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Abstract

:

Using a cross-sectional dataset, this study examines the factors influencing the income and willingness to pay for indigenous plants by rural households in the North West Province of South Africa. The method of data analysis was based on a two-stage Heckman model. Based on empirical data, the majority (93%) of the households are willing to pay for the indigenous plants. Furthermore, factors such as the age of the household’s head, marital status, size of households, financial returns and economic benefit of indigenous plants significantly influenced income and willingness to pay for indigenous plants by the households. Thus, indigenous plants have the potential to penetrate local and international markets and can be used to improve the economies, livelihood, and food security status of rural households in South Africa. Indigenous plant cultivation can increase agro-food system species diversity while conserving plant species indigenous to this area of South Africa. Encouraging both consumption and production of indigenous plants can also help diversify local economies and communities.
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1. Introduction


Despite the acceleration in the state of technological advancement, the global food system is far behind the exponential increase in population thereby failing to meet the basic food needs and requirements of humans [1,2]. These challenges, as well as the on-going Covid-19 pandemic, have exerted multidimensional shocks on the global food system, thereby making achievements of Sustainable Development targets related to food security and hunger by 2030 doubtful [3,4]. The current global food system remains a diverse mixture of localized and industrialized systems of interconnected food chains [5,6]. However, most of these systems are centered on few exotic crop varieties with little role played by indigenous plants. Food systems supported through indigenous plants are easily sourced within a particular economy and, therefore, are potentially less vulnerable to economic, climatic, as well as the on-going Covid-19 pandemic shocks. The vulnerability related to dependence of a handful of exotic crops is particularly higher in the developing economies which are currently experiencing the effects, as well as of climate change and the unprecedented adverse effects of the Covid-19 pandemic [7,8,9].



Although South Africa has been embedded in the global agro-industrial food system for decades [1], its rural communities still suffer from poor nutritional status and extreme poverty. This indicates that such interconnectedness with global systems centered on exotic food crops may not solve the fundamental issues of malnutrition and hunger. Even though indigenous plants remain affordable sources of several micronutrients, the knowledge and use of these plants are currently low [10,11]. These plants are regarded as minor crops with little marketing and scientific attention [12]. Despite consolidation of the agro-industrial food system, South African food prices remain too high for a significant portion of the population, who consequently cannot afford to purchase adequate food, thereby leaving 21.3% of the population with low access to food [13].



The concerns regarding environmental degradation, loss of biodiversity, and vulnerability to climate change have prompted a call to rethink current configuration of the South African food system [14]. A focus on re-invigorating economic values and willingness to pay for indigenous plants, and bringing these to the market, has been suggested as an entry point for improving diets and making nutrition more sustainable [14,15]. According to some researchers [16,17,18], indigenous plants would fetch a higher price at supermarkets than in an informal market. One possible reason is that supermarkets are patronized by more nutritionally aware consumers with higher incomes who are more conscious of their health and are willing to pay higher prices to obtain these nutritional benefits [18,19]. It is also possible that the atmosphere in supermarkets influences prices and willingness to pay a premium price as they use modern retail technology in terms of storage, display, and packaging [16,20,21]. There is a scarcity of studies on the economics of indigenous plants, especially in South Africa. Even though there is no formal market for indigenous plants in the North West province, some anecdotal evidence suggests that there is a rising interest in purchasing such plants among households. The need to identify potential and create awareness for mainstreaming indigenous plants into the South African food system cannot be overemphasized.



Given this backdrop, the present study explored the knowledge of indigenous plants among rural households in the North West province of South Africa and examined factors determining their willingness to pay for indigenous plants. Understanding these determinants is vital in providing important information to promote and direct policy options towards production, adding value to and consumption of indigenous plants. Furthermore, findings from this study may provide potential traders of indigenous plants with important information about the socioeconomic factors influencing household willingness to pay and food consumption decisions, and as such contribute towards a more sustainable food system in South Africa.




2. Willingness to Pay within the Theory of Consumer Choice


The present section provides a brief discussion of competing theories and models of consumers’ willingness to pay within the theory of consumer choices on which the analytical framework of this study was based.



2.1. The Key Economic Model


As explained by Ramasubramanian [22], willingness to pay for a particular product is the amount of money an individual or household is willing to pay to purchase a product given a person’s income, risk preferences, and other factors. The two determinants of willingness to pay focused on by economic models are income of the individual or household and the use of the good in question. When individuals consider paying for improved environmental quality, such as forest and/or some of its products (e.g., indigenous plants), their choices and responses to valuation questions are constrained by their disposable income [21]. Therefore, a household or an individual’s income is expected to correlate to be with the amount of money consumers are willing to spend for better environmental outcomes, such as indigenous plant conservation, by purchasing indigenous rather than non-native plants.



Interestingly, income is mostly included in stated preference surveys and is expected to have a positive effect on consumer willingness to pay. Therefore, there is a direct behavioral link between the use of indigenous plants for consumption and the individual’s well-being. This link is expressed by the concept of “use value.” If an individual does not use the good (indigenous plants) in question, the only link between the good and the individual’s well-being is the “knowledge” the individual has about the good [23]. This link is expressed as “non-use value”, which is expected to be weaker than the link based on direct use. It is assumed that the willingness to pay for users is more than for nonusers [24].




2.2. Transactions and Economic Potentials of Indigenous Plants


Evidence of trading indigenous plants and their products varies from place to place, such as between different fruits, fruit juice, seedlings, and other by-products [22,23]. Indigenous fruits are sold in both urban and rural markets and provide a substantial income to small-scale farmers [24,25]. However, existing studies have revealed that the trading of fruits collected from the wild is a profitable enterprise [22]. For example, studies in Malawi, Tanzania, and Zimbabwe found that the percentage of net profit of indigenous fruit products reached 28% with higher profits being obtained in locations that are close to markets [22].



In South Africa, communities collectively harvested about 2000 metric tons of Sclerocarya birrea (A. Rich.) Hochst (Marula) and earned $180,000 annually, representing more than 10% of average household income in these communities [26]. In addition, the members of a popular southern African Natural Products Trade Association reported gross revenue of $629,500 from the sale of fruit tree products. The key fruit tree products were obtained from Sclerocarya birrea (A. Rich.) Hochst (Marula) and Adansonia digitata L (Baobab) that generated $126,420 and $44,120, respectively [22,27]. Based on a recent market projection, the potential market of Adansonia digitata was valued at $960 million. Studies in Zimbabwe revealed that improvements in tree yield and earlier fruiting of indigenous fruit trees will create incentives for farmers to cultivate indigenous fruits [27].



Prior studies have found most participants indicating that indigenous plants (grains, vegetables, fruits) have favourable market potential [23,28]. Marketing costs of African leafy vegetables were estimated at between R0.50-R1.50/bundle with an average price paid by consumers of R10/bundle [29,30]. In another study [31], gender, education, marital status, and consumer perceptions influenced the purchasing decision for African leafy vegetables but not the level of expenditure. As highlighted by the authors, the identified factors influenced the purchasing decision but not the level of expenditure; such socio-economic characteristics were gender, educational and marital status, as well as perception factors.




2.3. Theory of Planned Behavior


Although economists rely on the concept of scale of preferences (choices) in order to determine what people value, sociologists have a strong affinity attitude (the desirability of a single action or object) [30,31]. A classical attitude–behavior paradigm would assume that behavior can be predicted by attitudes. This would mean that general attitudes such as environmental concern have a direct and positive effect on willingness to pay (See Figure 1). The basic attitude–behavior model is still part of thinking in social psychology although there are approaches going beyond this simple paradigm [21]. The intention to perform a behavior is the immediate determinant of the behavior in question, including the behavior of paying money for a good [32,33]. Prior research identified three determinants of the behavioral intention, such as attitude towards behavior, subjective norm, and perceived behavioral control [33]. The attitude towards behavior refers to an individual’s positive or negative evaluation of performing the behavior. An individual’s perception of social pressure from reference group members to enact the behavior is captured by the subjective norm. Perceived behavioral control includes perceived ease or difficulty of performing the behavior. Regarding indigenous plants, willingness to pay is expected to increase with a more favorable attitude towards paying, and with an increasing social pressure towards paying and with an increasing perceived behavioral control regarding paying for the indigenous plants [34,35,36].




2.4. Models of Altruistic and Moral Behavior


Models of altruism are based on a broader motivational structure than standard economic models. One way to enable altruistic behavior in economic terms is to use a utility function that incorporates a taste for having other people better off or for having beneficial environmental attributes [23]. Altruistic motivation can lead to perceived obligations to contribute to the preservation of indigenous plants. These concepts can be used to explain what is known as the embedding effect [37], which is the observation that sometimes willingness to pay does not vary with the quantity of the good in question. If people only derive utility from the act of giving, then it does not matter what quantity of the good is provided. However, moral satisfaction may vary with the good as some goods give more satisfaction than others. There is empirical evidence for the purchase of moral satisfaction [37]. Willingness to pay can be positively affected by both a subjective obligation to pay for the specific good and a general warm glow which is independent of the specific good in question [21].




2.5. Norm-Activation Model


Given the awareness of need and awareness of responsibility, a perceived moral obligation can result in specific behavior. Both determinants mediate the effect of a perceived moral obligation on behavior [21,38]. In the context of willingness to pay analysis, the personal norm to pay for the good, the awareness of need with respect to providing the good, and the awareness of responsibility for paying are considered as behavioral determinants. The personal norm equals more or less the subjective obligation to pay which was discussed in the preceding models of altruistic behavior. It is expected that the awareness of need and the awareness of responsibility positively affect willingness to pay when considered as interaction terms with the subjective obligation to pay. Figure 1 presents a summary of the alternative theories and models and related determinants of willingness to pay discussed in previous sections, a combination of which is adopted in this article. Specifically, our study develops two econometric models for empirical analysis: a model of the determinants of a participant’s income wherein knowledge and use of indigenous plants are included as explanatory variables along with other socio-demographic factors; and another model of the determinants of a participant’s willingness to pay for indigenous plants. Both models were estimated using the two-stage Heckman approach.





3. Methods


3.1. Study Area, Sampling Methods, Procedure, and Sample Size


The study was conducted from all four district municipalities of the North West Province, South Africa. A multistage sampling procedure was used for data collection. Prior to the commencement of the survey, the enumerators were trained on the requirements of the survey and a pre-testing of the questionnaire was undertaken on a few rural households. In each of the selected communities, the traditional leaders provided access to the participants after consultation with them on the purpose and value of the research. Although the questionnaire was designed in English, interviews were conducted in the local languages of the participants, which include Setswana and Northern Sotho.



In the first stage of the sampling, four district municipalities (Ngaka Modiri Molema, Dr. Kenneth Kaunda, Bojanala Platinum, and Dr. Ruth Segomotsi Mompati) were selected. The second stage involved selecting 3 communities from each district municipality to account for the 12 communities studied. The selection of the 12 communities was based on their rural nature, active engagement in smallholder agricultural practices, and poor socioeconomic status of the residents. The last and final stage of sampling was the selection of rural household heads which was simplified by the assistance of resident extension officers. In this study, 133 sample households were utilized after a proper screening of the questionnaires. The allotted questionnaire samples for each selected community were representative, sufficiently robust and satisfactory to give estimates at the local level. Willingness to pay is generally analyzed using the contingent valuation (CV) method which helps to estimate value an individual places on a good. The contingent valuation method is originally designed to value goods and services where the market fails to adequately value these. This is mainly the case for public goods, the environment, and/or healthcare programs [39].



Generally, CV is referred to as a stated preference model, in contrast to a price-based revealed preference model [18]. The survey asks how much money people would be willing to pay (or willing to accept) to use (or be compensated for the loss of) organic food product features. Indeed, CV permits a direct estimation of willingness to pay by means of different elicitation techniques [39,40]. Consumers simply indicate their willingness to pay without purchasing the hypothetical product. As explained, the CV method relies on directly asking individuals about their willingness to pay for a specific commodity. The most important part in applying CV is to choose appropriate survey and elicitation methods to increase survey data accuracy [18]. Various survey methods and questionnaire formats are possible for collection of data. In-person interviews usually produce the highest-quality willingness to pay data, although telephone and mail surveys have been applied in several studies [41,42].



There are various techniques for eliciting consumers’ willingness to pay. For instance, in a dichotomous-choice format, the participant is given a question to indicate the ability to pay X amount for the good, or not. Use of open-ended questions about a consumer’s willingness to pay is another technique. An alternative method is to present several possible willingness to pay values on a card to the participant, knowns as a “payment card”. The participant would choose the nearest quantity to their willingness to pay among others written on the card [43,44]. The chosen amount can be taken as the consumer’s willingness to pay [18]. Since a payment card is simple, and it enlightens an unaware participant’s picking options by giving them a range of predesigned price premiums, it is an appropriate approach in some studies [40,44].



The data used in this paper were collected through a contingent valuation survey accompanied with a photo album to make plant identification easier for participants. Plants were identified within each category to which they belong. Our study used open-ended questions about the participants’ willingness to pay for the indigenous plants. Participants were presented with the following willingness to pay question among others: Suppose your favorite indigenous plant has a price premium, would you pay? How much are you willing to pay? Can you pay X amount for the purchase of this specific plant? These questions were asked in relation to different local price premiums in the study area. Prices vary by indigenous plant category (grain, fruits, vegetable, and beverages). In addition, the participants’ willingness to pay parameter (dichotomous) was considered a dependent variable in this study. Households in the North West Province purchase indigenous plants from either farms or informal markets. In this study, 21 indigenous plants from 17 plant families were utilized, which were recorded as staple food, fruits, and beverages by the participants (Appendix A, Table A1 and Table A2).




3.2. Determinants of Households’ Income and Willingness to Pay for Indigenous Plants


To empirically analyze the determinants of households’ income and willingness to pay for indigenous plants in the North West province of South Africa, a two-stage Heckman model was employed as detailed in previous studies [45,46,47]. The advantage of the application of the Heckman model is that it is able to model factors influencing households’ income and their willingness to pay for indigenous plants in a single framework while simultaneously correcting for possible sample selection bias [48]. The first-stage equation of the Heckman model is a probit model, which assumes that the errors are homoscedastic [49].


    y  1 i     = 0   if    S  n i   ≤ 0   



(1)






    y  1 i     = 1   if    S  n i   > 0   



(2)




where y1 is the binary response, Sni is the amount of money spent by the household i.



The spending equation can then be written as:


   y 1 *  =  β  1 I    X  1 I   +  ε  1 I    



(3)




where    y 1 *    is a latent variable, which is the utility the household will spend on indigenous plants. The binary model is then stated as:


   {      1 ,   if household spends on indigenuos plants       0 ,   otherwise        



(4)







Specifically, the probit model in stage one of estimation is stated as


  Pr  (   y 1   )  = f  (  x 1 ,   x 2 ,   … … … … x n  )   



(5)




where   Pr  (   y 1   )    is the probability of a household deciding to spend on indigenous plants or not,   x 1 ,   x 2 ,   … … … … x n   are the variables specified in Table 1 and ε is the normally distributed error term. In the second stage of the Heckman model, ordinary least square (OLS) regression equations are estimated to test the effect of hypothesized factors on the on the extent of spending on indigenous plants. The model is stated as:


     (   S n   )  = f  (  y 1 ,   y 2 ,   … … … … y n ,   ε  )   



(6)




where Sn is the amount of money spent on indigenous plants,   y 1 ,   y 2 ,   … … y n   are the variables that were a priori hypothesized to affect the amount of money spent by the households on indigenous plants consumption, while ε is the error term.




3.3. Ethical Approval


The Faculty of Natural and Agricultural Sciences research ethics committee (FNASREC) of the North-West University (NWU) approved (ethical clearance no: NWU-01243-19-S9) the study. Permission to access the study area was granted by the North West Provincial Department of Rural, Environment and Agriculture (READ) in South Africa. Participation in the study was voluntary and conducted with full consent of the participants.





4. Results and Discussion


4.1. Demographic Characteristics of the Participants


As shown in Table 2, the average age of household head is 47 years, suggesting that the sampled households are within their active years. This could be economically advantageous given that the active workforce falls within this age category in South Africa [50,51,52]. In addition, a larger proportion of households are headed by females (56%), signifying the increasing roles of females in decision-making among households in the North West province. A similar finding was reported in previous studies [53,54]. Surprisingly, 44% of the heads of households are single despite their old age. Furthermore, the study indicated low educational attainment by the participants as only 35% of the participants completed a secondary level of education. Education plays a crucial role in the socioeconomic status of households and consciousness about environmental and food nutrition issues [55,56].



In the current study, 99% of the participants were black, which reflects the ethnic demography of the North West province, currently dominated by black South Africans [57]. The average household size is five, indicating the potential that rural households in South Africa can supply labor and economically contribute to the South African economy. The household members can also help the head of household with cultivation of indigenous plants for more food secure rural regions in South Africa. Table 2 also reveals that the rural community participants were predominantly civil servants (38% of total), suggesting that a large proportion of households in the North West province depend on wage/salaried employment. Meanwhile, entrepreneur (23%), farmers (21%), and other (18%) categories of occupation practiced in the study area is an indication of job diversification among the participants. The average income was estimated at R7499 (US$510.82) in the study area. This is a relatively low income when evaluated from the household size perspective. Cultivation of indigenous plants could serve as additional source of income as well as a means for better food and nutrition within the marginalized rural poor of South Africa [18,58].




4.2. Participants Willingness to Pay for Indigenous Plants


Most (93.23%) of the participants were willing to pay for indigenous plants for their consumption, while 6.77% were not willing to pay. This observation is consistent with findings from existing studies conducted in many provinces in South Africa [16,18]. This suggests a high potential demand and willingness to pay for indigenous plants by households in the North West Province of South Africa. Thus, there is potential for indigenous plants to gain a larger market share in the North West Province compared to their exotic counterparts.




4.3. Two-Stage Heckman Model Results


The Heckman two-stage approach was used to analyze the determinants of households’ willingness to pay for indigenous plants, and subsequently, factors influencing household income. The first stage involves the application of the probit model, where the dependent variable is the household’s willingness to pay. This variable is in binary form and takes the value of 1 if the household is willing to pay for indigenous plants and 0 otherwise. In the second stage, the ordinary least square (OLS) regression was applied where the log of a household’s income is specified as the dependent variable.



Table 3 further presents the results of the Breusch–Pagen test for heteroscedasticity, with a test statistic of 13.33. When compared to a chi-squared distribution with one degree of freedom, the resulting p-value falls well below the standard 0.05 level. Thus, we have clear evidence to reject the null hypothesis of homoscedasticity and accept the alternative hypothesis that we do in fact have heteroscedasticity in the residual of this regression model.



4.3.1. Determinants of Household’s Income: OLS Regression


About 43% of the coefficients on the variables included in the model have expected signs and are statistically significant at the 10% level or more (Table 3). The age of the household’s head is significant and positive (p < 0.01) which indicates that the participants’ income increases with age, a proxy measure used to capture experience. This might be true as the increase in age of participants might translate into more experience which invariably translates into higher income. This corroborates with existing studies indicating earnings increases with increasing age, specialized skill trainings, and/or education of the household heads [58,59,60]. In addition, the results also show that marital status of the household head was positively and significantly related to income (p < 0.05). This implies that participants who are single are likely to have higher income relative to other categories of marital status. This could be attributed to the fact that they are likely to have more time to do more jobs, hence, have more time to work, thus earning more income than their married counterparts.



The coefficient of the household size is positive and significant (p < 0.05), meaning that participants with a large household size will likely have higher income. This is possible as households with mature and working-age members are likely to have higher income than large household with more dependent members [61,62]. The coefficient of involvement of households in agricultural activities is negative and significant (p < 0.10), which indicates that farming households in the study area earn relatively less than those who earns mainly from non-agricultural activities. This might be due to the fact that a large number of households are comprised of civil servants (Table 2) with potentially greater incomes than agricultural households. This is in line with a study in Nigeria that reported that non-farm income of households was more than on-farm income and hence, it has a direct effect on food security status [63,64].



It is encouraging that extension visits positively and significantly (p < 0.10) influence households’ income, which indicates that households with more access to extension officers were able to generate higher income from farming activities compared to their counterparts without such access [65,66]. The coefficient of the drought-resistant benefits of indigenous plants variable was positive and significant (p < 0.10), thereby exerting a positive effect on household income. This suggests that participants who are knowledgeable about the drought-resistant attributes of the indigenous plants are more likely to have higher income when cultivating indigenous plants. Similarly, the acknowledgement of economic benefits of indigenous plants had a positive and significant (p < 0.10) relation to household income. This is consistent with prior literature on the economic potential of indigenous plants to increase household income, lifting rural communities out of poverty and enhancing food security [18,50,67,68,69].




4.3.2. Probit Regression


The probit model analysis identified the determinants of the willingness to pay for indigenous plants by the households (Table 3). The coefficient of household size was positive and significant (p < 0.05), indicating that participants with a large household size had a higher likelihood of paying for indigenous plants. This might be due to the expected food need for such a large household which will translate into willingness to pay for indigenous plants in the study area. In addition, this might be due to greater expected food needs for larger households, which can increase the demand and thus the willingness to pay for indigenous plants in the study area. However, this is contrary to prior studies which have found that encouraging people to have smaller families is associated with greater willingness and ability to pay for food [16]. The variable representing value of financial return of the households was positive and significant (p < 0.10), suggesting that the probability of the willingness to pay for indigenous plants by households increased with greater financial returns. This was expected, given that households with higher financial returns have the ability to pay for indigenous plants in order to ensure that their households are food secure. This observation is in line with basic economic consumer behavior related to income, expenditure, and savings [70,71].






5. Policy Recommendations


Based on the empirical findings of this study, the following policy recommendations remain pertinent since the majority (93%) of the households were willing to pay for indigenous food plants, especially those that are larger in size. However, rural households cultivating indigenous plant species could have some added value and beneficial attributes arising from domestic cultivation of indigenous food plants. In this study, the economic benefits and returns from the indigenous plants were emphasized as significant variables in the model. This indicates that households that are cultivating these indigenous species give some added value or beneficial attributes. Public awareness through different media should be target-promoting the nutritional, and economic benefits of the indigenous plants which can help increase the demand. Moreover, households with lower willingness to pay can be properly oriented on the benefits of this indigenous plants, thereby increasing the overall households’ willingness to pay for the indigenous crops. Hence, private markets, nongovernmental organizations and the governments need to be involved in the dissemination of information of the potential economic benefits of indigenous plants in order to enhance households’ willingness to pay for them. Furthermore, the promotion of indigenous plants in local markets will promote communities’ food-nutrition, socioeconomics, welfare, and health through a more diversified local economy. Particularly, quality education remained a principal legal and regulatory barrier to markets for indigenous plants. On this basis, the need to educate households to promote the production and consumption of indigenous plants which is capable of contributing to economic sustainability cannot be overemphasized. In addition, the average income was estimated at ZAR7499 ($510.82) which was relatively low income when evaluated from the household size perspective. The study recommends that the government should implement policies that will grant lower-income households’ permission to access wild indigenous plants on public lands if they are priced out of the local marketplace for these foods, so long as it is assured that they promote “stewardship” over these plants in the wild. This can also help in price control by the farmers of such indigenous plants. It could as well result in greater ecological diversity while improving food access issues, especially among the marginalized rural households. Furthermore, household size was repeatedly significant in the two stages of the model. There should be proper orientation of the rural households on the economic implications of large family sizes, as this can further placing such households in multidimensional poverty. Finally, as a result of the high diversity of indigenous plants in the study area, local communities should take advantage of a variety of plants that are more accessible or abundant to combat hunger and malnutrition. Therefore, government support to the farmers should emphasize target products and assist their production through national markets.




6. Conclusions


This study examined the factors influencing income and willingness to pay for indigenous plants by selected rural households in North West Province of South Africa. The majority (93%) of the households who participated were willing to pay for indigenous food plants which suggests a high potential demand by households and market for indigenous plants in the province. In addition, an average age of 47 years, more (56%) female-headed households and average monthly income of R7499 ($510.82) was recorded in the study area. Empirical analysis revealed that factors such as age, marital status, household size, farming households, and economic benefits of indigenous plants influenced income and willingness to pay for indigenous plants by the households. Particularly, household size and financial returns were the significant determinants of the willingness to pay for indigenous plants by the participants. The study therefore concludes that socioeconomic characteristics are key determinants of households’ willingness to pay for indigenous food plants in rural South Africa. This understanding will assist policy makers to implement agricultural and food policies, thereby addressing the food security, nutrition, and health sustainability. Future research on the breeding and value-adding activities to enhance the indigenous plants’ cultivation, market accessibility, acceptability, and durability are necessary to encourage household’s willingness to pay and consumption of indigenous plants. More so, a more nationally and globally representative dataset for studies on household’s willingness to pay for indigenous plants needs to be compiled for future studies to provide further understanding of the subject matter. Such initiatives could have a positive societal value of reducing households’ dependence on a handful of crops for nutrition, food security, and sustainability in the developing nations.
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Table A1. Indigenous vegetables and grains consumed by the participants in selected rural households in North West Province. Number of mention (NM), Vernacular names: Ts = Setswana and E = English.






Table A1. Indigenous vegetables and grains consumed by the participants in selected rural households in North West Province. Number of mention (NM), Vernacular names: Ts = Setswana and E = English.





	Scientific Name and

Family
	Vernacular Name
	Usage
	NM





	Amaranthus sp

Amaranthaceae
	Amaranthus (E); Thepe (Ts)
	Staple food
	71



	Cajanus cajan (L.) Millsp.

Leguminosae/Fabaceae
	Pigeon bean (E); Dinawa (Ts)
	Staple food
	26



	Cleome gynandra L

Cleomaceae
	Cat’s whiskers, African cabbage (E); Lerotho (Ts)
	Staple food
	4



	Colocasia esculenta (L.) Schott

Araceae
	Potato of the tropics (E); Madumbis (Ts)
	Staple food
	3



	Glycine max (L.) Merr.

Leguminosae/Fabaceae
	Soybeans (E); Dinawa (Ts)
	Staple food
	57



	Lagenaria siceraria (Mol.) Standl.

Cucurbitaceae
	Bottle gourd, Calabash (E); Segwana (Ts)
	Staple food
	9



	Manihot esculenta Crantz

Euphorbiaceae
	Cassava (E); Muthupula (Ts)
	Staple food
	8



	Tetragonia decumbens Mill.

Aizoaceae
	Dune spinach (E)
	Staple food
	32



	Sorghum bicolor (L.) Moench

Poaceae
	Sorghum (E); Mabele (Ts)
	Beverage and staple food
	111



	Tylosema esculentum (Burch.) A. Schreib.

Leguminosae/Fabaceae
	Marama bean (E)
	Staple food
	1
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Table A2. Indigenous fruits consumed by the participants in selected rural households in North West Province. Number of mention (NM), Vernacular names: Ts = Setswana and E = English.
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	Scientific Name and

Family
	Vernacular Name
	Usage
	NM





	Annona senegalensis Pers.

Annonaceae
	African Custard-apple (E); Mokamanawe (Ts)
	Fruit
	18



	Carissa macrocarpa (Eckl.) A. DC.

Apocynaceae
	Natal plum, big num-num (E)
	Fruit
	1



	Diospyros lycioides Desf.

Ebenaceae
	Monkey plum (E); Lethanyu (Ts)
	Fruit
	1



	Diospyros simii (Kuntze) De Winter.

Ebenaceae
	Climbing Star-apple (E)
	Fruit
	2



	Dovyalis caffra (Hook.f. & Harv.) Sim

Salicaceae
	Kei-apple (E)
	Fruit
	0



	Dovyalis zeyheri (Sond.) Warb.

Salicaceae
	Wild apricot (E)
	Fruit
	1



	Mimusops zeyheri Sond

Sapotaceae
	Transvaal red milkwood (E); Mmupudu (Ts)
	Beverage
	53



	Parinari curatellifolia Planch. ex Benth.

Chrysobalanaceae
	Bosappel (A); Mobola (Ts)
	Fruit
	4



	Sclerocarya birrea (A. Rich.) Hochst.

Anacardiaceae
	Marula (E); Morula (Ts)
	Fruit and beverage
	71



	Strychnos spinosa Lam.

Loganiaceae
	Corky-bark Monkey-orange (E); Morapa (Ts)
	Fruit
	8



	Vangueria infausta Burch.

Rubiaceae
	Chirinda wild-medlar, (E); Mobilo (Ts)
	Fruit
	15
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Figure 1. Framework for the theoretical approaches and determinants of households’ willingness to pay for indigenous plants. 
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Table 1. Explanatory variables used in the models applied in the current study.
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	Variables
	Description





	Age of the household’s head
	Number of years (Continuous)



	Gender of the household’s head
	Dummy; 1 if head is male and 0 if otherwise



	Educational status of the household’s head
	Number of years of academic education (Continuous)



	Marital status of the household’s head
	Dummy; 1 if head is married, 0 otherwise



	Household’s size
	Number of members of the household (Continuous)



	Number of working class
	Number who work and have income (Continuous)



	Involvement in agricultural practices by the household
	Dummy; 1 if yes, 0 otherwise



	Membership of cooperative society
	Dummy; 1 if yes, 0 otherwise



	Land ownership
	Dummy; 1 if lease, 0 otherwise



	Participation in training program
	Dummy; 1 if yes, 0 otherwise



	Extension officer visit
	Dummy; 1 if yes, 0 otherwise



	Knowledge of indigenous plants consumption
	Dummy; 1 if yes, 0 otherwise



	Nutritious benefits of indigenous plants
	Dummy; 1 if yes, 0 otherwise



	Awareness of the drought-resistant benefits of indigenous plants
	Dummy; 1 if yes, 0 otherwise



	Awareness of the pest-resistant nature of indigenous plants
	Dummy; 1 if yes, 0 otherwise



	Economic value benefits of indigenous plants
	Dummy; 1 if yes, 0 otherwise



	Availability of indigenous plants
	Dummy; 1 if yes, 0 otherwise



	Access to indigenous plants in local market
	Dummy; 1 if yes, 0 otherwise



	Medicinal benefits of indigenous plants
	Dummy; 1 if yes, 0 otherwise



	Household’s financial returns
	Dummy; 1 if yes, 0 otherwise
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Table 2. Socioeconomic characteristics of the participants.
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Variables

	
Frequency

	
Percentage (%)

	
Mean (S.D)






	
Age

	

	

	




	
20–30

	
11

	
8.30

	
47 (11.85)




	
31–40

	
27

	
20.30




	
41–50

	
38

	
28.60




	
51–60

	
44

	
33.10




	
71–80

	
13

	
9.80




	
Gender

	

	

	




	
Male

	
57

	
42.90

	




	
Female

	
75

	
56.40




	
not disclosed

	
1

	
0.80




	
Marital status

	

	

	




	
Married

	
47

	
35.30

	




	
Single

	
58

	
43.60




	
Divorced

	
14

	
10.50




	
Widow(er)

	
14

	
10.50




	
Educational attainment

	

	

	




	
Standard

	
38

	
28.60

	




	
High school

	
46

	
34.60




	
Diploma

	
19

	
14.30




	
Degree and Postgraduate

	
23

	
17.30




	
No formal education

	
7

	
5.30




	
Race

	

	

	




	
Black

	
132

	
99.20

	




	
People of color

	
1

	
0.80




	
White

	
0

	
0.00




	
Household size members

	

	

	




	
1–4

	
55

	
41.35

	
5 (1.46)




	
5–8

	
71

	
53.38




	
9–12

	
7

	
5.26




	
Household head’s religion

	

	

	




	
Christianity

	
124

	
93.20

	




	
Islam

	
2

	
1.50




	
Traditional worshiper

	
6

	
4.50




	
Others

	
1

	
0.80




	
Major occupation

	

	

	




	
Civil servants

	
51

	
38.35

	




	
Entrepreneur

	
30

	
22.56




	
Farmer

	
28

	
21.05




	
Others

	
24

	
18.05




	
Willingness to pay for indigenous plants

	

	

	




	
Yes

	
124

	
93.23

	




	
No

	
9

	
6.77

	




	
Monthly income

	

	

	




	
R1000–3000

	
42

	
31.58

	
ZAR7499/US$510.82 (11,134.85)




	
R3001–6000

	
56

	
42.11




	
R6001–9000

	
25

	
18.79




	
R9001–12,000

	
10

	
7.52




	
No of observations

	
133

	

	








Note: US$1 = ZAR14.68 (https://www.xe.com/currencyconverter/convert, accessed on 5 February 2021).
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Table 3. Determinants of income and willingness to pay for indigenous plants by households in North West Province.
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Variables

	
Coefficient

	
Standard Error

	
Z

	
p > |z






	
Outcome Equation: [Determinants of household’s income: ordinary least square regression]




	
Age of the households’ head (years)

	
0.05618

	
0.01617

	
3.47

	
0.001 ***




	
Gender of the household’s head (1 = male, 0 = female)

	
0.05617

	
0.32896

	
0.51

	
0.607




	
Educational status of the household’s head (years of schooling)

	
−0.27232

	
0.83488

	
−0.33

	
0.744




	
Marital status of the household’s head (married = 1, 0 = otherwise)

	
0.84260

	
0.33143

	
2.54

	
0.011 **




	
Size of household (number)

	
0.24601

	
0.13214

	
1.86

	
0.063 *




	
Number of working class

	
−0.01905

	
0.16168

	
−0.12

	
0.906




	
Farming household (1 = farming, 0 = otherwise)

	
−0.90351

	
0.46817

	
−1.93

	
0.054 *




	
Membership of co-operative society (1 = member, 0 = otherwise)

	
−0.14177

	
0.52930

	
−0.27

	
0.789




	
Land ownership (yes = 1, no = 0)

	
0.31362

	
0.33471

	
0.94

	
0.349




	
Participation in training program (yes = 1, no = 0)

	
−0.03884

	
0.12217

	
−0.32

	
0.751




	
Visit by extension officers (yes = 1, no = 0)

	
1.14375

	
0.60564

	
1.89

	
0.059*




	
Knowledge of indigenous plant consumption (yes = 1, no = 0)

	
−0.48173

	
0.64200

	
−0.75

	
0.453




	
Nutritional benefits of indigenous plants (yes = 1, no = 0)

	
0.45827

	
0.32879

	
1.39

	
0.163




	
Drought-resistant trait of indigenous plants (yes = 1, no = 0)

	
0.66097

	
0.33952

	
1.95

	
0.052*




	
Pest-resistant trait of indigenous plants (yes = 1, no = 0)

	
0.22832

	
0.32829

	
0.70

	
0.487




	
Economic benefits of indigenous plants (yes = 1, no = 0)

	
0.78487

	
0.43004

	
1.83

	
0.068 *




	
Constant

	
3.72749

	
1.94571

	
1.92

	
0.055




	
Breusch–Pagan/Cook–Weisberg test for heteroskedasticity

Ho: Constant variance

Variables: fitted values of log_Income

chi2 (1) = 13.33

Prob > chi2 = 0.0003

	

	

	

	




	
Selection Equation: Determinants of willingness to pay for indigenous crops: probit regression




	
Age of the household’s head (years)

	
0.00282

	
0.01688

	
0.17

	
0.868




	
Marital status of the household’s head (1 = married, 0 = otherwise)

	
−0.21769

	
0.39167

	
−0.56

	
0.578




	
Educational status of the household’s head (years of schooling)

	
0.70345

	
0.57533

	
1.22

	
0.221




	
Farming household (1 = farming, 0 = otherwise)

	
−0.07060

	
0.57662

	
−0.12

	
0.903




	
Size of household (number)

	
0.39314

	
0.16221

	
2.42

	
0.015 **




	
Accessibility to indigenous plants (yes = 1, no = 0)

	
−0.55837

	
0.39234

	
−1.42

	
0.155




	
Extension officers visit (yes = 1, no = 0)

	
−0.17523

	
0.69594

	
−0.25

	
0.801




	
Availability of indigenous plants in local market (yes = 1, no = 0)

	
0.05987

	
0.34684

	
0.17

	
0.863




	
Economic benefits of indigenous plants (yes = 1, no = 0)

	
0.39823

	
0.41248

	
0.97

	
0.334




	
Medicinal benefits of indigenous plants (yes = 1, no = 0)

	
1.42369

	
0.89110

	
1.60

	
0.110




	
Financial returns for households (yes = 1, no = 0)

	
0.78573

	
0.42039

	
1.87

	
0.062 *




	
Constant

	
−2.60987

	
1.39711

	
−1.87

	
0.062




	
Number of observations

Lambda

Wald chi2 (20)

Prob > chi2

Rho

Sigma

	
133

0.275024

47.96

0.0000

0.17590

1.5635301

	

	

	








Note: ***, ** and * means 1%, 5%, and 10% levels of significance, respectively.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  sustainability-13-05458


  
    		
      sustainability-13-05458
    


  




  





media/file3.png
Indigenous Plants

{ Household Willingness to Pay (WTP) for j

l

{ Competing Theory Approach J

Basic
Economic

[Determinants of Household's Willingness

to pay for Indigenous Plants

J

® Households' income

¥ Indigenous plant use value indicators
* Indigenous plant knowlege indicators

Model

® Households' socioeconomic characteristic

variables
Theory of /' Subjective norm
Planned ¥ Perceived household behavioral control
Behavior
Attitude # Households’ environmental concerns
. about indigenous plants.
Behaviour  Households' attitude towards paying
Pa radigm for the indigenous plants.
Altruistic ﬂ Households’ subjective obligation to
pay for the indigenous plants.

/ Morgl " General “Warm Glow”
Behavior

Norm- ﬂ Awareness of the households’ need to

Activation pay for the indigenous plants
Model » Households’ awareness of indigenous

nutrition - sustainable food system.






media/file0.png





media/file2.jpg
[ Housshald

Willingness to Pay (WTP) for

IMMMIIPIIMI 4
N Determinants of Household's Wilingness
‘ Gmgeing Towy e ‘ o pay o Indigenes Plnts
: e

= (e
[ Economic | bt

o ==
N/
[Ameoryal\ —

Planned - * Percered bousehold behavoral contri-

=
/ Ao

| Behaviour |

[ IMoral

/ Nom

| Activation |

@/—‘ rkon: st fad en.






