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Adoption and Intensity of Use of Push-Pull and Imazapyr Resistant Maize Technologies for Striga Control in Kenya: An Application of a Double-Hurdle Model
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Abstract: We surveyed 326 households in Siaya County of western Kenya to establish the best among two alternatives in the control of Striga weed that is prevalent in the area. Push-pull technology (PPT), a combination of natural control agents and Imazapyr (IR) resistant maize technologies have been disseminated for adoption by famers. The two technologies are different in attributes and control aspects, as much as they involve trade-offs in deciding which of the two is more effective from farmers’ perspective. Furthermore, they have been promoted in a singular and mutually exclusive manner in the sense that, farmers are unable to evaluate the technologies simultaneously. We employed a double hurdle model to examine the determinants of adoption and extent of uptake of the two technologies. Our findings show several similar factors which significantly influenced the decision to adopt PPT or IR maize technology. They include: stock of education in the form of years of schooling of household head, land and household sizes, belonging to farmer group, and farm household income levels. Other factors which matter in the adoption of PPT include: age and gender of the household head, distance to the nearest administration centre and livestock ownership (measured in tropical livestock units (TLU) The decision to intensify use of PPT and IR maize technology is determined by farmer’s perception and the TLU.
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1. Introduction (
Maize is the most important cereal crop for both cash and home consumption. In western Kenya where households depend primarily on the crop as a staple food and a source of income, production has been declining. This is due to infestation by a parasitic weed, Striga (Striga hermonthica (Del.) Benth and Striga asiatica [Scrophulariaceae] (L.) Kuntze) which is estimated to cause up to 100% yield loss [1]. It is estimated that, 76% of 210,000 hectares infested Striga in Kenya is in western Kenya [2].

Farmers attempt to control the Striga using traditional methods, including hand weeding, uprooting and burning, methods which have proved to be ineffective [3]. Arising out of this, the International Maize and Wheat Improvement Centre (CIMMYT), the International Centre of Insect Physiology and Ecology (ICIPE) and Kenya Agricultural Research Institute (KARI) in collaboration with other stakeholders developed and promoted technology packages aimed at controlling Striga and mitigating its effects on soil health. These packages include push-pull and Imazapyr Resistant (IR) maize technologies.

Push-Pull technology (PPT), a product of ICIPE, involves intercropping cereal crops with a legume of the genus desmodium (Desmotium uncinatun) and surrounding the intercrop with a perimeter of trap crops such as Napier grass. Besides repelling stemborer moths through its leaf volatiles, desmodium produces root exudates that limit the growth of Striga causing abortive germination [4]. On the other hand, IR maize technology, a product of CIMMYT initiative, involves coating the seed with Imazapyr chemical which acts by destroying the weed at the maize seed germination stage. The germinated maize then produces a chemical which induces germination of the Striga weed, but as the Striga seedlings attach to the roots of the maize to withdraw nutrients, they are destroyed by the herbicide. The Imazapyr which is not absorbed by the maize seedling diffuses into the surrounding soil and kills un-germinated Striga seeds [5].
Whereas adoption of PPT in East Africa has continuously been increasing, with over 50,000 farmers reported to be using the technology, the extent of uptake of IR maize technology is uncertain and Mignouna et al. (2011a) have suggested that it is low. Several studies [1, 4-6] have been conducted on the efficacies of PPT and IR maize technology, with unique results. However, we are unaware of any study that has compared the determinants of adoption and intensity of use of both technologies with an aim of up-scaling their uptake. Such comparisons are important in order to tease out the potential trade-offs of adopting either or both of the technologies and especially to optimize the use of limited resources in technology generation and promotion. Through this study, we aim to provide evidence on comparative economic advantages of the technologies and inform policy on the best alternative.

2. The Model: Specification and Analysis

We adopted a double hurdle (DH) model as originally proposed by Cragg (1971) [7] and have been used by several authors [8, 9]. In its two tier framework, we assume that in the face of a new technologically, firstly a farmer decides on whether to adopt the technology or not. This is on account of comparison on what is already available and the technology’s associated costs (tangible and intangible). This is a dichotomous choice decision. Secondly, conditional on adoption, the extent to which the technology is adopted indicates the farmer’s preference of the technology. Embedded in this preference is an individual farmer’s believe of the technology’s capacity to improve crops yield by reducing the effects of Striga infestations over and above the existing technologies. 
Thus first equation in the double hurdle model relates to the decision to adopt either PPT or IR maize technology (y) and is expressed as: 
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where y* is a latent adoption variable that takes the value of 1 if a household is observed to have practised PPT/planted IR maize and 0 otherwise, X is a vector of household characteristics and α is a vector of parameters.

The second hurdle closely resembles the Tobit model and is expressed as follows:
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where ti is the observed response on the proportion of land allocated to PPT or IR maize expressed as a ratio of the households total cultivated land, Z is a vector of the household characteristics and β is a vector of parameters. The respective errors (vi and εi) are assumed to be independent (not correlated) and normally distributed. We adopt the Box-Cox transformation approach to ensure that the assumption is not violated. 

The log likelihood function of the Box-Cox DH model is given as:
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Following Burke (2009) [8], we use Equation (3) to estimate the unconditional average partial effects (APE) in addition to bootstrapping replications on each observation to enable us in estimating the observed coefficient, standard errors and the P-values and therefore to test the hypothesis which the estimated coefficients are significantly different from zero. 
We account for different partial effects which can be either “conditional” or “unconditional”. The conditional partial effects of a variable (xj) means it’s only regarded in one of the two stages (tiers). The variable (xj) will have a different conditional partial effect in stage one and in stage two, if it is included in both estimation stages. The unconditional partial effects of a variable (xj) take into account both stages of the model. Following Burke (2009) [8], the conditional partial effects of a variable (xj) in the first is determined as:
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where β1j is the maximum likelihood estimated coefficient of xj from the probit and ( is the standard normal probability density function (pdf), whereas the conditional partial effects of a variable (xj) in the second stage is given as:
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where λ represents the inverse mills ratio, β2j is the estimated coefficient of xj from the truncated regression, and ( is the estimated variance from the truncated regression.

The combined unconditional partial effects from the two estimation stages can be expressed as a single equation with two parts namely: 
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where the inverse mills ratio (IMR) is the probability density function, divided by the cumulative density function (pdf/cdf) and φ is the cumulative density function. The average partial effects (APEs) in the model are obtained by averaging xj’s partial effects across all observations.
2.1 The Study Area and Data
We conducted the study in Siaya County of Kenya. The County has a bimodal rain distribution — characterized by long and short rain seasons. The long rains occur between March and June and short rains fall in September and December. The main food crops include maize, beans, sorghum, sweet potatoes, cassava, groundnuts and bananas; and cash crops are sugarcane and coffee. Livestock enterprises include indigenous cattle, dairy, goats, sheep and poultry [10]. We used multi-stage stratified sampling procedure to select 326 farmers. The PPT and IR maize technology sub-populations were 175 and 151 farmers respectively. The total PPT and IR maize technology adopters were 61 and 53 respectively and they randomly were identified from a list made available by the ministry of agriculture staff. Using a structured questionnaire, data on social-economic characteristics of households and institutional factors were collected. These include data on: age, gender, family size, land size, education level, income levels, access to credit, access to extension services and farmer group membership. Transport and communication infrastructures data which are very important in understanding the influence of transaction costs on adoption and intensity of use decisions such as distance to the nearest shopping and administration centres were also collected. For adopters, the intensity of use was calculated as a ratio between the area put under PPT or IR maize technology and the total cultivable land owned by a household.

3. Results and Discussion
3.1 Sample Summary Statistics

Table 1 presents the summary statistics of farm and farmer characteristics of the sampled population. The average age of PPT adopters and non-adopters was 50 and 40 years respectively. On the other hand, the adopters of IR maize technology were on average aged 51 years compared to 48 years of non-adopters. The mean age difference for PPT and IR maize technology was significant at 1% level and insignificant respectively. There was a significant difference between the number of years spent in formal schooling which was approximately 9 years for adopters of PPT and IR maize technology and 4 years for non-adopters. The average land size for PPT and IR maize technology adopters was 5.6 and 3.0 acres respectively, while non-adopters owned 4.2 and 2.7 acres respectively, with a significant difference at 1% and 5% respectively. The results further show that, adopters for both technologies had a higher household income compared to the non-adopters which averaged KES 53,951 and KES 44,566 for PPT and IR maize technology adopting households and KES 40,926 and KES 31,768 for non-adopters respectively. Most of the adopters of both technologies belonged to organised farming groups (73.8% for PPT and 77.4% for IR-maize) and this has a positive attribution to adoption. 
Table 1  Descriptive Statistics for Selected Farmers’ and Farm Characteristics
	Variable
	Description of the variable
	Measurement
	PPT
	
	IR maize technology
	

	
	
	
	Adopters

N = 61
	Non-Adopters

N = 114
	t-value
	χ2
	Adopters

N = 53
	Non-Adopters

N = 98
	t-value

t-valuet-value
	χ2

	
	
	
	Mean/percent
	Mean/ percent
	
	
	Mean/ percent
	Mean/ percent
	
	

	AGEHHH
	Age of the household head
	Years
	50 (9.3)
	40 (12.4)
	5.7***
	
	51 (14.9)
	48 (12.1)
	1.1
	

	YRSCHHH
	Household head’s years of schooling
	Years
	8.8 (3.7)
	4.3 (3.6)
	7.8***
	
	9.2 (4.6)
	4.5 (3.6)
	6.9***
	

	LANDSZ
	Total land size owned by a household
	Acres
	5.6 (2.2)
	4.2 (2.3)
	3.9***
	
	3.0 (2.0)
	2.7 (1.6)
	2.3**
	

	LOGINCOME
	Log of income 
	Kenya shilling
	4.7 (0.4)
	4.6 (0.4)
	2.2*
	
	4.6 (1.2)
	4.5 (0.4)
	5.0***
	

	DSADMN
	Distance of the household from the nearest administration centre
	Kilometres
	2.3 (1.7)
	4.6 (2.6)
	-6.0***
	
	2.4 (2.2)
	4.2 (2.9)
	-4.1***
	

	TLU
	Tropical livestock unit of a household
	Units
	4.6 (2.5)
	2.2 (2.1)
	6.7***
	
	3.8 (2.9)
	3.2 (2.4)
	1.4
	

	WORKFORCE
	Household’s labour force 
	Persons
	8.0 (2.4)
	3.0 (1.8)
	15.1***
	
	6.0 (3.6)
	3.0 (1.5)
	6.8***
	

	GENDERHHH (%)
	Gender of the household head
	1 = Male,

0 = Female
	
	
	
	11.7***
	
	
	
	2.5

	
	1 = Male
	
	63.9
	36.8
	
	
	54.7
	51.2
	
	

	FGMEM (%)
	Whether a farmer was a group member
	1 = Yes,

0 = No
	
	
	
	19.7***
	
	
	
	39.2***

	
	1 = Yes
	
	73.8
	38.6
	
	
	77.4
	24.5
	
	

	EXTENACS (%)
	Whether a farmer had sought extension services
	1 = Yes, 

0 = No
	
	
	
	19.6***
	
	
	
	0.6

	
	1 =  Yes
	
	78.7
	43.9
	
	
	66.0
	69.4
	
	

	RADOWNSP (%)
	Household head’s radio ownership 
	1 = Yes, 

0 = No
	
	
	
	1.8
	
	
	
	5.2**

	
	1 = Yes
	
	78.7
	69.3
	
	
	81.1
	63.3
	
	


Note: Figures in the parentheses are the standard deviations associated with the means for the variables indicated.
***P < 0.01, **P < 0.05 and *P < 0.10 mean significant at 1%, 5% and 10% probability levels, respectively.
There was a significant difference between the mean access to extension services by adopters of the two technologies as reported by 79% of PPT and 66% of IR maize technology adopters. The average distance to the nearest administration centre (DSADMN) was 2.3 km for PPT adopters and 4.6 km for its non-adopters. On the other hand, IR maize technology adopters travelled approximately 2.4 km to the nearest administration centre compared to 4.2 km travelled by the non-adopters. The tropical livestock unit (TLU) is often used as a measure of wealth and reflects the importance of livestock ownership in adopting the technology. The adopters of PPT and IR maize technology owned on average 4.6 and 3.8 TLUs respectively, while their respective non-adopters owned 2.2 and 3.2 units. The mean difference for PPT was significant at 1%. 
3.2 Factors Influencing Adoption of PPT and IR Maize Technology 
Table 2 presents the results of the determinants of PPT and IR maize technology adoption. The gender of the household head variable (GENDERHHH) was positive and significant at 5% level for PPT. This suggests that, male-headed households are more likely to adopt PPT unlike their female counterparts. This could be attributed to the fact that, men have both ownership and user rights over women. With ownership and use rights individuals are more likely to invest in new technologies. It could also mean that, females are more risk averse to adopting a new technology which appears to affect the known equilibrium of food security. This is consistent to findings by several studies [11, 12]. 
The age of the household (AGEHHH) matters in the adoption of PPT. The variable was positive and significant at 5% level, implying that, an increase in the age of the household head increased the probability of PPT adoption. Older farmers are more likely to adopt PPT, a fact that could be pegged on farming experience. Several studies [13] have observed similar results. However, inverse relationship between age and adoption of technologies has been observed [14, 15]. This was not surprising, since the direction of age has always been mixed in literature owing to the technology characteristics and the different viewpoints taken by farmers of different age groups. The variable was insignificant in adoption of IR maize technology.
The coefficient for household size (HHSIZE) was positive and significant at 1% and 5% levels for both PPT and IR maize respectively. This shows that, the probability of adopting PPT and IR maize technology was higher in households which had more members. This is often attributed to availability of labour which is essential especially for PPT, as the early stages of its establishments are said to be labour intensive [6]. 
Table 2  DH Coefficients of Factors Influencing Adoption of PPT and IR Maize Technology
	Variable
	PPT
	IR maize technology

	
	Coefficient
	Std. error
	Coefficient
	Std. error

	AGEHHH 
	0.067**
	0.030
	0.020
	0.015

	GENDERHHH
	1.187**
	0.574
	0.128
	0.338

	YRSCHHH
	0.163*
	0.086
	0.169***
	0.044

	LANDSZ
	0.264*
	0.151
	0.143*
	0.086

	HHSIZE
	0.468***
	0.136
	0.212**
	0.099

	EXTENACS
	-0.384
	1.275
	0.856
	0.549

	FGMEM
	1.529***
	0.561
	1.605***
	0.360

	DSADMN 
	-0.621**
	0.290
	-0.074
	0.082

	LOGINCOME
	0.742*
	0.403
	1.085***
	0.420

	TLU
	0.246**
	0.126
	-0.063
	0.070

	RADOWNSP
	-0.727
	0.689
	0.932**
	0.407

	INTEXTDSADMN
	0.215
	0.354
	-0.218
	0.152

	FRMLBPAT
	0.068
	0.581
	
	

	N
	175
	
	151
	

	Wald 
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(13)
	28.36
	
	41.09
	

	Prob> 
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	0.008
	
	0.0000
	


***P < 0.01, **P < 0.05 and *P < 0.10 mean significant at 1%, 5% and 10% probability levels, respectively.
The coefficient for years of schooling of a household head (YRSCHHH) was positive and significant at 10% level (0.163) for PPT. The coefficient was also positive (0.169) and significant at 1% level for IR maize technology. This shows that, educated farmers had a high probability of adopting PPT and IR maize technology. This corroborates the findings of several studies [16, 17] which observed a positive relationship, between education level of a household head and the decision to adopt a new technology. Education is positively linked to adoption of new technologies as educated farmers are said to be more informed and therefore able to understand the benefits of a technology, since they are in a position to effectively use the information provided. Education creates a favourable mental attitude for the acceptance of new technologies especially which require intensive information. 
The number of tropical livestock units (TLU) owned by a household matters in the adoption of PPT. TLU is often regarded as a sign of wealth and the more it is, the higher the probability of technology adoption.  Furthermore, the companion crops used in PPT are important fodder crops and hence an important entry point for farmers to adopt the technology. 

The positive coefficients for group membership variable implies a higher probability of adoption of both technologies by farmers who belonged to organized farming groups as opposed to those who did not. In the sampled region, majority of the respondents were in groups, which not only help in cutting down on information search costs, but also helps in building farmers social capital which is important in technology adoption. Several studies have observed similar findings [18, 19]. However, others [20, 21] observed an inverse relationship between group membership and technology adoption and attributed this to negative attitudes that sometimes farmers obtain by being in groups. 
The coefficients for household income, which was included in the model as LOGINCOME were positive both for PPT (0.742) and IR maize technology (1.085). This signifies a higher probability of adoption for households who had higher levels of annual income as compared to those with low level of income. This is probably due to the fact that, both PPT and IR are capital intensive particularly when it comes to accessing the seeds [22]. It could also be due to the fact that, a new technology is a risky undertaking and that the more income a farmer has, the more risk loving one becomes hence a U-shaped relationship between income level and risk [23]. Similar findings have been reported by Tura et al. (2010) [19].
3.3 Factors Influencing the Extent of Adoption and Unconditional Average Partial Effects of PPT and IR Maize Technology
Table 3 presents the determinants of intensity of use and unconditional average partial effects of PPT and IR maize technology. In this respect, a positive and significant coefficient was observed for the variable representing group membership (FGMEM) implying a high probability of expanding the land under PPT if one was a member of farmers group. This is consistent with the findings of Amudavi et al. (2007) [24] who established that, farmer groups once properly managed can enable members to access resources and overcome short-run liquidity constraints, thus reducing the risk associated with new innovations. This could be due to the fact that, while in groups, farmers are able to cut on transaction costs, and in turn direct the saved cash to the expansion of the area allocated to PPT. Social capital which includes the interactions of individuals, norms and values positively influences the performance of group membership [25].
The coefficient for tropical livestock units (TLU) was positive for PPT (0.004) and IR maize technology (0.031). The farmers with a larger livestock unit were more likely to intensify the use of PPT and IR maize technology, as compared to the ones who owned fewer units. This is probably due to increased fodder associated with PPT and this was used as an entry point in promoting the technology. Since TLU is regarded as a sign of wealth, the more units a farmer owns, the higher the probability of putting more land under both technologies.
Access to extension services, positively (0.223) influenced the decision of farmers to expand the amount of land put under IR maize technology, as compared to those who did have not access to such information services. This is consistent to the findings by several studies [19, 26]. 
Table 3  DH Coefficients of Factors Influencing the Intensity of Use and Average Partial Effects of PPT and IR Maize Technology
	Variable
	Intensity of use
	Unconditional average partial effects (APEs)

	
	PPT
	IR maize technology
	PPT
	IR maize technology

	
	Coefficient
	Coefficient
	Coefficient
	Coefficient

	AGEHHH 
	0.000 (0.000)
	0.001 (0.004)
	0.000 (0.000)
	0.001 (0.001)

	GENDERHHH
	-0.002 (0.009)
	-0.098 (0.114)
	0.002 (0.003)
	-0.016 (0.033)

	YRSCHHH
	0.002 (0.004)
	0.066 (0.047)
	0.001 (0.001)
	0.020 (0.012)

	EXTENACS
	-0.011 (0.010)
	0.223 (0.126) *
	-0.014 (0.004)
	0.077 (0.050)

	FGMEM
	0.027 (0.013) **
	0.097 (0.147)
	0.010 (0.006)*
	0.076 (0.044)*

	LOGINCOME
	0.004 (0.003) *
	-0.063 (0.056)
	0.003 (0.001)**
	0.024 (0.021)

	TLU
	0.004 (0.002) **
	0.031 (0.016) *
	0.002 (0.007)**
	0.004 (0.006)

	WORKFORCE
	0.025 (0.002)
	0.017 (0.013)
	
	

	DSPCNTR
centre)
	-0.001(0.002)
	0.010 (0.015)
	
	

	PERCPRANK
	0.031 (0.017) *
	0.382 (0.190) **
	
	

	MOBOWNSP
	-0.001(0.009)
	0.087 (0.156)
	
	

	INTPERCYRSC
	0.000 (0.001)
	-0.024 (0.016)
	
	

	FRMLBPAT
	0.013 (0.008)
	
	
	

	SIGMA
	0.027 (0.003) ***
	0.241 (0.033) ***
	
	


Note: Figures in the parentheses are the standard errors associated with the coefficients and APEs. 

***P < 0.01, **P < 0.05 and *P < 0.10 mean significant at 1%, 5% and 10% probability levels, respectively.
Another factor which positively influenced the decision of expanding PPT was income level of a household (LOGINCOME). The higher the level of income a farmer had, the higher the probability of putting more land under PPT. The probable reason would be the ability of farmers with more income to commit some of it to cover extra increase in costs, such as the desmodium seed and Napier grass which require more capital. Furthermore, more income and especially that which is over and above food expenditure and other social expenditures, as well would enable a farmer to expand investments into more agricultural activities including complimentary desmodium seed purchases. This in line with findings by Rosenzweig and Binswanger (1993) [23], who established that, wealthier farmers embrace risk more than their poorer counterparts who tends to be risk averse. However, income level was not significant in intensity of use of IR maize technology.

4. Conclusions and Implications
This study evaluated the possible factors influencing the adoption and expansion of PPT and IR maize technology in Siaya County. Several factors such as: age of a household head, years attained in school, land size, household size, farmer group membership, tropical livestock units, perception and income levels of a household, were found to significantly influence the probability of PPT and IR maize adoption and the intensity of their use. The average partial effects attributable to farmer group membership, tropical livestock units, and income levels of a household indicates the factors which should be targeted in order to intensify the use of PPT and IR maize technology. The findings implies that, purposive population targeting in terms of their age, gender, experience, household income levels, household sizes, tropical livestock units and group membership is important if maximum adoption and expansion of PPT and IR maize is to be achieved. Given the importance of information in ensuring adoption, having access to information sources such as extension officers and radio is crucial. These findings are critical to both technology promoters and key policy makers.
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