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Abstract
While the benefits of legumes for soil health are well documented, the literature is scanty on their economic benefits. Applying propensity score matching and endogenous switching regression to a nationally representative sample of 1230 farm households from Morocco, this paper provided empirical evidence that the individual and combined adoption of improved faba bean varieties and faba beans – wheat rotation led to higher yields, net-returns, and household consumption of faba-beans respectively. These results point to the need for enhancing wider adoption of improved legume varieties and legume-cereal rotations through, among others, creating better access to extension and certified seed delivery services. 

Key words: improved varieties; rotation; faba-beans; wheat; adoption; impact.
1. Introduction
Morocco is a lower-middle-income country in North Africa with a population of 33 million people, a per capita GDP of US$3,054 and a GINI index of 40.9 (World Bank, 2012). Two thirds of the rural population are poor earning less than US$1.25/day. Agriculture plays an important role in the Moroccan economy. Its contribution to GDP and total national employment during the 2010-2014 period averaged about 17% and 45% respectively. The sector also provides indirect support for 60% of the population and generates almost 25% of export revenue. Eighty per cent of the 14 million rural inhabitants depend on revenues from the agricultural sector for their livelihoods. Reducing poverty is an important priority of the government of Morocco and is a necessary condition to improve the state of food security, sustainable development and improve livelihoods.

In late 1970s, a collaborative program between Institut National de la Recherche Agronomique (INRA) called Station Centrale des Légumineuses Alimentaires and the Food Legume Improvement Program of the International Centre for Agricultural Research in the Dry Areas (ICARD) was established. From 1989 to 1991, ICARDA decentralized the faba bean program to Morocco with the purpose to serve the North African faba bean breeding programs. Two faba bean projects Réseau Maghrébin de Recherche sur Fève (REMAFEVE)  and Amélioration de la Culture de Légumineuses Alimentaires (ACLA) were implemented from 1992-2002, to develop improved varieties of faba bean and other legume species (Fatemi et al., 2006). 

Since 1982, several INRA varieties of faba bean were registered in the national catalogue including other crops .Among these are three small-seeded faba bean (Alfia5, Alfia17 and Alfia21) and three large-seeded faba bean (Defes Karabiga and Loubab) varieties released (Fatemi et al., 2006).

Faba bean is an important grain legume crop in Morocco. It is grown in all the agricultural areas of the country. Faba bean plays three major roles in the agriculture of Morocco, Nutritional role, Biological role and Economic role.Among legumes, faba bean is of great importance in legume–cereal rotations in cropping systems, where it is used as a break crop for cereals (Amanuel et al. 2000; Lopez-Bellido et al. 2006) and has the potential to enhance N and P nutrition of cereals when grown in rotation (Habtemichial et al. 2007; Nuruzzaman et al.2005). Faba bean can improve the economic value of a subsequent cereal crop by enhancing the yield and increasing the protein content of the grain. it can provide a range of other potential rotational benefits that are not directly related to N such as enhanced P availability (Jemo et al. 2006; Nuruzzaman et al. 2005; Pypers et al. 2007), favourable microbial community in the rhizosphere (Marschner et al. 2004; Yusuf et al. 2009b) and breaking soilborne disease cycles (Jensen et al. 2010). 

During the growth of faba bean, a high amount of N2 is fixed often resulting in a positive N balance when crop residues are incorporated in the soil after grain harvest. Net N gains due to residue incorporation of about 84 kg N ha-1 have been reported (Amanuel et al. 2000). Several studies reported savings of up to 100–200 kg N ha-1 in the amount of N-fertilizers applied to cereals following faba beans. Kirkegaard et al. (2008) and Habtemichial et al. (2007) have also found wheat yield increases of 20–36 % in the faba bean–wheat rotation compared to a barley–wheat rotation. 
Faba bean is one of the most important legumes for its high protein content and nutritional value (Crepona et al., 2010). The crop is widely cultivated for use in both human food and animals feed. Faba bean seeds contain relatively high proteins, carbohydrates, vitamins B, antioxidants and minerals. Protein content in different varieties varies from 26% to 41% (Picard, 1977). Carbohydrate contents varies from 51% to 68%, of which major proportion is contributed by starch (41–53%) (Cerning et al., 1975). Common bean exhibits significant antioxidant activities such as flavonoids, polyphenols and phenolics. The antioxidant properties of phenolic compounds may provide excellent dietary source for natural antioxidant for chronic disease prevention and health promotion (Oomah et al., 2006).

The objective of this study is to document the impact of improved faba bean on the food and nutrition security and income impacts on the livelihoods of small-scale farmers. The analysis focuses on estimates of sample average as well as the distribution of selected food security and income indicators. It also uses econometric analysis to determine the factors affect the adoption of the improved varieties and its impact on the yield, income and consumption. The next section describes the methods, data, and estimation techniques followed by a presentation and discussion of results, and the conclusion.

2. Methodology
Given its potency in terms of correcting selectivity bias, the Heckman model (Heckman, 1979) is used here to study the determinants of adoption of the new faba bean varieties in the Morocco. When using the Heckman (Heckit) model, a decision needs to be made whether to estimate the whole system using the maximum likelihood estimator (MLE) or use an alternative two - step parametric sample selection model for estimation. The inclusion of the dependent (latent) variable as an explanatory variable in the outcome equation in the MLE estimation procedure often introduces the problem of multicollinearity. 

In this study, the two-step Heckman procedure is used where in the first step, the selection equation is estimated as probit function. The dependent variable is the probability of adoption of the improved faba bean variety which is regressed on a number of exogenous variables such as farm and farm household characteristics. The selection equation takes the form:

………………………………………………………. (1)

	
Where:
Zi = the observed behaviour of a household with respect to technology adoption; it takes the value of 1 if adoption is observed and 0 otherwise. In this step, the probability of (propensity to) adopt is estimated.
Wi = vector of covariates for observation i
α= vector of coefficients to be estimated
εi = random disturbances

In the second step, the outcome equation is estimated where area cultivated with the improved faba bean variety is regressed on some of the explanatory variables included in the selection equation and the Inverse Mills ratio from the first step estimation. The outcome equation takes the form: 

………………………………. (2)
Where:
Yi= The dependent variable of the outcome equation (total area under the improved faba bean varieties);
Xi = Vector of covariates (some of the covariates from the first step estimation and others which are believed to affect the outcome variables directly) and the Inverse Mills ratio derived from the first-stage equation which corrects for selectivity bias and endogeneity (Greene, 1998). 

4.1 Propensity Score Matching (PSM) 
It has been common in previous studies to have assessed the impact of technology adoption either by examining the differences in mean outcomes of adopters and non-adopters or by using simple regression procedures which control for adoption status (Nguezet, et al., 2011). Critics have pointed out that such simple procedures are flawed because they fail to appropriately deal with problems associated with selection biases in observational data collected through household surveys (Rubin, 1974; Rosenbaum and Rubin, 1983; Rosenbaum, 2002; Lee, 2005). Such approaches often lead to the establishment of causality between adoption and other variables that are subjected to confounding errors.
Propensity score matching is one of the multivariate methods used in comparative studies to construct treated and matched control samples that have similar distributions on many covariates. The purpose of propensity score matching is to reduce bias due to observed covariates in comparative observational studies (Rubin and Thomas 2000). PSM is one of the non-parametric estimation techniques that do not depend on functional form and distributional assumptions. The method is intuitively attractive as it can be used to compare the observed outcomes of technology adopters with the outcomes of counterfactual non-adopters (Heckman et al., 1998). The details of the PSM method are well documented in several studies (e.g., Rosenbaum and Rubin 1983; Heckman et al., 1998; Daheja and Wahba, 2002; Caliendo and Kopeinig, 2008). 
In this paper, we use PSM to find a group of treated individuals (adopters) similar to the control group (non-adopters) in all relevant pre-treatment characteristics, where the only difference is that one group adopted the improved faba bean and the other did not. The semi-parametric matching method which does not require an exclusion restriction or a particular specification of the selection equation is used to construct the counterfactual and reduce the effects of selection bias on impact estimates.
The propensity score is most often estimated using a logistic regression model, in which treatment status (which in our case is the dummy variable for adoption of faba bean taking a value of 1 when the farmer is an adopter and 0 when the farmer is a non-adopter) is regressed on observed characteristics of the farmer. The estimated propensity score is therefore the predicted probability of a farmer adopting improved faba bean given his characteristics (which are captured by the explanatory variables included in the logistic regression). The propensity score for each observation is then obtained by substituting the corresponding values of each covariate for each observation into the estimated logistic regression where the estimated coefficients are used in the computation (Rosenbaum and Rubin 1985). In this study, the logistic model is estimated to identify the factors influencing adoption of improved faba bean as follows:
                                                                             (1)
where                                                                                          (2)
Adoption is a dichotomous dependent variable taking a value of 1 if the improved faba bean takes place and 0 otherwise; Xi is the vector of observed farmer, farm and non-farm characteristics that are believed to determine adoption and hence are included in the model (see Table 2); βi are parameters to be estimated;  is error term of the model; and  is the base of natural logarithms. 
The main purpose of the propensity score estimation is to balance the observed distribution of covariates across the groups of adopters and non-adopters (Lee, 2013). Since we do not condition on all covariates but on the propensity score, balancing test is normally required after matching to ascertain whether the differences in the covariates in the two groups in the matched sample have been eliminated, in which case, the matched comparison group can be considered a plausible counterfactual (Ali and Abdulai, 2010). Several versions of balancing tests exist in the literature: test for mean differences within strata (Dehejia and Wahba, 2002), test for standardized differences (Rosenbaum and Rubin 1985), test for the joint equality of covariate means between treatment and comparison groups using the Hotelling or F-tests (Smith and Todd 2005), comparison of the pseudo R2 and p-values of the likelihood ratio test of the joint insignificance of all the covariates (Sianesi, 2004)  and the mean absolute standardized bias (MASB) between adopters and non-adopters (Rosenbaum and Rubin, 1985). We use the mean absolute standardized bias (MASB) between adopters and non-adopters because it has key advantage where as opposed to model-based methods, outcome data is not involved in the matching for which repeated attempts to balance covariates do not bias estimates of the treatment effect on outcome variables. The intuition behind this check for balance within strata is the close analogy between randomized block experiments and propensity score methods.  
The main problem with using the MASB approach is that there is no clear criterion for testing the success of PSM. However, in empirical studies, it is often assumed that MASB below 3% or 5% after matching is acceptable (Caliendo and Kopeinig, 2008). Rosenbaum and Rubin (1985) argue that, after matching, total bias in excess of 20% should be considered as large. 
Following Sianesi (2004), we also make comparison of the pseudo R2 and p-values of the likelihood ratio test of the joint significance of all the regressors obtained from the logistic regression before and after matching the samples. After matching, there should be no systematic differences in the distribution of covariates between the two groups. As a result, the pseudo-R2 should be lower and the joint significance of covariates should be rejected (or the p-values of the likelihood ratio should be insignificant). 
4.2 Endogenous switching regression (ESR) models
To complement the impact estimates from the PSM technique and to assess consistency of the results to different assumptions, the endogenous switching regression (ESR) technique (Maddala and Nelson, 1975) was applied to the same data. Both PSM and ESR are used to measure the impacts of improved faba bean on farm households’ welfare particularly on farm income and per capita wheat consumption. 
The endogenous switching regression model can be used to estimate and make pairwise comparisons of:  (a) the expected net income of a typical adopter farm household (b) the expected net income of the typical non-adopter household; and to investigate the expected net income in the counterfactual hypothetical cases of (c) if the typical adopter did not actually adopt and (d) if the typical non-adopter were to adopt. Following Di Falco (2011) and Shiferaw et al. (2014), the conditional expectations for net income in the four cases are presented in Table 1 and defined as follows:
 




Cases (a) and (b) along the diagonal of Table 1 represent the expectations for the typical farmers in each of the adopter and non-adopter categories respectively based on actual observations in the sample. Cases (c) and (d) represent the counterfactual expected net incomes. Suppose that:
TT = treatment effect which measures the effect of the treatment (i.e., adoption) on the treated (i.e., farm households that actually adopted) which, when averaged across all adopter households gives the average treatment effect on the treated (ATT).
TU = treatment effect on the untreated which measures the effect of the treatment (i.e., adoption) on the untreated (i.e., farm households that actually did not adopt), which when averaged across all non-adopter households gives the average treatment effect on the untreated (ATU).
BHi = the average effect of base heterogeneity for farm households that adopted (i =1), and that did not adopt (i =2)
TH= Transitional heterogeneity = BH1-BH2
Then, we can estimate each of these effects as follows:
ATT =E (y1i |Ai =1) – E (y2i|Ai =1)
=X1i*(β1 − β2) + (σ1η − σ2η)*λ1i
ATU =E (y1i|Ai =0) – E (y2i|Ai =0)
=X2i*(β1 − β2) + (σ1η − σ2η)*λ2i.
BH1 =E (y1i|Ai =1) – E (y1i|Ai =0)
= (X1i − X2i)*β1i + σ1η*(λ1i − λ2i).
BH2 =E (y2i|Ai =1) – E (y2i|Ai =0)
= (X1i − X2i)*β2i + σ2η*(λ1i − λ2i).
Where If farm households actually adopted improved faba bean; if farm households did not actually adopt;
 : Net income if farm households were to adopt;
: Net income if farm households were to not adopt;




Table (1) Average Expected Net income (SP/ha); Treatment and Heterogeneity Effects
	
	Decision Stage
	

	Subsamples Effects
	To Adopt
	Not to Adopt
	Treatment

	Farm households that adopted
	(a)
	(c)
	TT

	Farm households that did not adopt
	(d)
	(b)
	TU

	Heterogeneity effects
	BH1
	BH2
	TH



Note: (a) and (b) represent the expected net income (SP/ha) of the typical adopter and the typical non-adopter respectively; (c) and (d) represent the counterfactual expected net incomes (SP/ha) of the typical adopter if they didn’t adopt and the typical non-adopter if instead they were to adopt respectively.
The Stata software (Stata, 2009) was used for all econometric estimation in this study.

3. Results and Discussions
3.1 Factors affecting the decision and intensity of adoption 
The coefficients of the inverse mills ratios in the area under the new faba bean varieties equation has been found to be significant at 1%. The VIF and condition indices were also low showing that multicollinearity is not a problem. As a result, it is concluded that the Heckman selection model is appropriate for this equation.

Model results show that size of area dedicated to faba bean has a significantly role in affecting farmers’ decision to whether adopt improved varieties of faba bean or not.  
Number of years of education and being active or leader in the community have positive and significant effect on the decision whether or not to adoption.  These results are valid as educated farmers are likely to better understand the benefits and also have the knowledge and skills to better manage new technology packages such as faba bean and other associated management practices including fertilization. 

Farmers who are located in the favorable and intermediate zones of Morocco have higher propensity to adopt improved faba bean varieties than those in the unfavorable south or mountainous zones. Naturally, investment on new technologies are likely to lead to higher returns in favorable areas than unfavorable areas and hence these results don’t come by surprise. 

Farmers who purchase certified seed are found to have higher tendency to adopt improved varieties than those who use uncertified seeds. This shows that certified seeds constitute more of improved varieties which are not too old than seeds which are uncertified. 
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Table 1: Coefficient estimates of the Heckman selection model.
	Variables
	Outcome Equations
	Selection equation
	Marginal effects

	
	Area under the new varieties
	Adoption dummy
	

	
	Coef.
	Std.Er.
	Coef.
	Std.Er.
	

	Age (Years)
	-0.113
	0.060*
	0.005
	0.015
	0.000

	Number of years of education
	0.140
	0.037***
	0.626
	0.299**
	0.036

	Number of family members working on own farm (Person days/ha)
	-0.010
	0.033
	-0.026
	0.110
	-0.002

	Get a credit from a bank {1=yes, 0=No}
	0.018
	0.029
	0.493
	0.419
	0.028

	Off-farm employment {1=yes, 0=No}
	-0.001
	0.040
	0.394
	0.459
	0.023

	Faba bean area (Ha)  
	0.579
	0.039***
	1.448
	0.238***
	0.083

	Total cropped area (Ha)
	-0.088
	0.049
	0.040
	0.061
	0.002

	Walking distance from seed sources (km)
	0.012
	0.018
	-0.011
	0.013
	-0.000

	Was the seed you used certified? {1=yes, 0=No}
	0.288
	0.051***
	1.989
	0.505***
	0.076

	Price of seed
	-0.004
	0.050
	-0.001
	0.017
	-0.000

	Farm in favorable zone{1=yes, 0=No}
	0.076
	0.034**
	0.995
	0.528**
	0.057

	Farm in intermediate zone {1=yes, 0=No}
	0.112
	0.038***
	1.257
	0.510***
	0.072

	Are you active or leader in the community
	
	
	1.672
	0.442***
	0.096

	Inverse mills ratio (λ)
	0.362
	0.058***
	
	
	

	Constant
	0.255
	0.292
	-8.163
	1.838***
	

	Rho
	-0.327
	
	
	 
	

	Sigma
	0.107
	
	
	
	



Description of dependent variables: 
Area under the new varieties = Area under the new Faba bean varieties (ha), and Adoption dummy= dummy variable for the adoption of the improved Faba bean variety (1=Yes and 0=No) 
*, ** and *** respectively represent significance at 0.1, 0.05 and 0.01 levels.

In the adoption intensity equation, almost all variables which affected the decision to adopt also affected the intensity of adoption in the same direction.  The positive and significant coefficients on the faba bean area variable in the outcome indicate that farmers cultivating large faba bean farms were more likely to adopt improved one and adopt it on larger area.

3.3 Impacts of the new faba bean technologies on the yield and food security 
The results show that adoption of improved varieties provide on the average 174.6 kg/ha (15%) yield gain for adopters. If non adopters were to adopt the improved varieties, they would have obtained 178.6kg/h higher yields. Showing that the benefit to both adopters and non-adopters is almost the same .Table (2) 

Table 2: Treatment Effects on Yield (kg/ha) from Propensity Score Matching 
	Group
	Treatment group
	Control group
	Difference
	S.E.
	T-stat

	Unmatched
	1407.2
	1155.3
	251.8
	14.2
	17.8a

	ATT
	1355.8
	1181.1
	174.6
	27.4
	6.4a

	ATU
	1161.7
	1340.3
	178.6
	
	

	ATE
	
	
	176.8
	
	


a and b show significance at 0.01 and 0.05 levels
As the main objective of this section is one of measuring the impacts of adoption of improved varieties, we will provide only a brief discussion of the regression estimates.  Quantities of inputs (nitrogen and DAP fertilizers) are found to have positive and significant effects on yield for adopters This finding is in line with others as many studies showed that phosphorus application increases grain yields and its components (El Kalla et al., 1999; Bolland et al., 2000). Although the faba bean can fi x N, it is often suggested to apply small amounts of fertilizer N at planting. The application of 20 kg N/ha at planting time has been shown to be beneficial for faba bean to enhance biological fixation (R’kiek, 1994). While DAP fertilizers has positive and significant effects on yield for non-adopters , nitrogen fertilizer has negative and significant effects on yield for non-adopters as they shows that non-adopters are using more nitrogen fertilizer than the recommended amount.

Age (Years), number of years of education, faba bean area (Ha) also give higher yields. The use of certified seeds also leads to higher yields than uncertified seeds showing clear advantage to certified seeds (Table 3). 

Estimates of treatment effects from ESR are provided in Table 4 below. The results show that adopters of improved varieties on the average obtain about 194.2 kg/ha (16.2%) more yield than the counterfactual (i.e., what they would have obtained if they had not adopted).  Taking an average grain price of 7.31 MAD/kg and ignoring the cost implications of adoption of improved faba bean  varieties, this yield gain would translate into a gain in gross revenue of 1,420 MAD/ha (US$165/ha)[footnoteRef:1]. At the current average adoption level of 1.2 ha/family, each farm household obtains about 233 kg per year more yield and 1,703 MAD (US$197.6) per year. [1:  The exchange rate in 2012 was: 1US$= 8.62 Moroccan Dirhams (DH)] 

Table 3:  Full information maximum likelihood estimates of the endogenous switching regression model for yields (kg/ha)
	Independent Variables
	Yield  Equation
 for Adopter
	Yield Equation for Non-Adopter
	Adoption of improved faba bean (No=0,Yes=1)

	
	Coef.
	Std.Er
	Coef.
	Std.Er
	Coef.
	Std.Er

	Age (Years)
	0.048
	0.028*
	0.011
	0.010
	2.059
	1.145*

	Number of years of education
	0.054
	0.020***
	0.006
	0.006
	1.902
	0.897**

	Number of family members working on own farm (Person days/ha)
	0.013
	0.013
	0.007
	0.005
	-0.661
	0.330**

	Get a credit from a bank {1=yes, 0=No}
	-0.008
	0.012
	0.001
	0.005
	1.565
	0.349***

	Off-farm employment {1=yes, 0=No}
	-0.031
	0.017*
	0.008
	0.007
	0.323
	1.260

	Faba bean area (Ha)  
	0.084
	0.022***
	0.001
	0.008
	3.518
	1.225***

	Total cropped area (Ha)
	-0.041
	0.016***
	-0.014
	0.009
	-0.714
	0.866

	Walking distance from seed sources (km)
	0.012
	0.007*
	0.006
	0.003**
	-0.304
	0.304

	Was the seed you used certified? {1=yes, 0=No}
	0.009
	0.001***
	0.009
	0.011
	3.193
	1.028***

	Price of seed
	0.574
	0.141***
	-0.015
	0.008**
	0.842
	0.465*

	Farm in favorable zone{1=yes, 0=No}
	-0.041
	0.024*
	0.008
	0.005
	0.387
	0.456

	Farm in intermediate zone {1=yes, 0=No}
	-0.013
	0.021
	0.012
	0.006**
	0.878
	0.592

	Are you active or leader in the community
	
	
	
	
	1.915
	1.265

	Quantity of nitrogen fertilizer used (kg/ha)
	0.006
	0.003*
	-0.006
	0.002***
	0.673
	0.147***

	Quantity of DAP fertilizer used (kg/ha)
	0.031
	0.017*
	0.134
	0.005***
	1.611
	1.211

	Amount of seed used(kg/ha)
	-0.021
	0.047
	0.027
	0.014*
	3.962
	1.508***

	Constant
	5.769
	0.398***
	6.305
	0.081***
	-40.740
	15.298***

	Log likelihood
	603.5
	
	
	
	
	

	Rho
	-4.679
	1.401***
	-3.728
	1.163***
	
	

	sigma
	-3.256
	0.041***
	-3.256
	0.041***
	
	


 
Table 4: Average Expected Treatment and Heterogeneity Effects on Yield (kg/ha) from Endogenous Switching Regression
	
	Decision Stage
	

	Subsamples Effects
	To Adopt
	Not to Adopt
	Treatment

	Farm households that adopted
	(a) 1394.1
	(c) 1199.9
	194.2***

	Farm households that did not adopt
	(d) 1274.1
	(b) 1152.9
	121.2***

	Heterogeneity effects
	120
	47
	73



Given that ESR is potent in correcting for biases both from observable and unobservable factors,   the 1.2 % higher yield effects from ESR relative to PSM shows that unobservable factors such as skills of the farmers who have adopted the technology are important in explaining the differences in yield effects.  In this particular case, the unobservable factors are leading to underestimation of the yield impacts which ESR was able to correct while PSM couldn’t.
3.2 Impacts on faba bean income  
Estimates of the treatment effects on net margins from PSM are provided in Table 5 below. The results show that adoption of improved faba bean varieties provide on the average 707.6 MAD/ha (9%) higher net faba bean income for adopters. If non adopters were to adopt the improved varieties, they would have earned 719.7 MAD/ha more net income showing that the benefit to both adopters and non-adopters is almost the same. Given the average area under improved varieties per family of 1.2 ha, a typical adopter family currently earns 863.6 MAD of additional net faba bean income each year. 
Table 5: Treatment Effects on Net Margins (SYP/ha) from Propensity Score Matching 
	Group
	Treatment group
	Control group
	Difference
	S.E.
	T-stat

	Unmatched
	8998.5
	7773.2
	1225.4
	107.2
	11.43a

	ATT
	8657.8
	7950.2
	707.6
	213.5
	3.31 a

	ATU
	7793.6
	8513.3
	719.7
	
	

	ATE
	
	
	714.3
	
	


a and b show significance at 0.01 and 0.05 levels
The Estimates of the Endogenous Switching Regression (ESR) are provided in Table 6 below. 
Like the yield equation the DAP fertilizers has positive and significant effects on net margins for non-adopters , nitrogen fertilizer has negative and significant effects on net margins for non-adopters .
Table 7 presents the estimates of treatment effects from ESR. The results show that adoption of improved faba bean varieties provide on the average 932.8 MAD/ha (12%) higher net faba bean income for adopters. If non adopters were to adopt the improved varieties, they would have earned 559 MAD/ha more net income showing that the benefit to those who already adopted is higher, which may explain why they adopted while the others have not. 
Table 6:  Full information maximum likelihood estimates of the endogenous switching regression model for net income
	Independent Variables
	net income Equation
 for Adopter
	net income Equation for Non-Adopter
	Adoption of improved faba bean (No=0,Yes=1)

	
	Coef.
	Std.Er
	Coef.
	Std.Er
	Coef.
	Std.Er

	Age (Years)
	0.030
	0.024
	0.005
	0.011
	1.096
	0.438***

	Number of years of education
	0.033
	0.021
	0.005
	0.007
	1.202
	0.268***

	Number of family members working on own farm (Person days/ha)
	0.032
	0.014**
	0.007
	0.006
	-0.676
	0.302***

	Get a credit from a bank {1=yes, 0=No}
	-0.024
	0.014*
	0.001
	0.006
	1.394
	0.248***

	Off-farm employment {1=yes, 0=No}
	-0.039
	0.019**
	0.011
	0.008
	0.417
	0.343

	Faba bean area (Ha)  
	0.100
	0.019**
	-0.004
	0.009
	2.885
	0.403***

	Total cropped area (Ha)
	-0.027
	0.019
	-0.016
	0.011
	-0.204
	0.401

	Walking distance from seed sources (km)
	0.024
	0.007***
	0.008
	0.004**
	-0.304
	0.117***

	Was the seed you used certified? {1=yes, 0=No}
	0.022
	0.013*
	-0.007
	0.013
	2.603
	0.474***

	Price of seed
	0.826
	0.117***
	-0.014
	0.009
	0.782
	1.598

	Farm in favorable zone{1=yes, 0=No}
	-0.032
	0.022
	0.006
	0.006
	-0.061
	0.363

	Farm in intermediate zone {1=yes, 0=No}
	-0.009
	0.017
	0.012
	0.007*
	0.493
	0.226**

	Are you active or leader in the community
	
	
	
	
	1.676
	0.358

	Quantity of nitrogen fertilizer used (kg/ha)
	0.005
	0.004
	-0.007
	0.003***
	0.696
	0.086***

	Quantity of DAP fertilizer used (kg/ha)
	0.018
	0.014
	0.150
	0.006***
	1.916
	0.227***

	Amount of seed used(kg/ha)
	-0.087
	0.057
	0.035
	0.017**
	4.110
	1.122***

	Constant
	7.469
	0.381***
	8.125
	0.095***
	-38.282
	7.422***

	Log likelihood
	569.4
	
	
	
	
	

	Rho
	-5.409
	1.634***
	-4.499
	1.342***
	
	

	sigma
	-2.998
	0.086***
	-3.070
	0.040***
	
	


 
Table 7: Average Expected Treatment and Heterogeneity Effects on Net Income (SYP/ha) from Endogenous Switching Regression
	
	Decision Stage
	

	Subsamples Effects
	To Adopt
	Not to Adopt
	Treatment

	Farm households that adopted
	(a) 8955.3
	(c) 8022.5  
	932.8***

	Farm households that did not adopt
	(d) 8266.8
	(b) 7707.9
	558.9***

	Heterogeneity effects
	688.5
	314.6
	374



Given that ESR is potent in correcting for biases both from observable and unobservable factors,   the 3% higher effects on net income from ESR relative to PSM shows that unobservable factors such as skills of the farmers who have adopted the technology are important in explaining the differences in net income effects 

Impacts on Consumption 
The results show that adoption of improved varieties provide 17.3 kg/capita/year (30%) gain in faba bean consumption for adopters. If non adopters were to adopt the improved varieties, they would have consumed 13 kg/capita/year (19%) more faba bean showing that the benefit to those who already adopted is higher, which may provide part of the explanation for why a large number of farmers did not adopt the improved faba bean varieties. 


Table 8: Treatment Effects on faba bean Consumption (kg/capita/year) from Propensity Score Matching 
	Group
	Treatment group
	Control group
	Difference
	S.E.
	T-stat

	Unmatched
	77.6
	56.7
	20.9
	2.3
	8.9a

	ATT
	75.1
	57.8
	17.3
	4.9
	3.5a

	ATU
	56.1
	69.01
	13
	
	

	ATE
	
	
	14.9
	
	


a show significance at 0.01 level
The Estimates of the Endogenous Switching Regression (ESR) are provided in Table 9 below. Total faba bean area and Price of seed, farm in favorable zone, farm in intermediate zone, quantity of nitrogen fertilizer used (kg/ha) seem to have positive and significant effects on faba bean consumption among adopters only while get a credit from a bank, off-farm employment and Quantity of DAP fertilizer used (kg/ha) have positive and significant effects on faba bean consumption among non-adopters
Estimates of treatment effects from ESR are provided in Table 10 below. The results show that adopters of improved varieties on the average consume about 21.3 kg/capita/year (39%) more faba bean than the counterfactual (i.e., what they would have consumed if they had not adopted).   If non adopters were to adopt the improved varieties, they would have consumed 15.6 kg/capita/year (35%) more faba bean showing that the benefit to those who already adopted is much higher – a possible explanation for why a large number of farmers did not adopt the improved faba bean varieties yet.
Table 9:  Full information maximum likelihood estimates of the endogenous switching regression model for faba bean Consumption (kg/capita/year)
	Independent Variables
	Yield  Equation
 for Adopter
	Yield Equation for Non-Adopter
	Adoption of improved faba bean (No=0,Yes=1)

	
	Coef.
	Std.Er
	Coef.
	Std.Er
	Coef.
	Std.Er

	Age (Years)
	0.091
	0.139
	0.004
	0.050
	1.565
	0.7124**

	Number of years of education
	-0.081
	0.093
	-0.040
	0.032
	1.251
	0.488***

	Number of family members working on own farm (Person days/ha)
	0.036
	0.067
	0.004
	0.027
	-0.768
	0.471*

	Get a credit from a bank {1=yes, 0=No}
	0.035
	0.062
	0.040
	0.024*
	0.159
	0.3818616

	Off-farm employment {1=yes, 0=No}
	0.111
	0.087
	0.077
	0.034**
	0.610
	0.5472955

	Faba bean area (Ha)  
	0.393
	0.120***
	-0.050
	0.039
	4.144
	1.280***

	Total cropped area (Ha)
	-0.178
	0.082**
	-0.040
	0.046
	0.444
	0.939

	Walking distance from seed sources (km)
	-0.047
	0.037
	0.017
	0.015
	-0.248
	0.216

	Was the seed you used certified? {1=yes, 0=No}
	0.105
	0.065
	-0.045
	0.059
	2.073
	0.707***

	Price of seed
	2.078
	0.890**
	0.034
	0.039
	0.583
	0.620

	Farm in favorable zone{1=yes, 0=No}
	0.530
	0.2152***
	0.007
	0.027
	1.209
	0.519**

	Farm in intermediate zone {1=yes, 0=No}
	0.569
	0.203***
	-0.007
	0.030
	1.337
	0.462***

	Are you active or leader in the community
	
	
	
	
	2.139
	0.931**

	Quantity of nitrogen fertilizer used (kg/ha)
	0.055
	0.020***
	0.000
	0.012
	0.254
	0.106***

	Quantity of DAP fertilizer used (kg/ha)
	-0.114
	0.145
	0.203
	0.025***
	1.148
	0.606**

	Amount of seed used(kg/ha)
	0.110
	0.237
	0.013
	0.072
	2.088
	1.289*

	Constant
	-0.872
	2.240
	2.998
	0.408***
	-29.880
	8.814***

	Log likelihood
	63.620
	
	
	
	
	

	Rho
	5.763
	2.036***
	-1.356
	0.210***
	
	

	sigma
	-1.547
	0.096***
	-1.638
	0.041***
	
	



Table 10: Average Expected Treatment and Heterogeneity Effects on faba bean Consumption (kg/capita/year) from Endogenous Switching Regression
	
	Decision Stage
	

	Subsamples Effects
	To Adopt
	Not to Adopt
	Treatment

	Farm households that adopted
	(a) 75.9
	(c) 54.6  
	21.3***

	Farm households that did not adopt
	(d) 60.3
	(b) 44.7
	15.6***

	Heterogeneity effects
	15.6
	2.39.9
	5.7



Given that ESR is potent in correcting for biases both from observable and unobservable factors,   the 9% higher consumption effects from ESR relative to PSM shows that unobservable factors are important in explaining the differences in consumption effects. In the case of consumption, the unobservable factors are leading to underestimation of the yield impacts which PSM failed to correct for while ESR did.

3.4 Potential national impacts
Assuming that on the average, the adoption levels and yield impacts in the other faba bean growing areas that are not covered by the survey are also the same, Morocco has been producing a total of 19116 tons more faba bean due to the adoption of improved varieties. 
Likewise, the total net income gain due to a 23% adoption of improved varieties..  Morocco is earning a net faba bean income gain of about 2.63 billion MD or US$0.27 billion per year. 
If adoption of improved varieties were to increase to higher levels, Morocco would benefit all the more (Table 11). 


Table 11: Potential impacts of improved faba bean varieties with different levels of assumed Adoption levels
	Assumed adoption level
	Realized/Potential gain

	
	Production (tons)
	Net Income (billion MAD)
	Net Income (billion US$)

	Current level (23%)
	19,116
	2.63
	0.27

	50%
	41,557
	5.68
	0.58

	60%
	49,868
	6.82
	0.69

	70%
	58,180
	7.96
	0.81

	80%
	66,491
	9.09
	0.92

	90%
	74,802
	10.23
	1.04

	100%
	83,114
	11.37
	1.15



3.5. Impact of wheat –faba bean rotation on the wheat yield, net income and total income.
Our results showed that 26% higher yields were obtained by wheat farmers rotating with faba-beans than cereal-cereal and other rotations. Wheat-faba bean rotations also increased wheat net return by 38% (Table 12). The results also show that the combined effect of the adoption of improved varieties of faba beans and rotations is an increase in total farm income of 33%.

Table (12) Impact of wheat –faba bean rotation on the wheat yield, net income and total income
	Improved/old
	Rotation
	Yield (kg/ha)
	Net income

	old
	no 
	739.2
	1844.4

	improved
	no 
	1103.8
	3011.6

	old
	yes 
	849.1
	2391.5

	improved
	yes 
	1221.5
	3454.8

	All varieties
	no 
	826.5
	2123.9

	All varieties
	yes 
	1040.3
	2937.7


4. Conclusion
This study found that only 3 out of 13 faba bean varieties in farmers’ hands were improved varieties covering only 23% of total faba beans area. Farmers reported that only 17% of total faba bean seeds used was certified originating from seed companies while the remaining 83% was uncertified - 63% kept from previous harvest and 20% bought from local seed retailers.

Among many other factors, Farmers who purchased certified seed are found to have higher tendency to adopt more recent improved varieties than those who used uncertified seeds. This shows that certified seeds constitute more of improved varieties which are not too old than seeds which are uncertified. Number of years of education, being active or leader in the community and access to credit have positive and significant effect on the decision whether or not to adoption

The adoption of improved faba bean varieties leads to 194.2 kg/ha (16.2%) increase in yields, US$.1108.2/ha (12%) higher net returns and 21.3 kg/capita/year (39%) increase in faba bean consumption and hence equivalent gains in protein, carbohydrate and starch intakes for every household member of the adopter households.  All these results show that the improved varieties of faba-beans are contributing to livelihoods improvements and nutrition security at household level. Moreover, 26% higher yields were obtained by wheat farmers rotating with faba-beans than cereal-cereal and other rotations. 

Wheat-faba bean rotations also increased wheat net returns by 38%. At the same time the results show that the combined effect of the adoption of improved varieties of faba beans and rotations is an increase in total farm income of 33%. At current adoption level of 23%, improved varieties of faba beans led to additional production of about 19.1 thousand tons per year (16.5%). All these results show that along with the soil health benefits and hence the sustainability of farming documented elsewhere, legume-cereal rotation can be justified on economic grounds with clear contribution to national food and nutrition security. The main lessons drawn from these findings are that: 1) there is an urgent need for more research to develop new improved varieties and 2) there is a need to strengthen the extension service and certified seed delivery systems to enhance the adoption of improved varieties and develop farmers’ awareness and appreciation towards legume-cereal rotation. 
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