–92.

39.
Abdoellah OS, Parikesit BG, Hadikusumah HY. Home gardens in the upper citarum watershed, West Java: a challenge for in situ conservation of plant genetic resources. Home gardens and in situ conservation of plant genetic resources in farming systems. 2002:140.

40.
Abebe T, Sterck F, Wiersum K, Bongers F. Diversity, composition and density of trees and shrubs in agroforestry homegardens in Southern Ethiopia. Agrofor Syst. 2013;87:1283–93.CrossRef

41.
Abebe T, Wiersum K, Bongers F, Sterck F. Diversity and dynamics in homegardens of southern Ethiopia. In: Tropical Homegardens. Springer; 2006: 123–142.

42.
Keller GB, Mndiga H, Maass BL. Diversity and genetic erosion of traditional vegetables in Tanzania from the farmer’s point of view. Plant Genetic Resources: Characterization and Utilization. 2005;3:400–13.CrossRef

43.
Chimonyo M, Bhebhe E, Dzama K, Halimani T, Kanengoni A. Improving smallholder pig production for food security and livelihood of the poor in Southern Africa. In: African Crop Science Conference Proceedings. 2005: 569–573

44.
Scott MM. Westernization in sub-Saharan Africa: facing loss of culture, knowledge, and environment. College of Arts & Architecture: Montana State University-Bozeman; 2007.

45.
Evenson RE, Gollin D. Crop variety improvement and its effect on productivity: The impact of international agricultural research. Cabi. 2003

46.
Maredia M, Byerlee D, Anderson JR. Ex post evaluation of economic impacts of agricultural research programs: a tour of good practice. 2000.

47.
Gerland P, Raftery AE, Ševčíková H, Li N, Gu D, Spoorenberg T, et al. World population stabilization unlikely this century. Science. 2014;346:234–7.PubMedCentralPubMedCrossRef

48.
Igue AM, Floquet A, Stahr K. Land use and farming systems in Benin. In: F Graef, P Lawrence, and M von Oppen (editors) Adapted farming in West Africa: issues, potentials and perspectives. 2000:227–238.

49.
Coomes OT, Ban N. Cultivated plant species diversity in home gardens of an Amazonian peasant village in northeastern Peru. Econ Bot. 2004;58:420–34.CrossRef

50.
Trinh L, Watson J, Hue N, De N, Minh N, Chu P, et al. Agrobiodiversity conservation and development in Vietnamese home gardens. Agr Ecosyst Environ. 2003;97:317–44.CrossRef

51.
Watson JW, Eyzaguirre PB. Home gardens and in situ conservation of plant genetic resources in farming systems. Bioversity International. 2002.

52.
Aguilar-Støen M, Moe SR, Camargo-Ricalde SL. Home gardens sustain crop diversity and improve farm resilience in Candelaria Loxicha, Oaxaca, Mexico. Hum Ecol. 2009;37:55–77.CrossRef

53.
Kehlenbeck K, Maass B. Crop diversity and classification of homegardens in Central Sulawesi, Indonesia. Agrofor Syst. 2004;63:53–62.CrossRef

54.
Nair PR. An introduction to agroforestry. Springer. 1993.

55.
Hounkpe JC. The Role of Legal Counsel Serving in Parliaments-Country Experience. 2013.

56.
White F. La Vegetation de L'Afrique (The Vegetation of Africa). IRD Editions; 1986.

57.
Jahnke HE, Jahnke HE. Livestock production systems and livestock development in tropical Africa. Kieler Wissenschaftsverlag Vauk Kiel; 1982

58.
Sinsin B, Matig OE, Assogbadjo A, Gaoué O, Sinadouwirou T. Dendrometric characteristics as indicators of pressure of Afzelia africana Sm. dynamic changes in trees found in different climatic zones of Benin. Biodiversity & Conservation. 2004;13:1555–70.CrossRef

59.
INSAE. Resultats provisoires du RGPH4. In Book Resultats provisoires du RGPH4 (Editor ed.^eds.). pp. 7. City; 2013:7.

60.
Judex M, Röhrig J, Schulz O, Thamm H. IMPETUS Atlas du Bénin. Résultats de recherche 2000–2007. Boon: Département de Géographie, Université de Boon; 2009.

61.
EMICoV. Enquête Modulaire Intégrée sur les Conditions de Vie des ménages 2ème Edition. In Book Enquête Modulaire Intégrée sur les Conditions de Vie des ménages 2ème Edition (Editor ed.^eds.). pp. 147. City: ‘Institut National de la Statistique et de l’Analyse Économique (INSAE); 2011:147.

62.
AGVSA. Analyse globale de la vulnérabilité et de la sécurité alimentaire. In Book Analyse globale de la vulnérabilité et de la sécurité alimentaire (Editor ed.^eds.), INSAE BENIN edition. pp. 128. City: Programme alimentaire mondial des Nations Unies (PAM); 2014:128.

63.
Avocèvou-Ayisso C, Sinsin B, Adégbidi A, Dossou G, Van Damme P. Sustainable use of non-timber forest products: Impact of fruit harvesting on Pentadesma butyracea regeneration and financial analysis of its products trade in Benin. For Ecol Manage. 2009;257:1930–8.CrossRef

64.
Assogbadjo AE, Kakaï RG, Chadare F, Thomson L, Kyndt T, Sinsin B, et al. Folk classification, perception, and preferences of baobab products in West Africa: consequences for species conservation and improvement. Econ Bot. 2008;62:74–84.CrossRef

65.
Lebrun J, Stork A. AL 1991–1997. Enumération des plantes à fleurs d’Afrique tropicale. 1991;1:249.

66.
Braun-Blanquet J. Pflanzensoziologie: grundzüge der vegetationskunde. 1964.CrossRef

67.
Crawley M. The R book. West Sussex, England. In Book The R book. West Sussex, England (Editor ed.^eds.). City: John Wiley & Sons Ltd; 2007.

68.
Venables WN, Ripley BD. Modern applied statistics with S. Springer. 2002.

69.
Husson F, Josse J, Le S, Mazet J. FactoMineR: multivariate exploratory data analysis and data mining with R. R package version. 2013;1:102–23.

70.
Waliczek T, Zajicek J, Lineberger R. The influence of gardening activities on consumer perceptions of life satisfaction. HortSci. 2005;40:1360–5.

71.
Negri V. Landraces in central Italy: where and why they are conserved and perspectives for their on-farm conservation. Genet Resour Crop Evol. 2003;50:871–85.CrossRef

72.
Igue A, Floquet A, Stahr K. Land use and farming systems in Benin.[boekaut]. In: Graef F, von Oppen PLeM, editors. Adapted farming in West Africa: issues, potentials and perspectives Stuttgart. Germany: Verlag Ulrich e Grauer; 2000.

73.
DE IESEN, SENSIBLES MEPDP. Politique de Promotion du Genre au Benin: Leurre ou Realite?. 2011.

74.
Judex M, Thamm H. IMPETUS Atlas Benin. Research results 2000–2007. 2008. 3.

75.
Ud A, Andrade L, Caballero J. Structure and floristics of homegardens in Northeastern Brazil. J Arid Environ. 2005;62:491–506.CrossRef

76.
Bernholt H, Kehlenbeck K, Gebauer J, Buerkert A. Plant species richness and diversity in urban and peri-urban gardens of Niamey, Niger. Agrofor Syst. 2009;77:159–79.CrossRef

77.
Perrault-Archambault M, Coomes OT. Distribution of agrobiodiversity in home gardens along the Corrientes River, Peruvian Amazon. Econ Bot. 2008;62:109–26.CrossRef

78.
Kehlenbeck K. Rural homegardens in Central Sulawesi, Indonesia: an example for a sustainable agro-ecosystem. Doctoral Disseration Faculty of Agriculture UniverSity of Gottingen, Germany [On-line] http://​webdoc.​sub.​gwdg.​de/​diss/​2007/​kehlenbeck/​kehlenbeck.​pdf. 2007.

79.
Agelet A, Bonet MÀ, Vallés J. Homegardens and their role as a main source of medicinal plants in mountain regions of Catalonia (Iberian Peninsula). Econ Bot. 2000;54:295–309.CrossRef

80.
Fernandes EC, Nair PR. An evaluation of the structure and function of tropical homegardens. Agr Syst. 1986;21:279–310.CrossRef

81.
Adomou AC. Vegetation patterns and environmental gradients in Benin: implications for biogeography and conservation. Wageningen Universiteit; 2005.

82.
Reyes-García V, Vila S, Aceituno-Mata L, Calvet-Mir L, Garnatje T, Jesch A, et al. Gendered homegardens: a study in three mountain areas of the Iberian Peninsula. Econ Bot. 2010;64:235–47.CrossRef



Competing interests
The author(s) declare that they have no competing interests.

Authors’ contributions
RCG, ABF and AEA designed the study. RCG, VKS and AFRI supervised the field data collection. RCG, VKS and RGK processed the data, performed the statistical analysis and RCG drafted the manuscript with contributions of ABF and VKS. All authors read and approved the final manuscript.

Authors’ information
RCG is a PhD student in agro-ecology at University of Abomey-Calavi. He is working on HGs as a new perspective for phytogenetic resources conservation in Benin.
ABF (PhD) is a Senior Lecturer in natural resources management and conservation biology at University of Agriculture of Kétou, and postdoc fellow at Albert-Ludwigs-Universität Freiburg.
VKS and AFRI are PhD students in conservation biology of wild palm species at University of Abomey-Calavi.
RGK (PhD) is an Associate Professor in Biometry and Forest modeling University of Abomey-Calavi; Young Affiliate of the Third World Academy of Sciences. He is leading the Laboratory of Biomathematics and Forest Estimations.
AEA (PhD) is an Associate Professor in conservation genetic, forest Ecology & ethnobotany at University of Abomey-Calavi; Young affiliate of the World Academy of Sciences and IUCN-SSC-CWRSG Regional Leader for sub Saharan Africa.
All authors are members of a working group on HGs and CWRs at the University of Abomey-Calavi (Benin).


OEBPS/A13002_2015_41_Fig2_HTML.gif
HG ownership

HG ownership

00

10{ (b) * wzmeosom “Gender
206
§
g
z
004
o
] ]
02 2 & e a
o s B @
£ X3 ® @ 24 ® & o 0.0- - sEeE ® ® sem ® o
D o®m » W w0 % ® % W D H B 0 % @ n @ 0
Age of HG owner (years) Age of HG owner (years)
Eacaton —
lovel 10 Jeve! Gender
—— P foiyied
e san | gs o P
o v | g oy
2 e Fe
gos
£ <
© 0.4-
o
. 2
02
WATII TN W WA S & & 00] Ao 1) oA A S B
10 20 30 40 50 60 0 80 %0 100 10 20 80 100

Age of HG owner (years)

30 40 50 60 70
Age of HG owner (years)





OEBPS/sidebar.gif





OEBPS/A13002_2015_41_Fig5_HTML.gif
Dim2(22.73%)

omazere)

00

Dim 1 (£341%)

Dim 1 (4341%)





OEBPS/contact.gif





OEBPS/A13002_2015_41_Article_Equa.gif
_ U xp(lp)
e





OEBPS/A13002_2015_41_Fig7_HTML.gif
Dim2 (36.34%)

45 40 05 00 05 10

Dim 1 (63.66%)





OEBPS/A13002_2015_41_Fig4_HTML.gif
Plants diversity of HG (number of species)

Plant's diversity of HG (number of species)

(a) ° g (b)e
3w
. I
0% o o © ° e T >
08898295 8 00 o o £
o AR E €
PaSo%goos™ [ © H
° o [E o
H
v © - % % T mm ww e ww wwo
Age of HG (years) Size of HG (m2)
(c) > Category | & 55 (d)> e
aae | —
—— A .
oo |3 - Se vons
—e von |8
. S, .
S
e
B
o &
. |
5o

Age of HG (years) Size of HG (m2)





OEBPS/A13002_2015_41_Fig6_HTML.gif
Whole country (n=235)
£ semianaoors) =
g BHerbs & Shrubs/Trees
£ semiumid (r-o0) aPams andiana
3
§  tumdoeoo)
B 0% 20% 40% 60% 80% 100%

Relative Secuency of plant oroups In Home gerdens:





OEBPS/A13002_2015_41_Fig3_HTML.gif
‘Age of the HG owner

80
N

60
L

Iherited  Nonkherited
Iheritance status of the HG

fted HG owners.

Number of Non-nh

(b) Gonder

0 6 70 8 9%
Age of the HG owner






OEBPS/A13002_2015_41_Fig1_HTML.gif
12°00°N

3
o
e

9°0'0°N

z
o
2
=

Semi-arid zone

Sub-humid zone

1060 NIGERIA

Legend

[ st of sty
@ Tanguieta

®) Toucountouna
(3) Boukoumbe
(@ Bassia

® Bante

(®) Dassa-Zoume

@) Aplahoue
(@) Agbangnizoun

(@ Zogbodomey
ATLANTIC OCEAN

2°0'0°E. 300 0'0"E

12°00"N

10°0'0"N 11°0'0"N

9°0'0"N

8°0'0"N

7°0'0"N





