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Abstract

:

The COVID-19 pandemic has particularly affected the supply of perishable foods such as vegetables, which could adversely affect food and nutrition security. Here, we study the mechanisms by which COVID-19 has affected vegetable production and the coping strategies adopted by smallholder farmers. We use cross-sectional data collected through individual interviews on a random sample of 521 vegetable producers in north-western Nigeria. The perceptions of respondents, measured on a 5-point Likert scale (from 1—not affected, to 5—severely affected), shows that COVID-19 had an average effect of 3.07 (±1.23) on vegetable production. Farmers also reported challenges in accessing farm inputs and storing or selling fresh vegetable produced. In response, farmers reduced market-oriented vegetable production, produced more vegetables for own consumption, added value through own home processing and storage, explored new markets, and accepted lower farmgate selling prices. A multivariate probit regression shows that socio-economic factors such as age, household size, marital status, challenges in accessing inputs, and perceptions of the effects of COVID-19 influenced farmers’ decisions to adopt particular coping strategies. To sustain vegetable supplies, policy makers should consider investing more in market-oriented strategies such as vegetable processing and storage, which individual farmers may not be able to afford due to high costs, lack of information and required knowledge on good agronomic practices, postharvest handling, storage and market. Public extension services can contribute to help farmers to adapt better.
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1. Introduction


The COVID-19 pandemic decreased food production and reduced access of consumers to food as a result of constraints to the distribution of farm inputs, travel restrictions and reduced purchasing power [1,2,3,4,5,6]. A reduction in vegetable production and availability is likely to adversely affect food and nutrition security in many developing countries where vegetable consumption is already far below the recommendation of the World Health Organization (WHO) [7]. A better understanding of how smallholder vegetable producers have been coping with the COVID-19 pandemic will help shed light on the specific actions needed to support them and sustain vegetable supply chains for food and nutrition security throughout the pandemic. Most of the fast-growing literature on the impact of COVID-19 on food supply chains focuses on food demand and supply shocks [8], with less attention to the resilience of smallholder farmers. Beyond the ongoing pandemic, an analysis of how vegetable farmers respond to a crisis such as the COVID-19 pandemic is relevant to better prepare for future crises that will affect agricultural production and food systems and ensure the resilience of vegetable production and its market supply.



We conducted a study in north-western Nigeria to analyse the effects of the COVID-19 pandemic on vegetable farmers and the coping strategies they have applied. We also aim to understand how the choice of coping strategies is driven by underlying socio-economic factors. Our study contributes to the existing literature in three major ways. First, we focus on vegetable production as vegetables are broadly acknowledged to have a high potential to improve food and particularly nutrition security [9,10], but there is a gap between actual and optimal vegetable consumption. Second, we contribute to the literature on the impact of COVID-19 on agricultural production systems by reporting on farm-level strategies developed to respond to the crisis. Following [11], we define a coping strategy as short-term, location-specific actions or adjustments against the effects of COVID-19. We separate between production- and market-oriented coping strategies. Third, by analysing the socio-economic drivers of the coping strategies, we highlight key areas of intervention that could be considered by policy makers to support micro-level responses to and recovery from the COVID-19 pandemic among smallholder farmers in general and vegetable producers in particular. The results can also inform coping strategies to deal with future crises.



The COVID-19 pandemic has exacerbated the increasing prevalence of all forms of malnutrition (stunting, wasting, overweight, and obesity) [12]. Within Africa, major cities such as Lagos (Nigeria), Accra (Ghana), and Johannesburg (South Africa) recorded the highest COVID-19 infections in 2020 [13]. In response, governments enacted measures to reduce the spread of the virus such as border closures, lockdowns, travel restrictions, curfews, market closures, and school closures. The COVID-19 crisis has affected everyday social, economic, and political activities and the lives of billions of people globally [14], including smallholder farmers. The agricultural sector in Africa is considered relatively resilient but still at risk of serious disruption as restrictions affect input and output markets [15]. In labour-intensive sub-sectors such as fruits, vegetables, meat, and dairy production, the availability of agricultural workers is increasingly becoming a problem [16]. Limited availability of farm inputs is expected to reduce input use among farmers, which may lead to reduced production and rising food prices, which could have devastating effects on food and nutrition security.



Vegetables are broadly acknowledged as an essential part of healthy diets and a key food item to address malnutrition (including micronutrient deficiencies and overweight/obesity) as well as a source of income to rural and urban dwellers [17]. In the context of COVID-19, vegetable consumption is more than ever advocated for proper nutrition and good health to strengthen human immunity to the coronavirus [18]. Despite this importance, vegetable production is at risk from the ravaging effects of the COVID-19 pandemic.



Some studies have assessed the effect of COVID-19 on food supplies and food security in general [19,20,21,22]. Fewer studies have assessed the impact of COVID-19 on vegetable value chains [5,18,21,23], and even fewer are from sub-Saharan Africa [2,24], Following these studies, vegetable value chains are at risk since they rely heavily on labour while labour supply is threatened by the COVID-19 pandemic [21]. The pandemic also reduces trade and consumption as well as farm production (e.g., reduced farmer prices as fewer traders are traveling to rural areas because of the restrictions, increased farm losses due to the lack of buyers, shortage of farm inputs and increased input prices as a result of land border closings, scared labour, etc.) [22]. To the best of our knowledge, there is no micro-level evidence from the supply side in terms of the smallholder farmers’ responses to COVID-19 and the socio-economic drivers underlying the observed responses.



Against this background, we argue that supporting smallholder farmers’ coping strategies could help sustain vegetable production and the food supply chains with positive spillovers in terms of food and nutrition security as well as resilience to COVID-19. We conducted a study to identify the coping strategies developed by vegetable farmers and most importantly to analyse the key socio-economic drivers underlying the identified coping strategies. The remainder of the paper is organised as follows: Section 2 presents the research methods and analytical approaches, Section 3 discusses the results while Section 4 concludes the paper, drawing on the aforementioned results.




2. Materials and Methods


2.1. Sampling and Data Collection


We conducted our study in selected states of north-western Nigeria. Nigeria’s countrywide lockdown started in March 2020. About 87% of Nigeria’s rural households are involved in crop farming [25]. Vegetables are among the most important crops commonly grown in both rural and peri-urban areas and are very important to the diets of the whole population [26].



Our study is part of a larger study aimed at measuring the adoption and impact of vegetable technologies in north-western Nigeria. We focused on Kano and Kaduna states, which account for 30% of the country’s population [27]. These are important vegetable producing states and among the three major tomato producing states in the country known as the “tomato triangle”. The population of Kano and Kaduna relies on agriculture as a major source of livelihood and agriculture employs around half of the labour force, although it contributes to less than a quarter of the state’s gross domestic product [28].



The sample unit is the household, which is represented by the person managing vegetable production, who is in most cases a male household head or someone delegated by the household head. Our sample involved 521 households selected through a multi-stage proportional sampling technique. The first stage was the selection of the states, using stratified sampling in terms of population size, security status in terms of possible militant attacks, and importance of the state in the Nigeria economy. The second stage involved the selection of the 10 local government areas (LGAs), shown in Figure 1, based on the population size. The third and last stage was the selection of 29 to 80 vegetable producing households from each LGA. The selection of households in the third stage involved suggestions on households producing vegetables by the community heads in the various communities and a random selection of a sample of these households by enumerators (Table 1).



Data were collected using a structured questionnaire survey implemented using computer-assisted personal interviews (CAPI). We collected data on vegetable farmers’ socio-economic characteristics (e.g., age, level of education, household size, household assets, contact with extension services, access to credit etc.), the perception of the effects of COVID-19 and its related measures, the challenges in accessing input and output markets, and the coping strategies developed in response to the effects of the COVID-19 pandemic. Data on perception of the effects of COVID-19 and its related measures and the challenges in accessing input and output markets were collected using a five-point Likert scale (1 = no effect or no challenge at all, 2 = minor effect, 3 = moderate effect, 4 = major effect, 5 = severe effect or severe challenge). Data were collected by a team of local enumerators in September and October 2020, in-between two countrywide lockdowns in Nigeria. A similar period was used by other studies [20] that analysed the impact of COVID-19 on food systems and rural livelihoods in Nigeria.




2.2. Data Analysis


We used descriptive statistics such as means and standard deviations to describe the sample’s socio-economic characteristics, perceptions of the effect of the COVID-19 pandemic, challenges in accessing inputs or markets, and COVID-19 coping strategies. We also used t-tests to check whether the self-reported challenges in accessing input or output markets were related to the COVID-19 crisis. Our main specification relies on a random utility model [29]. We consider that farmers can develop a broad range of coping strategies to the COVID-19 pandemic. Yet, the choice of any specific strategy likely depends on households’ expected utility from it as compared to alternative strategies. The expected utility itself will be shaped by socio-economic, institutional or environmental characteristics of a decision-maker. Therefore, we can model the farmers’ choice of a specific strategy as:


   A i  =  β 0  +  β k   Z  i k   +  u i   



(1)




where A represents a dichotomous variable indicating the use (or absence thereof) of a given coping strategy,    β 0    is the constant term,    β k    are the parameters to be estimated,    Z k    is a set of k socio-economic characteristics of the farm households, i is the ith household, and    u i    is a random error term.



We further assume that the decision to use a given coping strategy is related to the decision on other strategies. We therefore fitted a system of equations:


   A  y i   =  β  0 y   +  β  y k    Z  i k   +  u  y i     w i t h   y = 1 , 2 , … . n  



(2)




where y represents each of the n dichotomous coping strategy under consideration. We use a multivariate probit (MVP) model which estimates k-equation probit models, through the method of simulated maximum likelihood (SML) [30]. This specification was preferred over the univariate probit or logit because of its simultaneous estimation feature that accounts for possible correlations between the error terms of the single-equations in the model. These correlations can come from the fact that a similar set of unobservable factors and farmers’ characteristics can influence the choice of each coping strategy or the choice of some coping strategies may be conditional on the choice of other strategies.



Following [31], we assume that the choice of a coping strategy is influenced by many factors, including knowledge, skills, attitudes, social, physical, material and societal resources. We considered a total of 13 variables in the regression model based on the following assumptions:




	
Age: Age is a typical proxy for experience, wisdom, etc. We therefore expect that older people will be better able to cope with the COVID-19 pandemic.



	
Level of education: Education is often linked to better knowledge to take informed decisions that ensure efficiency, higher income, etc. We hypothesise that more educated farmers will be more likely to adopt coping strategies.



	
Household size: Larger households have more labour available and might be more flexible in terms of labour reallocation if hired labour were to become scarce. Due to the availability of labour, they can also be more flexible in terms of adopting strategies that might be more labour intensive. We assume that larger household will be more likely to adopt coping strategies in response to the COVID-19 pandemic.



	
Marital status: Married farmers often have dependent household members and need considerable income flows from sales to meet non-food expenses. We anticipate that married farmers will be more likely to adopt coping strategies in response to the COVID-19 pandemic.



	
Household assets: Ownership of assets can be seen as a proxy for wealth. Assets can be used to smoothen consumption or to pay for an investment to shield the household from a crisis. We hypothesise that assets are positively associated with the adoption of coping strategies.



	
Access to credit: Like household assets, access to credit can help to sustain livelihoods or make adjustments to avoid losses. We assume that farmers who have access to credit will be more likely to adopt coping strategies.



	
Vegetable production within the last twelve months: We assume that farmers who produce vegetables often will likely adopt coping strategies as a means to sustain their livelihoods. This variable can be seen as a proxy for farmers who are active in vegetable production with the assumption that these farmers will more likely be in a better position to adopt observed coping measures.



	
Government extension services: Access to extension services can help farmers to change and build their resilience and capacity to deal with shocks [32] by exposing them to innovations, information, etc. Government extension services often provide farmers with general technical support. We expect that farmers with access to government extension services are better able to respond to the COVID-19 pandemic by adopting coping strategies.



	
Private extension services: Like government extension services, private extension services from local or international non-governmental organisations provide support to farmers and often target specific areas or aspects of production. We anticipate that farmers with access to private extension services will be better able to adopt coping strategies.



	
Scale of perception of the effects of COVID-19: We used a 5-point Likert scale from 1 (not affected at all) to 5 (severely affected) to measure the perception of the effects of COVID-19. We anticipate that the use of a coping strategy is by default a response of the perception of effects of the COVID-19 pandemic or its related effects. Hence, we assume that stronger perceptions about the effects of COVID-19 will be associated with the adoption coping strategies.



	
Scale of challenges in accessing farm inputs: We also used a 5-point Likert scale from 1 (not affected at all) to 5 (severely affected) to measure the challenges in accessing farm inputs. As the COVID-19 pandemic is likely to slow down the distribution of farm inputs, we assume that farmers who already face challenges in accessing inputs might be less likely to cope with the effects of COVID-19 pandemic.



	
Scale of challenges in vegetable storage and commercialisation: A 5-point Likert scale from 1 (not affected at all) to 5 (severely affected) was used to measure the challenge scale in vegetable storage and commercialisation. We assume that farmers who already face challenges in storing or marketing their vegetables will have more difficulties in coping with the effects of the COVID-19 pandemic as vegetables are highly perishable goods.



	
LGA dummies: LGA’s specific characteristics such as size, existence of basic infrastructure etc. could affect the behaviour of farmers. We controlled for differences between LGAs by using LGA dummies.










3. Results and Discussion


3.1. Socio-Economic Characteristics of Respondents


Table 2 presents the socio-economic profiles of households. On average, respondents were about 44 years old. All respondents were men and most of them were married with an average household size of about six persons. Mean literacy levels were low, and access to credit and contact with both government and private extension services were limited. About half of the respondents produced vegetables during the 12-month period before the survey. The profiles are similar across LGAs.




3.2. Respondents’ Perceptions of the Effects of COVID-19


Table 3 shows the respondents’ perception of the effects of different shocks, including the COVID-19 measures by using a Likert scale and Table 4 presents the respondents’ perceptions on the effects of the COVID-19 measures.



Table 3 shows that the COVID-19 pandemic was by far the most important shock that households have experienced over the last five years. Regarding the effects of the COVID-19 pandemic, we included both the direct effects of COVID-19 measures (e.g., general lockdowns, curfews, market closures, social distancing, travel restrictions and quarantine) and the indirect effects on employment, loss of income or revenues, food shortages, cost of food, cost of medicines shortage in input supply. Table 4 shows that, on average, the COVID-19 pandemic had a moderate effect (score of 3.07 ± 1.23) on respondents. The main negative effects were associated with the general lockdown, curfew, input market closures and travel restrictions. Regarding indirect effects, key issues were the high cost of medications for addressing health issues and shortage in input supplies for farm operations. These results confirm those of Lapatinas [33] who observed that lockdowns had a significant negative effect on retail and recreation, grocery and pharmacy, parks, transit stations, and workplaces. These figures suggest that farmers will face more difficulties in producing and this could affect general food supplies. It is also important to note that farmers in Gezawa and Rimin Gado were more affected (higher perception score) than their counterparts in Madobi and Kumbutso.



These perceptions are consistent with findings from previous reports in Nigeria that indicated that the COVID-19 crisis and its associated effects (e.g., inter-state movement restriction, disruption to the rainy season farming and the logistics challenges associated with domestic food distribution) led to a tendency for more speculative buying and increases in food prices while farmers experienced a decline in their disposable income [34]. Vegetables were also reported along with other food items such as fish, fruit, potatoes, yams and tubers, bread, cereals, oils and fats to have driven the increase in food prices during the COVID-19 crisis [34]. Rising food prices reflect a shortage of supplies resulting from reduced production, lower food imports, and increasing demand [19].




3.3. Scale of Challenges in Vegetable Production, Storage and Sale


Table 5 and Table 6 show heat maps of the scales of challenges faced by the respondents in producing, storing and selling vegetables. Respondents faced small to moderate challenges in accessing inputs during the COVID-19 pandemic, mostly of pesticides, fertilisers, and seeds. There were some differences across LGAs though. On average, the crisis created difficulties in accessing all kinds of inputs as shown by the highlighted cells. This is consistent with the above-reported perception of the shortage in input supplies. The lockdown measures and movement restrictions during the COVID-19 pandemic contributed to a shortage of labour for agricultural production by limiting access to farmland by farmers and farm workers [34,35]. The effect of the crisis on the access to inputs is stronger in the LGAs of Dawakin Kudu and Minjibir, and to some extent in the LGAs of Ikara, Dawakin, Gezawa, and Rimin Gado.



On average, vegetable producers faced small to moderate COVID-19 related challenges to vegetable storage and selling. The effect on storage and selling is more perceptible in the LGAs of Gezawa and Rimin Gado, and less in Minjibir, Dawakin Kudu, Dawakin, and Garko. The score is slightly larger (average challenge score about 1.77 ± 1.09) than in production (average challenge score about 1.45 ± 0.88). Most importantly, there are more heated cells in Table 6 than in Table 5. This suggests that the COVID-19 pandemic created more challenges post-harvest than pre-harvest. This can be explained by the high perishability of vegetables as well as the potentially reduced market demand for vegetable crops resulting from income losses experienced by consumers. Hence, farmers were able to sustain vegetable production, but faced more difficulties in selling it.



Overall, we note that the scale of challenges appears somewhat lower than those reported by other studies. This can be explained by the timing of data collection between two subsequent countrywide lockdowns. This is also consistent with other reports [36] showing that the proportion of Nigerian households reporting challenges in accessing markets declined from about 40% at the end of May to between 25–30% in June and July.




3.4. COVID-19 Coping Strategies and the Socio-Economic Drivers


We find that respondents developed up to seven strategies to cope with the COVID-19 situation, namely: producing less vegetables for selling, producing more vegetables than before the pandemic for own consumption, eating more own production rather than selling, storing more vegetables, processing more vegetables, finding new markets, and accepting a lower selling price. These coping strategies can be categorised into two groups of production-oriented strategies aimed at managing supplies and market-oriented strategies aimed at transforming the produce and finding alternative markets. Table 7 shows the shares of respondents using each strategy per LGA.



Results show that vegetables farmers tended to adopt more production-oriented coping strategies than market-oriented strategies. The reduction of the supply volume involves income losses for farmers that can be offset by improved nutritional status if vegetables produced at home are consumed to a greater extent. Market-oriented strategies in general might limit income losses but often require investments in storage and processing, access or development of new markets or even price reductions. These strategies come with some transaction costs that farmers might not be able to afford.



To better understand the respondents’ choices, Table 8 presents the results of the multivariate probit regression model. The explanatory variables considered in the regression model drive differentially the choices of the different COVID-19 coping strategies.



	
Drivers of production-oriented coping strategies:




	
Age: We observe that older farmers tend to reduce the supply volume by producing more of their own food (p < 0.01). This can be explained by the fact that older farmers have less physical capacity to make investments and tend to prefer falling back to subsistence production.



	
Education: The level of education shows mixed-effects on the decisions to adopt production-oriented coping strategies that are aimed at reducing the supply volume. More educated farmers are less likely to opt for producing more of their own food (p < 0.10) and this helps them to control better what they eat. In the same way, these farmers are more likely to eat more of their own production (p < 0.10) given that they faced more difficulties to sell their vegetables and want to avoid income losses.



	
Marital status: Married farmers are found to be more likely to adopt production-oriented strategies that reduce the supply volume by deciding to produce less crops for selling (p < 0.01). As hypothesised, for married farmers, it is critical to ensure that income flows from sales to meet non-food expenses and they have lower incentive if market prices or demand are reduced for some crops. This could also be the result of a strategy diverting the required amount required for producing of crops for selling to other activities with a more “guaranteed” demand as vegetable production may be perceived as risky considering the lower demand and high perishability in the context of the pandemic.



	
Household size: Larger households were less likely to reduce their supply volume compared to smaller households (p < 0.01). Farmers with a higher number of household members were more likely to engage in coping strategies that are labour intensive and also allow them producing enough food for their households. Access and entitlement to natural capital significantly determined the decisions taken by smallholder African traditional vegetable farmers to cope with shocks [32].



	
Household asset index: Wealthier households had mixed behaviours in terms of production-oriented coping strategies. Wealthier households were less likely to produce less crops for selling and more likely to produce more for own consumption.



	
Credit access: Access to credit mostly drove production-oriented coping strategies that reduced vegetable supply. The estimated coefficients are significant on the decisions to produce less crops for selling (p < 0.01) and producing more of own food (p < 0.10). This indicates that farmers who have access to credit are likely to maintain their production, but switch from supplied markets to using more for their own consumption. This could help smooth the impact on food consumption.



	
Private extension services: Private extension services have mixed-effects on the farmers’ decisions towards production-strategies that reduce the supply volume. These services encourage farmers to produce more crops for selling (p < 0.01) and also to produce more of own food (p < 0.01).



	
Perception of the effects of COVID-19: A stronger perception of COVID-19 seems to encourage farmers to produce more crops for selling. This could be because farmers also understand that more nutritious and healthy food that include vegetables are recommended. This also highlights the existence of a demand for vegetable that could encourage farmers to produce more, if well communicated.



	
Challenge in accessing farm inputs: Unexpectedly, farmers who faced more challenges in accessing farm inputs were less likely to adopt coping strategies such as producing less crops for selling (p < 0.01).



	
Challenge in storage and sales: Farmers who faced more challenges in storage and sales were more likely to produce less crops for selling (p < 0.01). This way, they avoid post-harvest losses especially if they were not able to sell out all their production.








	
Drivers of market-oriented strategies coping strategies:




	
Age: Compared to younger farmers, older farmers are also less likely to adopt market-oriented strategies such as more processing (p < 0.05) or finding new markets (p < 0.01). Like in the case of production-oriented strategies, it may be that older farmers have less capacity to make investments and tend to prefer falling back to subsistence production.



	
Marital status: Married farmers had mixed-behaviours in relation with respect to market-oriented strategies. They tend to process less (p < 0.05) but explore new markets (p < 0.01). Consistent with the above explanation on production-oriented strategies, married farmers reduce their production but still explore new markets to sell their products.



	
Household size: Despite the market challenges, larger households were less likely to invest in storing (p < 0.01).



	
Production in the last 12 months: Farmers who declared that they produced vegetables within the 12 months preceding the survey were more likely to adopt market-oriented coping strategies such as processing (p < 0.05) and reducing the selling price (p < 0.05). These farmers are typically those who were able to sustain their production (i.e., start new cultivation cycles) to some extent despite the pandemic and who needed to sell their products.



	
Government extension services: Farmers who benefited from government extension services were more likely to adopt market-oriented coping strategies and more precisely the reduction of selling price (p < 0.05).



	
Challenge in accessing farm inputs: Farmers who faced more challenges in accessing farm inputs were less likely to look for new markets (p < 0.05). As they produce less for selling, they also limit their investments in alternative markets.



	
Challenge in storage and sales: Farmers who faced more challenges in storage and sales were also more likely to adopt coping strategies such as processing (p < 0.05) and finding new markets (p < 0.05). They seem to be aware of the market demand and consider storage as a key constraint to solve.











In their study on household well-being and coping strategies in Africa during COVID-19, Koos et al. [36] highlighted the lack of evidence on the impact of the pandemic on food insecurity among poor households, suggesting that these households first reduce consumption of other goods and services and turn to crisis level coping strategies to maintain food consumption, even if this has long-term welfare consequences. Our results suggest that farmers have specific coping strategies as well.



The observed coping strategies and related drivers are consistent with farmers’ responses to other challenges. Yet, the literature documents a broader range of solutions. Farmers develop various coping strategies to respond to economic disturbances (e.g., price volatility, distorted trading conditions, lack of financial resources, and restrictive governmental regulations), social disturbances (e.g., limited succession prospects, depopulation of rural areas and changing consumer habits), and environmental disturbances (e.g., adverse weather conditions, threats to animal health and unsustainable farming practices) [37]. In addition to these disturbances, coping strategies can also help respond to demographic and social changes such as ageing and worsening health conditions. The strategies include seeking public support, operating in the informal sector, occupational diversification (engaging in other on- and off-farm work), reprofiling (downscaling and reducing farming activities to make them more compatible with new conditions), switching to less energy-consuming endeavours/occupations, adoption of cost-saving technologies, prioritisation of activities, outsourcing of certain activities, personal upskilling, informal cooperation among farmers and advice-seeking [37]. Other strategies reported in the literature are: engaging in on-farm processing and off-farm employment, renting out or selling part of the land and rescheduling on-farm tasks, cautious and conservative investment decisions, introduction of niche crops, and diversification of market opportunities. All the strategies we identified fall under the reprofiling strategies [37,38,39,40]. Depending on the progress of the COVID-19 pandemic, the observed coping strategies might have to evolve into adaptation strategies if the crisis were to last much longer.



It is important to note that the data underlying our study are based on the perceptions of respondents, which need to be interpreted as such.





4. Conclusions


COVID-19 forms a major challenge to farmers globally and particularly to those producing perishable produce such as vegetables. The adoption of various coping strategies is therefore an important aspect of household resilience. Our study identified various coping strategies developed by vegetable farmers in selected locations of north-western Nigeria and identified factors associated with them. The COVID-19 measures have both direct and indirect effects on the households perceived by the farmers as moderately affecting them (mean score of 3.1 out of 5). Farmers perceived challenges as slightly more acute in storing and selling vegetables (average challenge score about 1.8 out of 5) than in accessing farm inputs (average challenge score about 1.5 out of 5). They adopted several coping strategies that can be grouped as production- and market-oriented strategies. Socio-economic characteristics such as age, education level, marital status, household size, assets index, vegetable production during the last 12 months, access to credit, access to government or private extension services, perception of the effects of COVID-19, perception of challenge in accessing inputs, and perception of challenge in storage and selling affect differentially the decision of smallholder farmers to adopt coping strategies.



These results highlight potential actions that could be taken to encourage production but also access to the market. For instance, policy makers may want to promote more market-oriented strategies through government extension services. The COVID-19 pandemic could also be an opportunity to invest more in innovations enabling vegetable storage and processing. Other interventions might include: strengthening existing inputs subsidy programs to ensure adequate supply of affordable inputs to most farmers and creating enabling environments for farmers and consumers to collaborate and build trusts to support each other. These potential interventions are avenues that future research can explore and test using rigorous methodologies.
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Figure 1. Map of the study area in Nigeria. 
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Table 1. Sample structure.
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State

	
LGA

	
Sample Size






	
Kudan

	
Kudan

	
59




	
Ikara

	
50




	
Kano

	
Dawakin Kudu

	
80




	
Dawakin Tofa

	
72




	
Minjibir

	
29




	
Garko

	
29




	
Kumbotso

	
50




	
Rimin Gado

	
50




	
Madobi

	
51




	
Gezawa

	
51




	
Total

	
521
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Table 2. Descriptive statistics of the respondents’ socio-economic characteristics.
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	LGA
	Age

(Years)
	Marital Status (1/0)
	HH Size

(# People)
	Education (Years)
	Asset Index *
	Produced Vegetables During Last 12 Months (1/0)
	Access to Credit (1/0)
	Government Extension Services (1/0)
	Private Extension Services (1/0)





	Kudan (n = 59)
	42.78

(11.42)
	1.00
	5.86

(1.54)
	8. 86

(3.99)
	0.26

(0.10)
	1.00
	0.00
	0.01

(0.13)
	0.15

(0.36)



	Ikara (n = 50)
	40.48

(8.49)
	1.00
	5.26

(1.16)
	11.54

(4.32)
	0.43

(0.18)
	1.00
	0.00
	0.00
	0.14

(0.35)



	Dawakin Kudu (n=80)
	39.47

(10.16)
	0.97

(0.15)
	2.29

(0.71)
	8.42

(6.65)
	0.08

(0.06)
	0.12

(0.33)
	0.00
	0.14

(0.34)
	0.24

(0.42)



	Dawakin Tofa (n = 72)
	42.00

(13.86)
	0.85

(0.36)
	5.72

(2.40)
	7.69

(5.77)
	0.13

(0.05)
	0.79

(0.40)
	0.88

(0.32)
	0.11

(0.32)
	0.17

(0.37)



	Minjibir (n = 29)
	46.96

(13.09)
	0.96

(0.18)
	6.65

(1.88)
	9.83

(6.49)
	0.10

(0.01)
	0.69

(0.47)
	0.38

(0.49)
	0.00
	0.00



	Garko (n = 29)
	36.48

(11.27)
	0.96

(0.18)
	2.07

(0.37)
	10.10

(5.92)
	0.06

(0.08)
	0.10

(0.50)
	0.00
	0.00
	0.03

(0.18)



	Madobi (n = 51)
	44.55

(10.20)
	1.00
	6.25

(1.65)
	7.43

(5.20)
	0.27

(0.16)
	0.55

(0.50)
	0.00
	0.16

(0.36)
	0.21

(0.41)



	Gezawa (n = 51)
	46.24

(12.75)
	0.84

(0.37)
	7.80

(3.50)
	13.90

(5.94)
	0.44

(0.23)
	0.43

(0.50)
	0.00
	0.08

(0.27)
	0.21

(0.41)



	Kumbutso (n = 50)
	42.88

(12.00)
	1.00
	6.28

(2.01)
	8.72

(4.49)
	0.33

(0.15)
	0.74

(0.44)
	0.00
	0.00
	0.00



	Rimin Gado (n = 50)
	43.94

(12.00)
	0.84

(0.37)
	9.02

(4.99)
	15.26

(4.60)
	0.19

(0.13)
	0.04

(0.19)
	0.00
	0.00
	0.00



	Total (N = 521)
	43.94

(12.20)
	0.94

(0.24)
	5.64

(3.13)
	9.97

(5.94)
	0.23

(0.18)
	0.57

(0.50)
	0.14

(0.35)
	0.06

(0.24)
	0.13(0.34)







Note: * The index are normalised scores calculated based on the household’s ownership of selected assets (furniture, fan, mattress, bed, mat, sewing machine, gas cooker, fridge, freezer, bicycle, motorbike, lorry, car, generator, hi-fi (sound system), iron, tv set, computer, DVD player and mobile phone) using principal component analysis. Values in parentheses are standard deviations.
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Table 3. Respondents’ perceptions on the effects of shocks experienced over the last 5 years.
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LGA

	
Extent to Which Households Were Affected by […] Over the Last 5 Years on a Scale From 1 (Not Affected at All) to 5 (Severely Affected)




	
Natural Disasters A

	
Theft, Illness, Death B

	
Production Shocks C

	
COVID-19 D






	
Kudan (n = 59)

	
1.00 (0.04)

	
1.02 (0.08)

	
1.04 (0.12)

	
2.62 (0.39)




	
Ikara (n = 50)

	
1.00 (0)

	
1.01 (0.07)

	
1.01 (0.06)

	
2.20 (0.40)




	
Dawakin Kudu (n = 80)

	
1.29 (0.05)

	
1.01 (0.09)

	
1.08 (0.22)

	
3.21 (0.57)




	
Dawakin Tofa (n = 72)

	
1.00 (0)

	
1.28 (0.39)

	
1.19 (0.28)

	
3.73 (0.41)




	
Minjibir (n = 29)

	
1.00 (0)

	
1.04 (0.16)

	
1.27 (0.31)

	
4.00 (0.02)




	
Garko (n = 29)

	
1.00 (0)

	
1.00 (0)

	
1.07 (0.21)

	
3.59 (0.64)




	
Madobi (n = 51)

	
1.00 (0)

	
1.02 (0.13)

	
1.12 (0.19)

	
1.21 (0.19)




	
Gezawa (n = 51)

	
1.26 (0.41)

	
1.28 (0.60)

	
1.37 (0.28)

	
4.43 (0.39)




	
Kumbutso (n = 50)

	
1.00 (0)

	
1.01 (0.07)

	
1.02 (0.09)

	
1.21 (0.08)




	
Rimin Gado (n = 50)

	
1.45 (0.54)

	
1.72 (0.58)

	
1.25 (0.39)

	
4.80 (0.26)




	
Total (N = 521)

	
1.11 (0.33)

	
1.15 (0.37)

	
1.14 (0.26)

	
3.07 (1.23)








Note: A Includes major fire outbreak, flood/cyclone and drought. B Includes major theft of household assets, major illness in the family, natural death in the family and divorce/separation. C Includes major theft of agricultural assets including livestock or crop output, major crop disease, major animal disease, loss of land. D Includes both direct and indirect effects of the COVID-19 pandemic as described in Table 4. Values in parentheses are standard deviations.
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Table 4. Respondents’ perceptions on the effects of the COVID-19 measures.
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LGA

	
Effect of the COVID-19 Measures […] on a Scale From 1 (Not Affected at All) to 5 (Severely Affected)




	
General Lockdown

	
Curfew

	
Input Market Closure

	
Social Distancing

	
Movement Restriction

	
Quarantine






	
Kudan (n = 59)

	
3.71 (0.72)

	
1.95 (1.07)

	
3.74 (0.54)

	
1.20 (0.52)

	
3.10 (0.80)

	
1.34 (0.88)




	
Ikara (n = 50)

	
3.98 (0.14)

	
1.62 (1.09)

	
2.80 (0.95)

	
1.16 (0.42)

	
2.32 (0.87)

	
1.10 (0.42)




	
Dawakin Kudu (n = 80)

	
3.56 (5.97)

	
3.35 (0.92)

	
3.15 (1.07)

	
3.19 (1.06)

	
3.18 (0.86)

	
2.63 (1.28)




	
Dawakin Tofa (n = 72)

	
3.89 (0.36)

	
3.92 (0.40)

	
3.92 (0.37)

	
3.87 (0.44)

	
3.94 (0.41)

	
3.87 (0.53)




	
Minjibir (n = 29)

	
4.00 (0)

	
4.03 (0.19)

	
4.00 (0)

	
4.00 (0)

	
4.00 (0)

	
4.00 (0)




	
Garko (n = 29)

	
3.52 (0.87)

	
3.62 (0.90)

	
3.51 (0.87)

	
3.59 (0.95)

	
3.65 (0.86)

	
3.48 (0.99)




	
Madobi (n = 51)

	
1.90 (0.46)

	
1.80 (0.60)

	
1.39 (0.66)

	
1.10 (0.30)

	
1.14 (0.40)

	
1.00 (0)




	
Gezawa (n = 51)

	
4.90 (0.30)

	
4.76 (0.47)

	
4.59 (0.57)

	
4.51 (0.70)

	
4.55 (0.64)

	
3.14 (1.48)




	
Kumbutso (n = 50)

	
1.98 (0.14)

	
1.98 (0.25)

	
1.38 (0.53)

	
1.08 (0.27)

	
1.06 (0.24)

	
1.00 (0)




	
Rimin Gado (n = 50)

	
4.92 (0.27)

	
4.90 (0.30)

	
4.82 (0.44)

	
4.88 (0.33)

	
4.88 (0.33)

	
4.58 (0.93)




	
Total (N = 521)

	
3.63 (1.09)

	
3.16 (1.38)

	
3.32 (1.30)

	
2.83 (1.57)

	
3.16 (1.37)

	
2.55 (1.55)




	

	
Employment

	
Loss of Income/Revenues

	
Food Shortages

	
Cost of Food

	
Cost of Medicines

	
Shortage in Input Supply




	
Kudan (n = 59)

	
1.81 (0.80)

	
2.47 (0.86)

	
2.49 (1.07)

	
3.52 (0.73)

	
2.90 (0.86)

	
3.24 (0.75)




	
Ikara (n = 50)

	
2.06 (0.71)

	
2.38 (0.83)

	
1.90 (0.91)

	
2.50 (0.73)

	
2.52 (1.09)

	
2.12 (0.94)




	
Dawakin Kudu (n = 80)

	
3.09 (1.19)

	
2.91 (1.24)

	
3.30 (0.10)

	
3.44 (0.98)

	
3.32 (0.94)

	
3.40 (1.14)




	
Dawakin Tofa (n = 72)

	
3.03 (1.37)

	
3.49 (0.99)

	
3.72 (0.59)

	
3.71 (0.54)

	
3.72 (0.51)

	
3.71 (0.49)




	
Minjibir (n = 29)

	
3.96 (0.18)

	
4.00 (0)

	
4.00 (0)

	
4.00 (0)

	
4.00 (0)

	
4.00 (0)




	
Garko (n = 29)

	
3.79 (0.82)

	
3.48 (1.09)

	
3.62 (0.98)

	
3.65 (0.97)

	
3.52 (0.91)

	
3.62 (0.90)




	
Madobi (n = 51)

	
1.04 (0.28)

	
1.04 (0.19)

	
1.04 (0.28)

	
1.06 (0.31)

	
1.04 (0.20)

	
1.00 (0)




	
Gezawa (n = 51)

	
4.76 (0.55)

	
4.49 (0.78)

	
4.49 (0.73)

	
4.72 (0.53)

	
3.86 (1.09)

	
4.37 (0.69)




	
Kumbutso (n = 50)

	
1.00 (0)

	
0.98 (0.14)

	
1.00 (0)

	
1.00 (0)

	
1.02 (0.14)

	
1.02 (0.14)




	
Rimin Gado (n = 50)

	
4.82 (0.39)

	
4.90 (0.30)

	
4.66 (0.63)

	
4.88 (0.33)

	
4.64 (0.66)

	
4.82 (0.48)




	
Total (N = 521)

	
2.85 (1.54)

	
2.96 (1.47)

	
2.99 (1.45)

	
3.24 (1.40)

	
3.04 (1.36)

	
3.11 (1.41)








Note: Values in parentheses are standard deviations.
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Table 5. Heat map of the scale of challenges experienced by farmers in accessing various inputs in vegetables production as a result of the COVID-19 pandemic.
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	LGA
	Access to Seeds
	Access to Fertilisers
	Access to Pesticides
	Hired Casual Labour
	Agricultural Equipment
	Access to Credit
	Mean Score





	Kudan (n = 59)
	1.13 (0.51)
	1.20 (0.55)
	1.19 (0.57)
	1.00
	1.00
	0.18 (0.75)
	0.95 (0.28)



	Ikara (n = 50)
	1.00 (0)
	1.28 (0.78)
	1.00
	1.00
	1.06 (0)
	0.10 (0.50)
	0.91 (0.21)



	Dawakin Kudu (n = 80)
	1.16 (0.51)
	1.35 (0.08)
	1.44 (0.91)
	1.44 (0.92)
	1.50 (0.00)
	0.30 (0.85)
	1.20 (0.67)



	Dawakin Tofa (n = 72)
	1.80 (1.33)
	2.89 (1.39)
	2.75 (1.40)
	1.05 (0.84)
	0.92 (0.57)
	0.30 (0.23)
	1.57 (0.75)



	Minjibir (n = 29)
	1.52 (1.40)
	2.55 (1.78)
	2.69 (1.85)
	0.96 (1.05)
	0.69 (0.47)
	0.00
	1.40 (0.97)



	Garko (n = 29)
	1.34 (0.81)
	1.34 (0.77)
	1.52 (1.02)
	1.55 (1.12)
	1.59 (1.05)
	0.31 (0.85)
	1.27 (0.79)



	Madobi (n = 51)
	1.00
	1.00
	1.00
	1.05 (0.31)
	1.00
	0.00
	0.84 (0.05)



	Gezawa (n = 51)
	2.78 (0.81)
	3.20 (1.00)
	3.25 (0.18)
	2.88 (1.12)
	2.82 (0.97)
	2.29 (0.92)
	2.87 (0.60)



	Kumbutso (n = 50)
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	0.83 (0)



	Rimin Gado (n = 50)
	2.62 (0.72)
	2.56 (0.88)
	3.36 (0.77)
	2.64 (0.72)
	2.86 (0.70)
	2.36 (0.69)
	2.73 (0.35)



	Total (N = 521)
	1.53 (0.98)
	1.83 (1.23)
	1.90 (1.31)
	1.45 (0.99)
	1.44 (0.97)
	0.55 (1.07)
	1.45 (0.89)







Note: Values are challenge scales in assessing […] based on a scale from 1 (no challenge encountered) to 5 (severe challenge, was impossible to access). Colours reflect p-values based on t-tests between the scale of each challenge and the dichotomous (yes/no) perception that the challenges were worsened by the COVID-19 pandemic. Values in green, blue and red indicate p > 0.10, 0.05 and 0.01, respectively. Values in parentheses are standard deviations. 
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Table 6. Heat map of the scale of challenges experienced by farmers in storage and selling as a result of the COVID-19 pandemic.
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	LGA
	Lack of Storage
	Lack of Transportation Means
	Closure/

Restriction of Markets
	Lack of Buyers/Markets
	Low Selling Prices
	Access to Credit
	Mean Score





	Kudan (n = 59)
	1.07 (0.41)
	1.13 (0.60)
	1.13 (0.60)
	1.22 (0.67)
	1.22 (0.64)
	1.05 (0.28)
	1.14 (0.36)



	Ikara (n = 50)
	1.08 (0.39)
	1.20 (0.61)
	1.26 (0.72)
	1.28 (0.78)
	1.36 (0.85)
	1.00
	1.20 (0.48)



	Dawakin Kudu (n = 80)
	1.47 (0.97)
	1.42 (0.92)
	1.47 (0.99)
	1.50 (1.03)
	1.35 (0.76)
	1.26 (0.69)
	1.41 (0.75)



	Dawakin Tofa (n = 72)
	1.74 (1.11)
	2.14 (1.21)
	2.24 (1.28)
	2.30 (1.14)
	2.36 (0.31)
	2.12 (0.24)
	2.15 (1.13)



	Minjibir (n = 29)
	1.83 (1.46)
	2.10 (1.52)
	2.10 (1.52)
	2.24 (1.57)
	2.21 (1.54)
	2.10 (1.50)
	2.10 (1.46)



	Garko (n = 29)
	1.17 (0.66)
	1.21 (0.62)
	1.31 (0.81)
	1.24 (0.73)
	1.14 (0.51)
	1.03 (0.18)
	1.18 (0.43)



	Madobi (n = 51)
	1.00
	1.00
	1.00
	1.02 (0.14)
	1.00
	1.00
	1.00 (0.02)



	Gezawa (n = 51)
	3.25 (0.95)
	3.21 (0.92)
	3.47 (0.76)
	3.39 (0.77)
	3.43 (0.92)
	3.35 (0.87)
	3.35 (0.59)



	Kumbutso (n = 50)
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00



	Rimin Gado (n = 50)
	3.14 (0.78)
	3.02 (0.79)
	3.46 (0.68)
	3.38 (0.72)
	3.22 (0.76)
	3.22 (0.79)
	3.24 (0.49)



	Total (N = 521)
	1.67 (1.12)
	1.74 (1.14)
	1.84 (1.23)
	1.85 (1.22)
	1.83 (1.21)
	1.71 (1.14)
	1.77 (1.09)







Note: Values are challenge scales in assessing the challenge experienced based on a scale from 1 (no challenge encountered) to 5 (severe challenge, was impossible to access). Colours reflect p-values based on t-tests between the scale of each challenge and the dichotomous (yes/no) perception that the challenges were worsened by the COVID-19 pandemic. Values in green, blue and red indicate p > 0.10, 0.05 and 0.01, respectively. Values in parentheses are standard deviations.
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Table 7. Share of farm households using various coping strategies in vegetable production and marketing.






Table 7. Share of farm households using various coping strategies in vegetable production and marketing.





	
LGA

	
Production-Oriented Strategies

	
Market-Oriented Strategies




	
Producing Less Crops for

Selling (1/0)

	
Producing

More of Own Food (1/0)

	
Eat More Own Production (1/0)

	
Process More (1/0)

	
Store More (1/0)

	
Find New Markets (1/0)

	
Reduce the Selling Price (1/0)






	
Kudan (n = 59)

	
0.00

	
0.00

	
0.32 (0.47)

	
0.02 (0.13)

	
0.12 (0.33)

	
0.00

	
0.17 (0.38)




	
Ikara (n = 50)

	
0.00

	
0.00

	
0.54 (0.50)

	
0.06 (0.24)

	
0.10 (0.30)

	
0.04 (0.26)

	
0.12 (0.33)




	
Dawakin Kudu (n = 80)

	
0.02 (0.16)

	
0.04 (0.19)

	
0.06 (0.24)

	
0.37 (0.49)

	
0.47 (0.50)

	
0.02 (0.16)

	
0.05 (0.22)




	
Dawakin Tofa (n = 72)

	
0.51 (0.50)

	
0.01 (0.12)

	
0.01 (0.12)

	
0.00

	
0.00

	
0.01 (0.12)

	
0.00




	
Minjibir (n = 29)

	
0.72 (0.45)

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00




	
Garko (n = 29)

	
0.00

	
0.00

	
0.00

	
0.62 (0.49)

	
0.45 (0.51)

	
0.00

	
0.00




	
Madobi (n = 51)

	
0.08 (0.27)

	
0.61 (0.49)

	
0.13(0.35)

	
0.25 (0.44)

	
0.53 (0.50)

	
0.00

	
0.00




	
Gezawa (n = 51)

	
0.06 (0.24)

	
0.06 (0.24)

	
0.47 (0.50)

	
0.08 (0.27)

	
0.14 (0.35)

	
0.11 (0.33)

	
0.14 (0.35)




	
Kumbutso (n = 50)

	
0.02 (0.14)

	
0.68 (0.47)

	
0.58 (0.50)

	
0.12 (0.33)

	
0.10 (0.30)

	
0.00

	
0.00




	
Rimin Gado (n = 50)

	
0.00

	
0.06 (0.24)

	
0.96 (0.20)

	
0.08 (0.27)

	
0.04 (0.19)

	
0.00

	
0.02 (0.14)




	
Total (N = 521)

	
0.13 (0.34)

	
0.14 (0.35)

	
0.31 (0.46)

	
0.15 (0.36)

	
0.20 (0.40)

	
0.02 (0.14)

	
0.05 (0.22)








Note: Values in parentheses are standard deviations.
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Table 8. Results of the multivariate probit model.
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Explanatory Variables

	
Production-Oriented Strategies

	
Market-Oriented Strategies




	
Producing Less Crops for Selling (1/0)

	
Producing More for Own Consumption (1/0)

	
Eat More Own Production (1/0)

	
Process More

(1/0)

	
Store More

(1/0)

	
Find New

Markets (1/0)

	
Reduce the Selling Price (1/0)






	
Age (years)

	
−0.01 (0.01)

	
0.02 *** (0.00)

	
4 × 10 –3 (0.01)

	
−0.01 ** (0.00)

	
−4 × 10–3 (0.01)

	
−0.04 *** (0.01)

	
1 × 10–3 (0.01)




	
Level of education (years)

	
−0.023 (0.03)

	
−0.16 * (0.08)

	
0.03 ** (0.02)

	
−0.02 (0.02)

	
−1 × 10–3 (0.01)

	
8 × 10–3 (0.05)

	
3 × 10– 3 (0.04)




	
HH head currently married (1/0)

	
0.44 *** (0.09)

	
−0.51 (0.94)

	
−0.19 (0.29)

	
−0.88 ** (0.44)

	
−0.01 (0.17)

	
0.47 ***(0.18)

	
−0.19 (0.22)




	
HH size (# people)

	
−0.04 *** (0.02)

	
0.01 (0.09)

	
0.03 (0.03)

	
−0.00 (0.03)

	
−0.07 *** (0.03)

	
−0.00 (0.06)

	
0.06 (0.03)




	
HH assets index

	
−1.24 *** (0.43)

	
1.53 ** (0.64)

	
0.36 (0.71)

	
0.08 (0.38)

	
−0.89 (0.67)

	
−0.73 (1.81)

	
−0.63 (0.47)




	
Production the last 12 months (1/0)

	
0.15 (0.29)

	
0.12 (0.29)

	
0.18 (0.15)

	
0.71 ** (0.34)

	
0.09 (0.21)

	
−0.73 (0.87)

	
0.55 ** (0.27)




	
Credit access (1/0)

	
−0.89 *** (0.25)

	
4.95 * (2.61)

	
−0.01 (0.58)

	
−0.02 (0.23)

	
−0.03 (0.19)

	
4.17 (23.76)

	
−2 × 10–11 (5.80)




	
Government extension services (1/0)

	
−0.53 (0.39)

	
0.39 (0.43)

	
−0.01 (0.37)

	
−0.46 (0.28)

	
0.54 (0.29)

	
0.64 (0.71)

	
0.65 ** (0.32)




	
Private extension services (1/0)

	
−0.61 *** (0.25)

	
0.78 *** (0.14)

	
0.53 (0.40)

	
−0.33 (0.41)

	
0.29 (0.21)

	
−0.11 (0.47)

	
0.05 (0.40)




	
Effects of COVID-19 (mean perception score)

	
−0.41 *** (0.13)

	
−0.18 (0.36)

	
0.11 (0.18)

	
−1 × 10–3 (0.23)

	
0.28 (0.17)

	
−0.014 (0.31)

	
−0.19 (0.22)




	
Challenge in accessing inputs (mean perception score)

	
−0.44 *** (0.16)

	
0.25 (0.45)

	
−0.14 (0.15)

	
−0.40 (0.27)

	
−0.19 (0.26)

	
−0.69 ** (0.29)

	
−0.10 (0.24)




	
Challenge in storage and selling (mean perception score)

	
1.16 *** (0.16)

	
−0.37 (0.30)

	
0.11 (0.09)

	
0.42 ** (0.20)

	
0.09 (0.15)

	
0.83 ** (0.36)

	
0.50 (0.30)








Note: * p < 0.10, ** p < 0.05, *** p < 0.01. This specification includes LGA dummies. Values in parentheses are standard-errors. Likelihood ratio test of rho21 = rho31 = rho41 = rho51 = rho61 = rho71 = rho32 = rho42 = rho52 = rho62 = rho72 = rho43 = rho53 = rho63 = rho73 = rho54 = rho64 = rho74 = rho65 = rho75 = rho76 = 0: chi2(21) = 749.25 and Prob > chi2 = 0.0000.
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