

  Determinants of Food Crop Diversity and Profitability in Southeastern Nigeria: A Multivariate Tobit Approach




Determinants of Food Crop Diversity and Profitability in Southeastern Nigeria: A Multivariate Tobit Approach







Agriculture 2016, 6(2), 14; doi:10.3390/agriculture6020014




Article



Determinants of Food Crop Diversity and Profitability in Southeastern Nigeria: A Multivariate Tobit Approach



Sanzidur Rahman * and Chidiebere Daniel Chima





School of Geography, Earth and Environmental Sciences, University of Plymouth, Drake Circus, Plymouth, PL4 8AA, UK









*



Correspondence: Tel.: +44-1752-585-911; Fax: +44-1752-584-710







Academic Editor: Les Copeland



Received: 27 November 2015 / Accepted: 23 March 2016 / Published: 1 April 2016



Abstract:



The present study jointly determines the factors influencing decisions to diversify into multiple food crops (i.e., rice, yam and cassava) vis-à-vis profitability of 400 farmers from Ebonyi and Anambra states of Southeastern Nigeria using a multivariate Tobit model. Model diagnostic reveals that the decisions to diversify into multiple crops and profits generated therefrom are significantly correlated, thereby justifying use of a multivariate approach. Results reveal that 68% of the farmers grew at least two food crops and profitability is highest for only rice producers followed by joint rice and yam producers, which are mainly for sale. Farm size is the most dominant determinant of crop diversity vis-à-vis profitability. A rise in the relative price of plowing significantly reduces profitability of yam and rice. High yield is the main motive for growing yam and cassava whereas ready market is for rice. Other determinants with varying level of influences are proximity to market and/or extension office, extension contact, training, agricultural credit, subsistence pressure and location. Policy recommendations include investments in market infrastructure and credit services, land and/or tenurial reform and input price stabilization to promote food crop diversity vis-à-vis profitability in Southeastern Nigeria.
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1. Introduction


A major criticism of the widespread diffusion of the cereal based Green Revolution (GR) technology in Asia and Latin America is its adverse effect on the loss of biodiversity and dominance of cereal monoculture. Although GR technology diffusion was attempted in Africa, the success and extent of adoption was limited and the continent is still characterized by diversified agriculture and semi-subsistence farming.



Nigeria, the largest economy in Africa with rich reserves of crude oil resources, is still dependent on the agricultural sector for the supply of raw materials, food, and foreign exchange and employs over 70% of the labor force [1]. The sector is also characterized by small-scale semi-subsistence farming system comprising more than 70 million farmers/rural citizens [1]. Although the agricultural sector is believed to have high potential, it is characterized by low level of productivity and modern technology adoption [2,3].



Conventionally, cassava and yam were the main staple food crops in Nigeria with wide range of industrial and commercial uses as well. The country is one of the leading producers of cassava and yam in the world, supplying more than 68% of global yam production and providing the majority of the calorie requirements of its vast population base from these two staples [4,5,6,7]. However, over the past two decades, rice is also gaining momentum as a major staple food crop in Nigeria, growing at an annual rate of 14% from 1990 by mainly substituting other coarse grains, roots and tubers for consumption [8]. Awerije and Rahman [9] noted a number of constraints, e.g., low level of productivity and efficiency, lack of processing and poor marketing infrastructure, are hindering the cassava sector to realize its strong potential to support agricultural growth in Nigeria. Similarly, the potential of yam is also affected due to constraints in unavailability and affordability of high quality seed yams, on-farm postharvest losses, low soil fertility, and unexploited potential of yam markets by smallholder farmers [7]. There is substantial yield gap of these major staples as compared to their potential. For example, the current yield of rice, cassava and yam is only 1.9, 12.3 and 12.3 mt/ha, whereas the potential yields could be 7.0, 28.04 and 18.0 mt/ha, respectively [10]. In addition, for the majority of these semi-subsistence farmers, agriculture is seen as a way of life and not a business aimed at maximizing production, yield and/or profits [11].



Manyong et al. [12] noted that the most fundamental constraint to agricultural growth in Nigeria is peasant production system, poor response to technology adoption, land fragmentation and crop failure which increases production risk and perhaps explains why small and poor farmers have embraced crop diversification or producing multiple crops adapted to specific agro-ecological zones [13]. Crop diversification as a farming strategy believed to have a number of advantages, e.g., ability to reduce and spread risk, improve income and employment opportunity, ability to reduce disease and pest infestations and improve soil fertility in some cases [14]. Bamji [15] noted that diversification within food crops and/or between crops and livestock improves nutrition security, particularly for the poor and marginal farmers.



The literature on the impact of crop diversification is quite mixed. For example, Guvele [16] noted that crop diversification reduces income variability in Sudan, whereas van den Berg et al. [17] noted that it sustains income level for farmers in China. Kar et al. [18] and Rahman [19] noted that crop diversification increases agricultural production in India and Bangladesh, respectively. Llewelyn and Williams [20] and Haji [21] noted that crop diversification decreases farmers’ production efficiency in Indonesia and Ethiopia, respectively while Coelli and Fleming [22] and Rahman [19] reported that crop diversification actually improves farmers’ production efficiency in Papua New Guinea and Bangladesh, respectively. The implication is that the conclusions on the effect of crop diversification vary substantially from region to region, and therefore requires being addressed on a case-by-case basis.



Since crop diversification is being practiced by the small and poor farmers in Nigeria on the one hand [13,23], and given such poor productivity performance of major staple food crops on the other hand, despite having strong potential to support agricultural growth, it is important to: (a) examine the level and extent of food crop diversity at the farm level; and (b) identify the factors influencing food crop diversity vis-à-vis profitability at the farm level. This is because crop diversification is believed to have a number of advantages, such as, reducing variability in production, yield and/or income as well as improving production efficiency and economies of scope [16,17,19].



Farmers generally produce multiple crops in order to meet their consumption and various other needs depending on their socio-economic circumstances and motivation. Literature abounds with examination of factors influencing mainly adoption of modern technology in crop production at the farm level usually focusing on single crop only [24,25], although in reality farmers produce multiple crops [26,27,28]. In this study, we aim at identifying farmers’ decision to diversify into multiple food crop production vis-à-vis profits generated therefrom. We focus on profits generated from making crop choices because unless food is produced both for own consumption as well as for the market, the sector is unlikely to contribute significantly towards the growth of Nigerian agriculture. Farms are also businesses where decisions are made and implemented by the farmer alone under relatively more external pressures than any other businesses (Groenwald, 1987 and Errington, 1991 cited in [29]. Therefore, in order to realistically identify the host of factors influencing such a complex decision-making process, i.e., production of multiple food crops vis-à-vis profits generated therefrom, we utilize a multiple equation Tobit model which is capable of jointly estimating all the relevant parameters of the model and also provides evidence of jointness in the decision-making process. We depart from the conventional approach to analyze factors influencing crop diversification by specifying a composite crop diversification index, such as Herfindahl index [26,27] as a function of a set of explanatory variables composed of price and non-price variables by utilizing a regression model because we would like to simultaneously identify the nature of the combination of various food crops that the individual farmer chooses to produce and the factors influencing such decision-making process. The conventional approach using a single composite index of crop diversification will only provide information on the determinants of overall crop diversity but will not be able to demonstrate the nature of combination and whether the decisions to produce multiple crops are related or not. Also, since not all of the farmers are expected to produce all crops, but to produce any combination of the three food crops under investigation at any one time, which implies zero observations for certain crops by individual farmers, the appropriate modeling framework is the use of a truncated regression model. In our case, we apply a multiple equation Tobit model instead of a single equation Tobit model because the latter can accommodate decision to choose only a single crop at a time. This is the main contribution of our research to the literature on crop diversification in the sense that we aim to provide the evidence of whether the decision to produce multiple crops is related (i.e., which crops are combined and in what way) and whether the same set of factors influence decision to choose each crop or they differ across crops. We do so by using farm-level cross-sectional data of 400 farmers from Ebonyi and Anambra states of Southeastern Nigeria collected in 2012. This is because a thorough understanding of farmers’ decision-making process is of genuine interest to the policy makers and academics [29].



The paper is structured as follows. Section 2 presents the analytical framework, study area and the data. Section 3 presents the results. Section 4 concludes and draws policy implications.




2. Methodology


2.1. Modelling Factors Influencing Crop Diversity: Multivariate Tobit Model


Studies abound which have explored determinants of modern technology adoption and/or crop choices and/or crop diversity largely applying univariate probit, Tobit or logit regressions of a single crop on variables representing socio-economic circumstances of farmers [24,25,27,30]. The implicit theoretical underpinning of all such modeling exercise is the assumption of utility maximization by rational farmers, and forms the theoretical basis of our study as well.



We postulate that the farmers follow sequential decisions; first “whether to choose to grow a particular food crop or not”; and second, conditional on choice, what is the level or intensity of such choice? In such a case, a censored regression model is required. A Tobit model is the most suitable because it uses all observations, both those at the limit, usually zero (e.g., who did not choose the particular crop), and those above the limit (e.g., who chose the particular crop) to estimate a regression line as opposed to other techniques that use only observations that are above the limit value [31]. The procedure also captures latent level of intensity of potential farmers who decide not to choose a particular crop. Another feature of the Tobit model is that it is a truncated regression model where the values above the threshold can be continuous. For example, in our case the threshold is 0 (i.e., lower limit) and all values above that limit is continuous, i.e., the actual level of profit derived from growing the chosen crop with no upper limit set. Therefore, cases where zero observations are a norm (e.g., when a farmer do not chose a certain crop), use of truncated regression model is more appropriate than Ordinary Least Square model.



Let the outcome function for choosing a particular food crop (measured as profitability, i.e., profit per ha) derived from the chosen crop) be given by:


[image: there is no content]



(1)




where Xi is the vector of regressors, γ is the vector of parameters to be estimated, and µi is the error term. For households choosing yam, [image: there is no content] equals the actual level of returns (Yi). For those who did not choose yam, [image: there is no content] is an index reflecting potential return such that:


Yi= Yi*if γ′ Xi+μi>0= 0if γ′Xi+μi < 0



(2)







The advantage of the Tobit model as in Equation (2) is that it captures the decision to choose as well as the resulting outcome, whereas a probit model will provide information on the decision to choose only. Since we see that a substantial proportion of farmers grew either a combination of two or all three food crops at the same time (Table 1), we postulate a multivariate Tobit model in order to capture this joint outcome:


[image: there is no content]



(3)




where [image: there is no content] denotes return of the ith farmer who grew yam; [image: there is no content] denotes return of the ith farmer who grew cassava; [image: there is no content] denotes return of the ith farmer grew rice; ρ12 is the correlation between the error terms µ1i and µ2i; ρ13 is the correlation between the error terms µ1i and µ3i; and ρ23 is the correlation between the error terms µ2i and µ3i. The distributions are independent if and only if ρ12 = ρ13 = ρ23 = 0.



Table 1. Extent of food crop diversity and profitability amongst the sampled farmers.







	
Producer Categories

	
Percent of Total Farmers (%)

	
Farm Operation Size (ha)

	
Gross Return (Naira per ha)

	
Profitability (Naira pe ha)






	
Only rice producer (rice = 1; yam = 0; cassava = 0)

	
6.25

	
0.79

	
1075340.0

	
740536.2




	
Only yam producer (rice = 0; yam = 1; cassava = 0)

	
5.25

	
0.68

	
558476.2

	
383312.4




	
Only cassava producer (rice = 0; yam = 0; cassava = 1)

	
18.00

	
0.53

	
249622.1

	
157553.0




	
Rice and yam producer (rice = 1; yam = 1; cassava = 0)

	
2.50

	
1.20

	
789966.0

	
505291.0




	
Rice and cassava producer (rice = 1; yam = 0; cassava = 1)

	
2.25

	
1.24

	
671714.6

	
419673.0




	
Yam and cassava producer (rice = 0; yam = 1; cassava = 1)

	
41.00

	
0.99

	
405167.1

	
261692.2




	
Rice, yam and cassava producer (rice = 1; yam = 1; cassava = 1)

	
24.75

	
2.54

	
610350.8

	
461831.5




	
Overall

	
100.00

	
1.27

	
493728.8

	
338439.0




	
Number of observations (farm households)

	
400

	

	

	








Note: Exchange Rate: GBP 1.00 = Naira 200.00 in 2012.








This enables us to accommodate farmer’s decision to choose a single or a combination of crops at the same time. The other advantage of this multivariate approach, as opposed to the univariate approach (i.e., single equation Tobit/probit/logit models), is that it is more efficient because it not only nests individual univariate models but also enables us to demonstrate jointness of the decision-making process by providing an estimate of the correlation between the error terms of the individual univariate models. Only a few studies utilized such improved multivariate models. For example, Lansink et al. [32] and Teklewold et al. [33] used multivariate probit models for their research. Though their approach takes care of the potential correlation of disturbances arising from interrelationships of decisions of different choices, the impact of factors on the intensity of participation rates in different choices cannot be measured. Rahman and Akter [34] used multivariate Tobit model to identify determinants of three livelihood options of Bangladeshi rural households. We adopt this multivariate Tobit model in our study as it overcomes the limitation of the multivariate probit model and measures the impact of factors on the intensity of participation rates (i.e., profitability in our case) from making different crop production choices.



The model is estimated with a program code developed by Barslund [35]. The procedure involves simulation using Halton draws to generate random numbers for evaluation of the multi-dimensional Normal integrals in the likelihood function. For each observation, a likelihood contribution is calculated for each replication. The simulated likelihood contribution is the average of the values derived from all replications. The simulated likelihood function for the sample as a whole is then maximized using a standard Maximum Likelihood procedure [34].




2.2. Study Area and the Data


A multi-stage sampling procedure was utilized for sample selection and data collection. First, Ebonyi and Anambra states of Southeastern Nigeria were purposively chosen. Ebonyi state is newly created in 1996 and 80% of its land rich arable land, although 90% of its farmers are small holders and it is a predominantly rural area [36]. On the other hand, Anambra state is an older state with 70% of its area suitable for agricultural production and relatively urbanized in nature [37]. Three local government areas (LGAs) from each state were selected randomly based on the cell structure developed by the Agricultural Development Program, the major extension organization of the government. Next, 10 communities/villages from each LGA were chosen randomly. Next, farmers were chosen from these communities using a simple random sampling procedure. The total number of farm households in each village formed the sample frame. Then, the sample size (n) of household units in the study area is determined by applying the following formula [38]:


[image: there is no content]



(4)




where n = sample size; N = total number of farm households; z = confidence level (at 95% level z = 1.96); p = estimated population proportion (0.5, this maximizes the sample size); and d = error limit of 5% (0.05).



Application of the sampling formula presented in Equation (6) yielded a total required sample of 450. However, a total of 600 questionnaires were distributed (300 in each state with 30 in each community). Although 290 questionnaires from Ebonyi and 190 from Anambra states were returned, complete information was available in only 249 and 141 questionnaires from these states, respectively. Therefore, the final sample size stands at 400 households. Details on input and output data on three major food crops (i.e., cassava, yam and rice) were recorded in addition to key demographic and socio-economic information from each of the farm households. The co-author and two trained research assistants who are agricultural graduates were used for collecting primary data.




2.3. The Empirical Model


A multivariate Tobit model is developed to empirically investigate the socio-economic factors underlying the decision to grow multiple crops. The dependent variables are whether the farmer produced yam, cassava or rice. For each case of the chosen crop, the variable takes the value of profitability (i.e., profit per ha) derived from making such choice and 0 otherwise. Therefore, a total of three Tobit equations are postulated which provides a total of seven possible combination of choices (Table 1).



The following broad categories of factors were selected to explain multiple food crop choice decisions vis-à-vis profitability. These are: (a) prices of outputs (i.e., cassava, yam, and rice) and inputs (i.e., inorganic fertilizers, labor, and plowing); (b) socio-economic factors, which include farm operation size, family size, farming experience, education of the farmer, tenurial status, main occupation as farmer, gender of the farmer, and subsistence pressure; (c) institutions and services, which include the distance to extension office, distance to market, extension contact, training received and amount of agricultural credit received; (d) modern technology adoption defined as dummy variable for inorganic fertilizer use; (e) motivation for choice, which include high yield motive and ready market motive; and (f) locational factor with dummy for farmers of Ebonyi state. The choice of these explanatory variables is based on the literature with similar justification [24,25,26,27]. Farmers were asked about the motivation for making their crop choice decision and to rank each of the motives ((e.g., high yield, ready market, etc.) on a five-point Likert scale (i.e., 1 for least important motive and 5 for most important motive). This is because farmers’ decision-making process is also influenced by attitudes, objectives, behaviors and personality traits in addition to socio-economic factors [29,39,40]. Table 2 presents definitions and summary statistics of the variables used in the multivariate Tobit model.



Table 2. Definition, measurement and summary statistics of the variables used in the econometric model.







	
Variables

	
Measurement

	
Mean

	
Standard Deviation






	
Dependent variable

	

	

	




	
Yam profitability

	
Naira per ha

	
274,158.50

	
195,441.00




	
Cassava profitability

	
Naira per ha

	
134,430.70

	
71,253.85




	
Rice profitability

	
Naira per ha

	
287,825.10

	
39,9584.80




	
Prices a

	

	

	




	
Yam price

	
Naira per kg

	
37.22

	
22.18




	
Cassava price

	
Naira per kg

	
7.88

	
7.22




	
Rice price

	
Naira per kg

	
51.47

	
6.07




	
Fertilizer price (yam producers)

	
Naira per kg

	
103.37

	
4.51




	
Fertilizer price (cassava producers)

	
Naira per kg

	
106.29

	
3.96




	
Fertilizer price (rice producers)

	
Naira per kg

	
100.24

	
4.47




	
Labor wage (yam producers)

	
Naira per person day

	
718.30

	
192.17




	
Labor wage (cassava producers)

	
Naira per person day

	
622.93

	
153.57




	
Labor wage (rice producers)

	
Naira per person day

	
763.16

	
313.95




	
Plowing price (yam producers)

	
Naira per ha

	
13,288.52

	
5436.33




	
Plowing price (cassava producers)

	
Naira per ha

	
11,189.72

	
6543.66




	
Plowing price (rice producers)

	
Naira per ha

	
14,409.45

	
5017.59




	
Socio-economics characteristics

	

	

	




	
Farm operation size

	
Ha

	
1.27

	
1.11




	
Family size

	
Persons per household (number)

	
3.88

	
1.91




	
Farming experience

	
Years

	
19.78

	
13.62




	
Education

	
Years of completed schooling

	
7.84

	
4.73




	
Tenancy

	
Share of rented-in land in total farm size (%)

	
0.26

	
0.67




	
Main occupation as farmer

	
Dummy (1 if farmer, 0 otherwise)

	
0.52

	
0.50




	
Gender

	
Dummy (1 if male, 0 otherwise)

	
0.81

	
0.39




	
Subsistence pressure

	
Total rank value for one year (number)

	
23.18

	
4.14




	
Institutions and services

	

	

	




	
Distance to extension office

	
Km

	
3.64

	
3.56




	
Distance to market

	
Km

	
6.71

	
12.43




	
Extension contact

	
Number of contacts over the past one year

	
0.15

	
0.56




	
Training received

	
Total number of days of training received

	
0.10

	
0.34




	
Agricultural credit

	
Naira

	
5885.40

	
29,208.13




	
Modern technology

	

	

	




	
Fertilizer use

	
Dummy (1 if used fertilizers, 0 otherwise)

	
0.47

	
--




	
Revealed motive

	

	

	




	
High yield

	
Weighted rank of high yield as the motive (Number)

	
0.53

	
0.41




	
Ready market

	
Weighted rank of ready market as the motive (Number)

	
0.85

	
0.27




	
Location

	

	

	




	
Ebonyi state

	
Dummy (1 if Ebonyi state, 0 otherwise)

	
0.65

	
--




	
Number of observations

	

	
400

	








Note: a Input prices paid and output prices received by farmers for each crop is recorded independently which is reflected in the variation in prices amongst crops. For farmers who reported zero values of these prices (i.e., for those who did not use these inputs or produced/sold the outputs), the average price of individual outputs and inputs were imputed. Exchange Rate: GBP 1.00 = Naira 200.00 in 2012.










3. Results and Discussion


3.1. Extent of Major Food Crop Diversity at the Farm Level


Cassava and yam are encouraged in Africa for sustainable food production because of their vital importance as a cheap source of nutrition and food security, widespread adaptability to agro-ecological conditions, longer crop cycle ensuring annual cycle of food availability and diverse maturity period [41]. As mentioned earlier, although cassava and yam are the traditional food crops in Nigeria grown for centuries, rice is a relatively new crop that is gaining momentum from the 1990s. In terms of sustainable production practices regarding production of major food crops, it seems that the use of traditional technologies still dominates in Nigerian farming. For example, Rahman and Chima [42] noted that the level of modern technology adoption in food crops (i.e., cassava, yam and rice) is very low in Nigeria as only 35%, 18% and 12% of the sampled farmers actually adopted High Yielding Varieties (HYVs) of cassava, yam and rice, respectively. Similarly, the use of inorganic fertilizer was very low as only 30% of the total farmers applied fertilizers in any one crop [42]. Although supplementary irrigation is expected to be used in rice production at least, none of the farmers seem to have applied irrigation. However, use of liquid fertilizer was observed for very few farmers (about 3.5% of the total farmers) mainly applying in rice crop, which is a relatively new phenomenon. Use of pesticides was also low as 50.3%, 33.3% and 26.2% of the sampled farmers applied pesticides in rice, yam and cassava, respectively. Sanginga [41] also noted limited use of fertilizers, irrigation and herbicides in the production of root crops in Africa.



Table 1 presents the extent of diversity in food crop production amongst the sampled farmers. It is clear form Table 1 that farmers grow multiple crops. A total of seven combinations of food crop production were observed. Only 18% of the farmers produced a single crop of cassava with lowest average farm size of only 0.53 ha, whereas “only rice” or “only yam” produces are a third of that with relatively higher farm sizes. On the other hand, a substantial 41% of the farmers grew a combination of yam and cassava with an average operation size of 0.99 ha followed by 24.8% of farmers growing all three major food crops with highest average operation size of 2.54 ha. The implication is that small farms with their tiny farm size tend to grow at least two crops, whereas large farms can afford to grow all three crops due to command over a larger cultivated area.



However, when profitability was examined, the picture is rather different. Overall, profitability is 338.4 thousand Naira per ha. But profitability is highest for “only rice” production estimated at 740.5 thousand Naira per ha and lowest for “only cassava” production estimated at 157.6 thousand Naira per ha. No wonder why cassava farmers in Nigeria are poor and struggle to raise subsistence only. The second highest level of profitability is for farmers jointly producing rice and yam, estimated at 505.3 thousand Naira per ha, both of which are largely sold in the market (Table 1).




3.2. Factors Affecting Food Crop Diversity and Profitability: A Multivariate Tobit Analysis


The summary statistics of the variables used in the econometric model is presented in Table 2. It is clear from Table 2 that the profitability per ha is highest for rice estimated at Naira 287,825.10 followed by yam at Naira 27,4158.50. On the other hand, profitability of cassava is approximately half of the other two crops, estimated at only Naira 134,430.70. Among the prices, rice price is highest followed by yam and then cassava, which may be largely responsible for higher profits for rice and yam. Among the socio-economic characteristics we see that farming experience is about 20 years and average education is about mid-secondary level with 7.84 years of completed schooling. Among the institutional facilities, the average distance of agricultural extension office is 3.64 km and the average distance to market is 6.71 km. Only 15% of the farmers contact with extension services over the past one year and only 10% of the farmers had any training. The average level of agricultural credit is low, estimated at Naira 5885.40 with very high standard deviation.



Results of the full information maximum likelihood estimation of the multivariate Tobit model are presented in Table 3. This system of three Tobit equations accommodates all seven combinations of crop choices presented in Table 1 and are estimated simultaneously as a system, not one equation at a time as conventionally done. For example, if farmer A produced cassava only but not yam or rice, his/her information appeared in the cassava equation with non-zero profit from cassava production as the dependent variable and zero profit in the other two equations. Similarly, if farmer B produced cassava and yam but not rice, his/her information appeared in the cassava and yam equations with non-zero profits from producing cassava and yam as the dependent variables, respectively and zero profit in the rice equation. Furthermore, if farmer C produced all three crops, his/her information appeared in all three equations with non-zero profits as the dependent variables from producing all three crops, respectively. The simultaneous estimation of these three crop choice models accommodating all seven possible combinations also provide evidence of pairwise jointness in decision making. The key hypothesis of “correlation of the disturbance term between the pair of equations is zero {i.e., ρjk = 0}” is strongly rejected at the 1% level of significance for two pairs, implying that the use of a multivariate Tobit model to determine farmers’ decision underlying choice of food crop production is correctly justified. The Likelihood Ratio test result, presented at the bottom panel of Table 3, also statistically validates that food crop choices of the farmers are strongly correlated. The positive correlation coefficient between the disturbance terms of yam and cassava functions, [image: there is no content](yam, cassava), implies that the unobservable factors that increase the probability of producing yam also increase the probability of producing cassava, which reinforces the findings presented in Table 1 that a substantial 41% of farmers produced both yam and cassava. Similarly, the negative correlation coefficient between the disturbance term of cassava and rice, [image: there is no content](cassava, rice), implies that the unobservable factors which increase the probability of producing rice reduces the probability of producing cassava, which again reinforces the findings in Table 1 that only 2.25% of the total farmers (lowest amongst the sample) actually jointly produced cassava and rice.



Table 3. Joint determination of factors influencing choice of crop diversity and profitability: a multivariate Tobit model.







	
Variables

	
Yam

	

	
Cassava

	

	
Rice

	




	
Coefficient

	
z-Value

	
Coefficient

	
z-Value

	
Coefficient

	
z-Value






	
Intercept

	
−337,208.6000 ***

	
−3.62

	
707.8483

	
0.02

	
−112,304.6000

	
−0.33




	
Prices

	

	

	

	

	

	




	
Relative price of fertilizer

	
−1894.7210

	
−1.32

	
125.7419

	
0.96

	
53,022.8000 ***

	
2.94




	
Relative labor wage

	
47,195.2800 ***

	
14.12

	
−331.2350

	
−0.95

	
6637.7470

	
1.38




	
Relative price of plowing

	
−231.2986 ***

	
−2.57

	
5.5433

	
0.86

	
−2128.8980 ***

	
−5.87




	
Socio-economics characteristics

	

	

	

	

	

	




	
Farm operation size

	
29,245.1400 ***

	
2.50

	
17,804.5400 ***

	
4.29

	
485,746.6000 ***

	
9.18




	
Family size

	
6224.8620

	
1.06

	
2772.0100

	
1.34

	
71,871.8900 ***

	
2.90




	
Farming experience

	
−9.5469

	
−0.01

	
−613.1872*

	
−1.78

	
−3459.9430

	
−0.82




	
Education

	
−1226.3720

	
−0.48

	
450.0797

	
0.51

	
−4070.5140

	
−0.36




	
Tenancy

	
−13,960.8900

	
−0.84

	
2782.1570

	
0.56

	
−133,559.3000

	
−1.39




	
Main occupation as farmer §

	
1860.5190

	
0.09

	
5912.6680

	
0.83

	
−159,203.1000*

	
−1.83




	
Gender §

	
−14633.0100

	
−0.59

	
−4895.5830

	
−0.56

	
107,510.8000

	
1.00




	
Subsistence pressure

	
−8632.3610 ***

	
−3.62

	
−367.3847

	
−0.41

	
−380.2064

	
−0.04




	
Institutions and services

	

	

	

	

	

	




	
Distance to extension office

	
−949.9591

	
−0.30

	
3161.3470 ***

	
2.84

	
13,858.3800

	
1.11




	
Distance to market

	
1535.0190 ***

	
2.44

	
−581.4647 ***

	
−2.67

	
−656.4904

	
−0.28




	
Extension contact

	
−42,417.2700 **

	
−2.24

	
6926.1370

	
1.05

	
−103,180.3000

	
−1.33




	
Training received

	
−25,641.4400

	
−0.81

	
18,432.2600*

	
1.80

	
−164,965.5000

	
−1.16




	
Agricultural credit

	
−1.3921 **

	
−2.15

	
−0.1130

	
−0.98

	
2.8045 **

	
2.38




	
Modern technology

	

	

	

	

	

	




	
Fertilizer use

	
10,182.4300

	
0.46

	
297.2352

	
0.04

	
55,898.1300

	
0.60




	
Revealed motive

	

	

	

	

	

	




	
High yield

	
94,111.9300 **

	
2.23

	
109,928.0000 ***

	
7.05

	
−694,756.4000 ***

	
−3.89




	
Ready market

	
12,668.5700

	
0.41

	
−8651.7660

	
−0.80

	
276,635.5000*

	
1.82




	
Location

	

	

	

	

	

	




	
Ebonyi state §

	
33,849.8700 ***

	
3.37

	
16,790.9600 ***

	
4.74

	
−89,978.7200 **

	
−2.16




	
Model diagnostics

	

	

	

	

	

	




	
Log likelihood

	
−10,602.411

	

	

	

	

	




	
Wald χ2(60 df)

	
741.98 ***

	

	

	

	

	




	
Correlation between the error terms

	

	

	

	

	

	




	
ρ(yam, cassva)

	
0.1257 **

	
2.30

	

	

	

	




	
ρ(yam, rice)

	
0.0335

	
0.48

	

	

	

	




	
ρ(cassava, rice)

	
−0.4134 ***

	
−7.63

	

	

	

	




	
Wald χ2(3 df) (H0: Correlation between pairs of disturbance terms are jointly 0)

	
32.2041 ***

	

	

	

	

	




	
Number of observations

	
400

	

	

	

	

	








Note: *** significant at 1% level (p < 0.01); ** significant at 5% level (p < 0.05); * significant at 10% level (p < 0.10); § dummy variable. Source: Computed from Field Survey, 2012 [11].








In the empirical model, we have used relative prices of key inputs (i.e., fertilizers, labor and plow), which are normalized by respective output prices in each model. The reason for doing this is two-fold. First, it is assumed that the shift in the relative prices of major inputs will induce farmers to diversify their crop portfolio. Second, since the ratio is unit free, we have avoided collinearity that may arise from specifying close substitutes (e.g., cassava and yam) in the models.



Since, parameters of the multivariate Tobit model cannot directly reveal the magnitude of the effect, we compute elasticities and present them in Table 4, which show responsiveness of a 1% change in the relevant variable on the probability of producing each food crop and its corresponding profitability except for the dummy variables where it measures the responsiveness of a discrete change from zero to unity. It is clear from Table 4 that various factors exert differential impacts on the choice of individual food crops vis-à-vis profitability. A rise in the relative wage of labor will significantly increase the probability of producing yam and its profitability. The elasticity value indicates that a 1% rise in the relative price of labor wage will increase the probability of producing yam and its profitability by 2.9%. The main reason may be due to the fact that the farmers of the study area exclusively sold most of their yam crop [11]. Therefore, when labor wage rises, farmers use labor in yam production because the increased labor cost can be offset from the sale of the crop that has a higher selling price and profitability than cassava (Table 2). On the other hand, a rise in the relative price of inorganic fertilizer will induce farmers to produce rice although the level of impact is small. Again, rice is also destined for the market and 68% of the rice producers applied fertilizers but at a rate much lower than the recommended level [11]. Therefore, when fertilizer price increases, farmers tend to apply fertilizers in rice because the increased fertilizer cost can be offset by higher yields and/or higher returns because rice price and profitability is highest (Table 2). However, Rahman [30] noted that a rise in fertilizer price significantly reduces crop diversity on farms in Bangladesh. A rise in the relative price of plowing will significantly reduce the probability of producing yam as well as rice and their profitability. This is because a minimum amount of plowing is necessary to ensure that the soils are sufficiently loosened for optimum crop growth. Therefore, farmers cannot adjust the rising cost of plowing by reducing its use and therefore, the rising effect significantly reduces the probability of producing yam and rice and profits generated therefrom. Rahman [30] also noted that a rise in animal power price, which is used for plowing, significantly reduces crop diversity on farms in Bangladesh. Table 2 clearly shows that plowing cost per ha is highest for rice followed by yam which complements the findings.



Table 4. Elasticity of factors influencing choice of crop diversity and profitability.







	
Variables

	
Yam

	

	
Cassava

	

	
Rice

	




	
Coefficient

	
t-Ratio

	
Coefficient

	
t-Ratio

	
Coefficient

	
t-Ratio






	
Prices

	

	

	

	

	

	




	
Relative price of fertilizer

	
−0.0323

	
−1.31

	
0.0151

	
0.94

	
0.1931 ***

	
2.94




	
Relative labor wage

	
2.8851 ***

	
11.37

	
−0.1181

	
−1.02

	
0.1292

	
1.38




	
Relative price of plowing

	
−0.2628 ***

	
−2.55

	
0.0333

	
0.83

	
−0.7712 ***

	
−5.87




	
Socio-economics characteristics

	

	

	

	

	

	




	
Farm operation size

	
0.1582 ***

	
2.48

	
0.1757 ***

	
4.29

	
1.2379 ***

	
9.18




	
Family size

	
0.1025

	
1.06

	
0.0815

	
1.32

	
0.4328 ***

	
2.90




	
Farming experience

	
−0.0008

	
−0.01

	
−0.0929*

	
−1.76

	
−0.1143

	
−0.82




	
Education

	
−0.0409

	
−0.48

	
0.0274

	
0.51

	
−0.0373

	
−0.36




	
Tenancy

	
−0.0156

	
−0.84

	
0.0057

	
0.55

	
−0.0171

	
−1.39




	
Main occupation as farmer §

	
0.0041

	
0.09

	
0.0237

	
0.83

	
−0.0968*

	
−1.83




	
Gender §

	
−0.0502

	
−0.59

	
−0.0308

	
−0.57

	
0.1174

	
1.00




	
Subsistence pressure

	
−0.8501 ***

	
−3.55

	
−0.0724

	
−0.47

	
−0.0115

	
−0.04




	
Institutions and services

	

	

	

	

	

	




	
Distance to extension office

	
−0.0147

	
−0.30

	
0.0891 ***

	
2.85

	
0.0681

	
1.11




	
Distance to market

	
0.0438 ***

	
2.42

	
−0.0302 ***

	
−2.67

	
−0.0087

	
−0.28




	
Extension contact

	
−0.0270 **

	
−2.22

	
0.0080

	
1.05

	
−0.0253

	
−1.33




	
Training received

	
−0.0106

	
−0.81

	
0.0139*

	
1.78

	
−0.0011

	
−1.16




	
Agricultural credit

	
−0.0348 **

	
−2.12

	
−0.0052

	
−0.99

	
0.0436 ***

	
2.38




	
Modern technology

	

	

	

	

	

	




	
Fertilizer use

	
0.0205

	
0.46

	
0.0016

	
0.06

	
0.0395

	
0.60




	
Revealed motive

	

	

	

	

	

	




	
High yield

	
0.3390 **

	
2.21

	
0.7189 ***

	
6.79

	
−0.0730 ***

	
−3.89




	
Ready market

	
0.0324

	
0.41

	
−0.0393

	
−0.78

	
0.2467*

	
1.82




	
Location

	

	

	

	

	

	




	
Ebonyi state §

	
0.1866 ***

	
3.32

	
0.1680 ***

	
4.69

	
−0.1538 **

	
−2.16




	
Number of observations

	
400

	

	

	

	

	








Note: *** significant at 1% level (p < 0.01); ** significant at 5% level (p < 0.05); * significant at 10% level (p < 0.10); § dummy variable. Source: Computed from Field Survey, 2012 [11].








Among the socio-economic factors, farm size seems to be the most dominant factor that significantly increases the probability of choosing all three crops and profits generated therefrom. However, the marginal impact of farm size is substantially higher in raising profitability of rice. The elasticity value indicates that a 1% increase in farm size will increase profits from rice production by 1.2%, which is substantial. Table 1 clearly showed that rice production fetches highest level of profit per ha. Both Rahman [30] and Benin et al. [27] noted significantly positive influence of farm size on crop diversity on farms in Bangladesh and Ethiopia, respectively. Family size significantly influences rice production. Benin et al. [27] also noted significantly positive influence of male members in the family on cereal crop diversity on farms in Ethiopia. It is interesting to find that those who choose to produce rice do not identify their main occupation as farmers. Table 2 shows that only 52% of the respondents identified farming as their main occupation, while the remaining 48% of the respondents identified non-farm activities (i.e., comprising of businesses, self-employment and salaried profession) as their main occupation. Rice production, which is destined for the market, is chosen by these secondary farmers for commercial purpose. Subsistence pressure, which is an index measure of food self-sufficiency of the household in their own perception, shows that lower subsistence pressure significantly increases the probability of choosing yam and profits generated therefrom, because the crop is for sale [11].



Among the institutions and services, remoteness of extension services increases the probability of choosing cassava and its profitability. As mentioned earlier, cassava is mainly produced for consumption [11]. Therefore, farmers located in remote areas from extension infrastructure produce cassava. Rahman [26] did not find any influence of extension contact on crop diversity in Bangladesh. The proximity to market shows some interesting results. An increase in the distance to market increases the probability of choosing yam and its profitability. This needs to be explained with respect to the place of yam in Nigerian society. Yam is not only a staple but also used for religious and other cultural festivals. Therefore, if the market is located further away, farmers producing yam can still sell their produce at the farmgate fetching higher prices because of the unique place of yam in Nigerian society. On the other hand, probability of producing cassava and profits is higher for farmers located in close proximity to the markets. This is because, although most of the cassava is for consumption, if the farmers chose to sell the product, proximity to the market will facilitate selling. It is encouraging to see positive influence of training on cassava production. This is perhaps due to launching of Cassava Plus, Cassava Bread Development Fund and other specific programs in recent years in Nigeria [43]. Availability of agricultural credit significantly increases the probability of producing rice and its profitability but has an opposite effect on yam, although the level of impact is small for both. In fact, use of agricultural credit is highest for rice (estimated at 1847.4 Naira per ha) and lowest for yam production (1568.9 Naira per ha) respectively [11]. Use of fertilizers does not seem to have any influence on the choice of crops. This may be due to the fact that only 47% of the farmers applied fertilizers in their crops with an estimated use rate of 52.8 kg per ha [11].



Among the revealed motives, high yield motive is significantly positively associated with the choice of producing yam and cassava but not rice. This is expected because physical yield per ha is significantly higher for cassava and yam as both are bulky crops, whereas yield of rice is significantly lower [11]. It is the ready marketability of rice that induces farmers to produce rice and profit generate therefrom. This finding reinforces the fact that rice production is taken as a business by the farmers destined for the market fetching highest profitability.



Finally, location has significant influence on crop choices and profitability. Probability of choosing yam and cassava and profitability is significantly higher for farmers in Ebony state, whereas choice of rice and profitability is significantly higher in Anambra state, a relatively urbanized area. Benin et al. [27] noted that the location of farms in Tigray region (which is an urban area) is associated with significantly higher level of crop diversity. Similarly, Rahman [30] noted that crop diversity is significantly higher in Comilla region, a developed and urban area.





4. Conclusions and Policy Implications


The aim of this study was to jointly identify the determinants of crop diversity (i.e., rice, yam, and cassava) vis-à-vis profits generated therefrom by farmers in Southeastern Nigeria using a multivariate Tobit model. The model diagnostic revealed jointness in the decision-making process, which cannot be discerned from the univariate approach that is commonly used in the literature. This is because the decisions to produce multiple food crops are significantly correlated.



Results reveal that farmers grow multiple crops instead of any single crop as 68% of the surveyed farmers grew at least two food crops. But profitability is highest for rice monoculture followed by yam and rice combination, both of which are mainly destined for the market. Profitability is lowest for cassava monoculture, grown largely by the smallest farms, which largely explains the persistent level of poverty and struggle for raising subsistence by farmers in Nigeria.



A range of price and non-price factors significantly influence the decision to choose crops and profits generated therefrom with variable level of impacts. Among the prices, a rise in the relative price of plowing significantly reduces profitability of yam and rice. Among the socio-economic factors, farm size is the most dominant determinant of crop diversity vis-à-vis profitability. Higher family size and farmers whose main occupation is not farming are more likely to choose rice production. Among the institutions and services, remoteness of extension infrastructure, training, and proximity to markets significantly increase the probability of choosing cassava and its profitability. In contrast, distance to market, lack of extension contact and agricultural credit significantly increase the probability of choosing yam and its profitability. Availability of agricultural credit, however, significantly increases the probability of choosing rice and its profitability. High yield is the main motive for growing yam and cassava whereas ready market is the main motive for producing rice. Location does matter as probability of choosing yam and cassava and profitability generated therefrom is significantly higher in Ebonyi state, whereas it is Anambra state for choice of rice and its profitability.



The following policy implications can be derived from the results of this study. First, targeted investment in institutions and services will significantly increase crop diversity and profits generated therefrom in one way or the other. The main area of investments are market infrastructure and facilities in rural areas, training for farmers, and provision of agricultural credit through formal banking institutions and/or facilitating non-governmental development organizations (NGOs) targeted at the farming population. Next is to invest in land reform in order to increase or consolidate average farm operation size, as this is the most dominant factor in promoting crop diversity vis-à-vis profitability. Nigeria is a vast country with highly unequal land resource base. Therefore, an effective land reform measure could result in consolidation of average farm size of the small holders to an optimum size, which will also promote commercialization of agriculture, as the impact of farm size is highest for rice production which in turn fetches highest profitability. Finally, measures are needed to stabilize relative prices of inputs, particularly plowing price, as it has significant detrimental effect on crop diversity vis-à-vis profitability. This can be achieved by improving rental markets for plowing machines and/or investment in livestock sector, which can then be used for draft animal power as evident in Asian economies.



Although these policy options are challenging, effective implementation of these measures will significantly increase adoption of modern agricultural technologies in major food crops and subsequently raise crop production and support agricultural growth in Nigeria.
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