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Abstract
Background
Agricultural intensification is important in increasing agricultural production and productivity. Especially in developing countries faced with a rapidly growing population and a concomitant low agricultural productivity and food insecurity, intensification is considered very important to boost productivity and feed an ever-growing population. However, intensification remains low in developing countries owing to constraints such as inexistent or imperfect input and output markets, and weak public institutions. The institution of contract farming (CF) can address these constraints and may thus contribute to agricultural intensification. However, how CF contributes to agricultural intensification has not been well explored. In this study, we explore the role of CF towards agricultural intensification in rice production in Senegal.

Methods
To estimate the effects of CF on agricultural intensification proxied by fertilizer use, expenditure on fertilizer, improved rice varieties, and tractor use, we employ a high-frequency unbalanced panel data. We estimate a correlated random effects model to address time-invariant unobserved heterogeneity related to participation in contract farming.

Results
Our results show that CF is positively correlated with fertilizer use, fertilizer expenditure, tractor use, suggesting that CF contributes towards agricultural intensification.

Conclusion and policy implications
The institution of CF can play an important role in spurring agricultural intensification in developing countries. Policy makers, especially in developing countries can harness the potentials of CF to increase agricultural intensification and transform the agricultural sector. However, the negative environmental effects of such intensification should be considered and contracts should be better designed to rather promote sustainable intensification.
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Introduction
Over 2 billion people are food insecure while 700 million live below the poverty line [28, 73]. Most of them constitute smallholder farmers living in sub-Sahara Africa (SSA) [21]. Reversing such trends and achieving SDGs 1 and 2 of no poverty and zero hunger, respectively, warrants agricultural transformation marked by increased agricultural production and productivity [32, 50, 70]. To increase agricultural production, smallholder farmers especially in SSA have generally relied on expansion of agricultural lands and extensive use of labor [70].
The viability of such strategies is being threatened by factors such as population growth, environmental concerns, and structural transformation. For example, population growth has led to the conversion of arable land to non-agricultural purposes such as infrastructural development [68]. This trend is particularly common in West Africa Hermann et al. [33]. Additionally, converting forests and grasslands to agricultural land is associated with high environmental costs such as loss of biodiversity [34]. The rapid structural transformation, characterized by the strong emergence of an off-farm sector, which attracts labor, also suggests that the amount of labor available to agriculture is reducing [74]. At the same time, these changes put more pressure on the agricultural sector that has to feed an ever-growing population. To address these challenges, agricultural intensification has emerged as an important solution [11, 16, 52, 70].
Agricultural intensification involves increasing agricultural production and productivity with little or no expansion of the area under cultivation [50]. It is argued to be an important facet of agricultural transformation, which also constitutes aspects of commercialization. Agricultural intensification involves the use of modern inputs such as improved varieties and fertilizers and mechanization technologies such as tractors. Improved seed varieties are usually characterized by their yield-increasing potential and resistance to environmental stressors, and may thus lead to increased productivity especially when combined with fertilizers. The use of agricultural machinery such as tractors also reduces the demand for agricultural labor for activities such as land preparation, allowing farmers to time properly their farming operations [38]. Moreover, it is argued that mechanization increases the profitability of other inputs [40]. Intensification may also encompass the use of irrigation technology. The availability of irrigation technologies reduces the reliance on rainfall, allowing farmers to produce multiple times in a year, maximizing the output from their lands. In fact, Suri and Udry [65] argue that irrigation and fertilizers are key technologies for agricultural intensification due to their ability to cancel out natural differences in the supply of water and farmland. With low productivity, a rapidly growing population and rising food insecurity, SSA is ideal for intensification.
However, agricultural intensification remains quite low in SSA. The region constitutes the lowest in terms of fertilizer use [16, 61, 65]. The region also constitutes the lowest in terms of mechanization and irrigation [65]. Such low intensification has been attributed to a host of binding constraints such as lack of finance [25, 34, 62], inexistent or imperfect markets for inputs and outputs [18, 34], and institutional factors such as weak and inefficient public extension services [18, 47]. Addressing these constraints may increase farmers’ access to modern production methods and lead to intensification. An institution capable of addressing such constraints is contract farming (CF).
Contract farming is a pre-planting arrangement between a buyer-typically an agroprocessor/supermarket- and a farmer or producer. This arrangement provides the farmer with specific characteristics to support production in exchange for agricultural produce that meet certain characteristics [55, 67]. CF can take many forms, but they essentially provide financial or production support to farmers. Hence, CF can contribute to agricultural intensification in many ways. CF may reduce financial constrains by providing farmers with cash which may allow them to access modern inputs such as fertilizers and improved seeds, hence contributing to intensification. Some CF arrangements also provide modern inputs such as fertilizers and improved seeds as well as technical support allowing farmers to intensify their production. Also CF shares the risks between producers and buyers allowing farmers to invest in agricultural production through improved technologies [7]. By linking farmers to modern value chains, CF provides a ready market for farm produce.
Accordingly the institution of CF has been widely used to improve agricultural value chains especially in Africa [62, 63]. Indeed, a large body of literature shows that CF benefits smallholders in terms of income and food security [5, 7, 12, 30, 42, 57, 63]. However, it is not clear whether these benefits result from intensification. Since CF provides price premiums, such increase in income may have resulted from price premiums rather than increased agricultural productivity through intensification. While increases in price premiums maybe important, their benefits may not be as high compared to intensification since they may only raise farmers’ income for the time being. In addition to raising smallholder income through increased productivity, intensification is key towards structural transformation [4]. Hence, most agricultural policies aim at promoting agricultural intensification. Therefore understanding how CF contributes to intensification offers new avenues to spur agricultural intensification and agricultural transformation. Moreover, understanding the role of CF on intensification provides clearer mechanisms through which contracts operate and can aid in better contract designs.
In this study, we evaluate the relationship between participation in CF and intensification, proxied by the use of modern inputs such as inorganic fertilizers, and improved rice varieties as well as use of mechanization such as the tractor. We employ a high frequency three-wave pseudo-panel data for our analysis. We estimate correlated random effects model to address potential time-invariant unobserved heterogeneity associated with participation in CF.
Our study contributes to the literature on agricultural intensification in different ways. First, we provide novel and supporting insights on how CF can lead to agricultural intensification through the use of fertilizers, improved seeds, and mechanization. To our knowledge, only Mano et al. [40] have examined the role of CF on agricultural intensification. However, they focus on adoption of agronomic practices and use of tractors without looking at improved seeds, which may constitute one of the most important aspects of intensification. Relatedly, Arouna et al. [7] highlight that CF may lead to increased yields through fertilizers and pesticides but they do not consider any form of mechanization. We go beyond these studies by looking at these three important aspects of intensification, fertilizer use, improved seeds, and tractor use, which may be complementary. For example, mechanization has been shown to improve the profitability of other inputs such as improved seeds and fertilizers [40]. These indicators are also argued to reflect agricultural intensification [16, 34, 52].
Our second contribution comes from the nature of our data. Existing studies [7, 40] use one period cross-sectional datasets. While the use of cross-sectional datasets may not be a problem in itself, it may limit our understanding of the relationship between CF and intensification, which is arguably a dynamic process that can be properly understood under different periods [16]. Moreover, it is difficult to estimate causal effects using cross-sectional data. The use of panel data allows us to understand properly how CF can lead to intensification as well as better estimate causal effects. Beyond using a panel dataset, we also provide new evidence from a different production environment, which increases the external validity of other studies. Although we focus on Senegal, the challenges in rice production such as limited mechanization reflect those in other West African countries such as Cote d’ivoire, Nigeria, and Benin where CF is also an important institution in rice production [40, 42, 62]. Hence, our results may also be applicable in such settings.
Lastly, we focus on CF arrangements in rice, an important staple crop. Focusing on rice is important because rice is instrumental for the food security of West Africa [8, 62]. According to Soullier et al. [62], West Africa is the second highest importer of rice. Given the strategic role rice plays in food security in West Africa, it is important to understand how its production can be improved. Hence, understanding if CF leads to intensification contributes to the broader discourse of improving food security. Additionally, rice is one of the few cereals in which yields can be boosted through intensification [24]. Moreover, most studies on CF have focused on specialty/high-value crops such as oil palm [21, 31, 59], sugarcane [71], and fruits and vegetables [5, 22, 57]. However, staple crops such as rice are argued to have broader welfare effects [43]. Hence, understanding whether CF leads to intensification of a staple crop as rice lends more evidence to policy actions aimed at simultaneously improving productivity and reducing poverty.
More generally, our study contributes to broader debate on agriculture and food security. While agriculture is already a key sector in terms of employment creation and food supplies, agricultural intensification has been tipped to be important for food security, income, and structural transformation [4, 20, 27]. Particularly, the intensification of a crop like rice, which has enormous food security implications in Africa cannot be overemphasized. Intensification can increase agricultural production and productivity, increasing the quantity of own-produced food, and consequently improve food security. Increased production and productivity may also increase households’ market participation, leading to increased income. In Ghana, for instance, Addison et al. [1] show that the uptake of improved rice seeds and fertilizers improved farmers’ incomes. Such income can increase market access and increase household food security. Hence, studying the role of CF in increasing intensification is important not just for rice production systems but for broader goals such as food security, agricultural development, and structural transformation.
The remainder of the paper proceeds as follows. In section two, we provide the context of the study. Section three provides a conceptual framework. Section four presents the data and methodology. In section five, we present and discuss the results while section six concludes and highlights some policy implications.

Study context
This study focuses on Senegal, a West African country where rice is a major staple [66]. Although rice is an essential part of the Senegalese diet, the country has mostly relied on imports due to failure of local production to meet local demand [8, 62]. Importing over 1 million tons of rice per annum and spending a whooping 654 M USD, the country ranks as one of major importers of rice in Africa [29, 62]. Besides importing to fill the demand gap, most Senegalese also prefer imported rice for both culinary reasons and its relatively cheaper price [62]. Realizing that investing in the rice value chain could reverse such trends, the government has implemented a series of interventions aimed at boosting local rice production. Between 2009 and 2014, the Senegalese government implemented two national rice sufficiency programs, which involved professionalization of the rice value chain and provision of rice millers [63]. Despite these interventions, rice production remained very low marked by a reduction in yields [26].
To further boost production, the intensification of rice production system emerged as a policy option (Africa [2, 19, 37]). This intensification, which could increase yields with more efficient input use comprises of use of irrigation facilities, improved seeds, chemical or organic fertilizers as well as machinery such as tractors [37], Africa [2]. These interventions were implemented in the Senegal river valley area (SRVA) which is a major rice production basin, accounting for over 80% of national rice production [64, 69]. The SRVA area offers a unique landscape for such intensification. The availability of ample irrigation water means that farmers can produce rice multiple times in a year. This is also made possible by the availability of short-term high-yielding and climate-resistant varieties like the Sahel 108. The availability of tractor would also reduce labor costs, ensuring that farmers properly time their operations.
Despite these opportunities, intensification remains very low in the area. This low intensification has been attributed to a host of factors such as limited finance by farmers [25, 62], Africa [2], limited availability of machinery which affects the timing of farming operations like land preparation [66] and limited institutional support to farmers [63]. For example, MacCarthy et al. [41] argue that less than 10% of the available land is irrigated, reducing farmers’ abilities to engage in multiple cultivation within the same year. Other studies have also cited limited use of fertilizer and machinery in rice production [41], Tanaka, [66]. To simultaneously address these challenges and boost intensification, CF schemes emerged in the area.
Two main types of contracts were introduced in the area [63]. On the one hand are production contracts between farmers and a private miller. In addition to cash, such contracts also provide farmers with production support such as tractor services to engage in land preparation and threshing machine to prepare rice upon harvesting [63]. The farmers in turn repay through rice paddy commensurate to the value of the loans they received. Independent farmers can sign such contracts. On the other hand are marketing contracts, which provide mainly cash support to farmers. Such contracts involve three parties: farmer organizations, millers, and the agricultural bank [63]. The contract is on a collective liability basis where the agricultural bank provides loans to farmer organizations and the organizations distribute money to farmers. The farmers then repay their loans by supplying paddy to millers who pay them through banks. This ensures that the bank directly deducts the liabilities of the farmer organizations. Failure to repay loans implies that farmer organizations are not eligible for more loans in the following season.
While such contracts are expected to boost agricultural intensification in the rice sector, there is little evidence to support such. Rather, studies in the area have looked at the welfare implications of such contracts. For instance, Ndip and Sakurai [49] show that participation in CF arrangements in the SRVA is associated with improved diet quality. Their study, however, fails to distinguish the types of contracts. Soullier and Moustier [63] also analyzed the welfare impacts of such contracts providing mixed evidence. Their results suggests that marketing contracts are not profitable while production contracts are. This may provide suggestive evidence that production contracts that provide support to farmers such as fertilizers and machinery services may have thus boosted their production. However, whether such contracts indeed boosted rice intensification has not been empirically studied. This study aims to fill this gap. Understanding whether CF indeed boosts intensification is important given that CF arrangements have been criticized on both social grounds such as increased demand for labor [54, 55, 58].

Conceptual framework
Agricultural intensification holds potentials to transform the agricultural sector of developing countries. First proposed by Boserup [17] and accentuated by Ruthenberg [60], intensification is seen as important strategy to improve agricultural productivity amidst rapid population growth, which may lead to reduction in arable land and a concomitant increase in the demand of food. Intensification hinges on the use of modern farm inputs to boost agricultural productivity [16]. For farmers to harness the benefits of intensification, there is a need for an enabling environment that will grant farmers access to improved inputs as well as machinery. An enabling environment would constitute, for example, readily available and accessible input and output markets, which may increase farmers’ access to inputs. Public extension services may also constitute part of the enabling environment by providing information about modern production methods using modern inputs. The big question then is how to provide an enabling environment. Policy options such as subsidies and improved public extension are plausible. However, in many developing countries, public extension systems are inefficient and markets are imperfect or weak [18, 47]. An institution such as CF is capable of producing such an enabling environment.
CF arrangements may take various forms but are usually categorized as production and marketing contracts [14, 55]. These contracts usually have distinct features, although some features may overlap. However, the features of CF arrangements suggest that it may lead to agricultural intensification.
Production contracts usually involve the provision of inputs such as improved seeds, fertilizer, pesticides, and machinery services to farmers [13, 36]. This may directly engender agricultural intensification as farmers can use such inputs to boost agricultural productivity. In Benin, Arouna et al. [7] show that this is the main mechanism through which CF participation increases farmers yield. In other words, CF may have led to agricultural intensification. The availability of such inputs may also induce the expansion of cultivated area if the initial area under cultivation was small. Still in Benin, Arouna et al. [7] further show that participation in CF increases the area under cultivation. Contracting firms also provide machinery services such as tractors, which allow farmers to perform crucial farm operations. Technical support provided by CF may also involve training farmers on various aspects of modern production. In Madagascar, Minten et al. [46] show that CF arrangements trained farmers on the production of organic manures, which led to their increased use on farmers’ plots. The provision of inputs such as seeds and fertilizers and the availability of machinery service suggests that CF may lead to complementary use of modern technologies, which may increase productivity.
Marketing contracts on their part usually provide farmers with cash loans during the production season [36, 55]. Such loans may allow farmers to buy improved seeds, fertilizers and hire machinery services, which may also lead to intensification. Unlike production contracts, the marketing contracts allow farmers to be responsible for their own production by selecting inputs and services they deem necessary, as long as it allows them to meet their own end of the contract. The features of both types of contracts suggest that they may be important for agricultural intensification. While production contracts may directly affect intensification, marketing contracts may work indirectly.
CF may also engender intensification indirectly. A salient feature of CF arrangements is that they provide a guaranteed output market, the absence of which may deter farmers from investing in agricultural production since they are not sure of selling their produce [9, 25]. Even if farmers have the ability to intensify production by investing in fertilizers and machinery, the absence of markets nay make them more risk-averse, discouraging such investments. By providing a guaranteed output market CF reduces farmers’ risk-averseness allowing them to invest in modern inputs.
However, CF may not always lead to intensification due to issues such as input and cash diversion. Although CF arrangements may provide farmers with inputs, the farmers may divert such inputs to other crops, which may not lead to intensification. In extreme cases, the farmers may even sell such inputs to cater to other immediate household needs such as sickness of a household member or provision of food. This is even worse in the case where farmers are provided cash as in the case with marketing contracts. Farmers may divert the cash and may end up not using it for agriculture-related reasons. In such cases, CF may not lead to intensification.

Data and methods
Farm survey
The data for this study comes from a field survey conducted in the Podor and Dagana departments of the SRVA, which is argued to be the main rice production area in Senegal [66, 69]. The survey was implemented in 2021 by trained enumerators. A multistage sampling procedure was employed. In the first stage, 180 farmer organizations were randomly selected from 3304 organizations. Farmer organizations were chosen because the contracts in this area are awarded on a collective liability basis through such organizations, although farmers cultivate individual plots. However, farmers may also sign independent contracts with rice millers. From these organizations, rice-producing households were randomly selected which served as the sample of the study.
Although the survey was done in 2021, information about rice production and other variables was obtained for different production seasons. A key advantage of the SRVA is the existence of multiple cropping seasons within a year which allows farmers to cultivate rice several times within the same year [25]. The respondents were asked about rice production in each of the seasons from 2019 to 2021 (Dry cold season 2018–2019, Dry hot season 2019, Winter 2019, dry cold season 2019–2020; dry hot season 2020, Winter 2020; dry cold season 2020–2021, and dry hot season 2021). However, we only focused on three seasons because most farmers cultivated rice in these seasons (dry hot season 2019, dry hot season 2020, and dry season 2021) and we could thus get complete information on most of the variables. We use this seasonal data to construct a pseudo-panel data of three waves. Given that some data points were missing for some of the households, we end up with an unbalanced panel data of 547 observations over three seasons which we use for the main analysis. It is important to note that the sample in each season varies. For each production season, the farmers were asked about the use of contracts and inputs for rice production such as chemical fertilizers, expenditure on fertilizers, rice varieties planted, and use of tractors for any activity. Since these variables change over seasons, it introduces variation in the data.

Measurement of key variables
Our measures of intensification include use of chemical fertilizer, expenditure on fertilizer, use of improve rice varieties, and use of tractor. Other studies have used similar variables as indicators of intensification [16, 52]. They are measured as follows. We measured chemical fertilizer based on the quantity used. Households were asked the amount of chemical fertilizer used for rice cultivation. Our measure of chemical fertilizer is the total amount in kilograms used by households over the production season. We also measured expenditure on fertilizer based on the amount of money farmers spent on fertilizer during the production season. The use of improved seeds is measured as a dummy variable which, takes a value of one if the farmer uses Sahel 108 and zero otherwise during the production season. We focus on Sahel 108 because of its popularity in the area. The variety is also known to be short-seasoned and climate-resilient (Africa [3]). Hence, its use by farmers may lead to improved rice yields. Tractor use is also measured as a dummy variable, which takes a value of one if the farmer uses tractor for at least one farm activity for rice production during the production season. Because these farming activities are usually time and labor demanding and may thus delay planting, the use of tractor helps to overcome such problems. Hence, tractor use may be an important aspect of intensification. Our treatment variable of interest, contract farming, is measured as a dummy variable. We also measure it by seasons. It takes a value of one if a farmer uses any type of contract in the season considered and zero otherwise.

Empirical framework
Estimation strategy
We are interested in estimating the effect of CF on agricultural intensification measured through inorganic fertilizer use, expenditure on fertilizer, use of improved seeds, and use or tractor. To do this, we estimate models of the form[image: $$I_{{{\text{it}}}} = \beta_{0} + \beta_{1} {\text{CF}}_{{{\text{it}}}} + X_{{{\text{it}}}} \beta_{2} + \overline{{X_{i} }} \beta_{3} + \varepsilon_{{{\text{it}}}}$$]

 (1)


where i and t index a household and the time (season) respectively, I is the vector of our intensification variables, CF is the contract farming status of a household. The vector X includes household time-variant characteristics such as the household size, educational level, marital status, age of household head, livestock ownership, other income and off-farm income, [image: $$\overline{{X_{i} }}$$] is the average of the time-variant characteristics. Our parameter of interest is [image: $$\beta_{1}$$] which gives the relationship between CF and the intensification variables. A positive sign of this coefficient suggests that CF is positively associated with agricultural intensification. Ideally, Eq. (1) can be estimated using a random effects but this may result in biased estimates due to endogeneity. Endogeneity may arise from measurement error, reverse causality, and unobserved heterogeneity [12], Wooldridge et al. [72]. It is possible that unobserved factors that affect a household’s decision to participate in CF will simultaneously affect intensification. For example, highly entrepreneurial and motivated farmers who are likely to participate in CF are more likely to use fertilizers and improved seeds to boost their yields. Hence, even without CF, they will normally use more fertilizers. In addition, there are possibilities of measurement errors. Since most responses especially about the use of contracts is based on recall data, farmers may misreport their involvement in contracts in past seasons introducing some measurement errors. Reverse causality may arise from the fact that farmers who practice intensive agriculture are more likely to join CF schemes since such schemes are usually selective [10]. This may also bias our estimates. To reduce the bias in our estimates, such endogeneity issues must be addressed. Since we cannot fully address endogeneity, we rather address time-invariant unobserved heterogeneity associated with CF.

Identification strategy
To address time-invariant unobserved heterogeneity and reduce the bias in our estimates, we explore the panel nature of our data. The two most widely used panel data estimators are random (RE) and fixed effects (FE) whose difference lies in the way the unobserved heterogeneity is treated Wooldridge et al. [72]. The random effects model assumes the unobserved heterogeneity is uncorrelated with the observed covariates and can thus be added to the error term. However, this is a very strong assumption. As already discussed, unobserved heterogeneity is likely to be correlated with CF in our case and RE will produce biased estimates. The fixed effects estimator may be used. The fixed effects model on its part assumes that the unobserved heterogeneity is correlated with the observed covariates but can be eliminated by averaging out the variables. While this may eliminate unobserved heterogeneity and reduce the bias in our estimates, it relies mostly on within variation in the variables. Hence, with little variation in the variables overtime as in our case, the estimates are less efficient [44]. Moreover, the use of fixed effects to estimate non-linear models may lead to biased and inefficient estimates owing to the incidental parameter problem. To overcome these problems, we utilize the correlated random effects (CRE) estimator also known as the pseudo-fixed effects or the Mundlak device. While quite similar to the fixed effects, this estimator eliminates unobserved heterogeneity by modelling it as a linear projection of the averages of time-variant variables. Hence, we include the time averages of time-variant variables in our regressions [image: $$\left( {\overline{{X_{i} }} } \right)$$]. We also include seasonal dummies in our regressions. The CRE is also advantageous over the fixed effects in that it produces less bias estimates when there is little variation in the variables [48]. We, therefore, employ the correlated random effects estimator. For the non-linear models such as use of tractor and improved seeds, we used the linear probability model in the CRE framework due to its non-reliance on functional form and ease of interpretation [6]. It is worth noting that the CRE estimator only deals with time-invariant unobserved heterogeneity. To the extent that time-variant unobserved heterogeneity affects participation in CF, we cannot fully claim causal identification. Also, reverse causality issues cannot be addressed with the CRE estimator. In summary, we do not appropriately deal with the endogeneity of contract farming, hence we interpret our estimates as associations. This is one of the major limitations of the study. To fully address endogeneity issues, the CRE framework could be combined with a control function in a two-stage approach. However, this requires the use of an instrumental variable, which we lack. Hence, we could not employ such a method.
It is worth noting that some household report zero chemical fertilizer and expenditure in some seasons. To retain them for analysis, we perform an inverse hyperbolic sine transformation on the outcome variable following Bellemare and Wichman [15].



Results and discussion
Sample characteristics
The characteristics of the sampled households are presented in Table 1. Starting with our outcome variables, households use an average of about 1000 kg of inorganic fertilizer and spending about 189,000FCFA on fertilizer. About 89% of sampled households use a tractor. This is relatively large given that smallholder farmers in SSA are generally known for limited use of agricultural machinery [65]. In this case, contracting firms provide farmers with tractor services which may explain the high value. In terms of improved seeds, about 70% of the sampled households used the rice variety Sahel 108. This variety is known for its high yielding potential and climate resilience (Africa [3]). In the full sample, about 18% of households engage in contract farming. Although CF is argued to benefit households, its adoption is relatively still very low. This may be due to the fact that contracts are selective with wealthier farmers more likely to be selected [10, 45].Table 1Sample characteristics


	Variables
	Full sample
	Dry hot season 2019
	Dry hot season 2020
	Dry hot season 2021

	mean
	sd
	mean
	sd
	mean
	sd
	mean
	sd

	Outcomes

	 Inorganic Fertiliser use (kg/per season)
	1128
	4267
	1920
	8437
	896.7
	1514
	872.5
	1119

	 Fertiliser expenditure (FCFA)
	189,032
	531,175
	240,738
	798,259
	148,292
	324,535
	194,745
	481,081

	 Tractor use (1/0)
	0.894
	0.308
	0.891
	0.312
	0.897
	0.304
	0.892
	0.311

	 Improved rice varieties (1/0)
	0.706
	0.456
	0.752
	0.434
	0.728
	0.466
	0.659
	0.475

	 Quantity of rice paddy harvested (kg/per season)
	5626
	10,582
	7015
	12,941
	5196
	9285
	5199
	10,101

	Treatment

	 Contract farming (yes = 1)
	0.181
	0.385
	0.202
	0.403
	0.179
	0.385
	0.17
	0.377

	Controls

	 Gender of household head (male = 1)
	0.965
	0.183
	0.953
	0.211
	0.959
	0.199
	0.978
	0.148

	 Educational level (at least primary = 1)
	0.722
	0.448
	0.752
	0.434
	0.744
	0.438
	0.686
	0.465

	 Marital status (yes = 1)
	0.929
	0.258
	0.922
	0.268
	0.923
	0.267
	0.937
	0.243

	 Age of household head (years)
	57.07
	13.17
	56.4
	13.78
	56.92
	13.28
	57.59
	12.75

	 Off-farm income access (yes = 1)
	0.157
	0.364
	0.147
	0.356
	0.138
	0.346
	0.179
	0.385

	 Other income (yes = 1)
	0.196
	0.397
	0.194
	0.397
	0.2
	0.401
	0.193
	0.395

	 Livestock ownership (TLU)
	5.604
	9.943
	7.065
	11.56
	5.575
	9.956
	4.783
	8.811

	 Asset value (10,000FCFA)
	23.97
	335.7
	13.92
	58.52
	10.22
	46.79
	9.073
	43.47

	 Observations
	547
	129
	195
	223




Most of the sampled households are headed by males who are mostly married and have attained at least primary education. Household heads are about 57 years of age. Only about 17% of households earn off-farm income suggesting that agriculture is the main activity in the area. Besides crop production, households also produce livestock and hold assets worth over 230,000 FCFA.
In Table 2, we do a mean comparison of contract and non-contract farmers. There is no significant difference in fertilizer use between the two groups. However, contract farmers expend more on fertilizers than non-contract farmers do. Non-contract farmers are more likely to use tractors compared to contract farmers but there is no difference in their use of improved rice varieties. These results are mixed, and do not provide any clear pattern as to whether contract farming may lead to intensification. However, such results may not be very insightful since both observed and unobserved factors may affect the relationship between participation in CF and intensification. To better understand the relationship between CF and intensification such factors must be controlled for. We do so in our econometric analysis.Table 2Mean comparison


	Variables
	Non-contract farmers (N = 448)
	Contract farmers (N = 99)
	p-value

	Fertilizer use (kg/per season)
	1049 (4653)
	1488 (1580)
	0.35

	Fertilizer expenditure (FCFA)
	166,546 (510,442)
	290,786 (608,899)
	0.035

	Tractor use (1/0)
	394 (87.9%)
	95 (96.0%)
	0.019

	Improved rice varieties (1/0)
	313 (69.9%)
	73 (73.7%)
	0.44

	Quantity of paddy sold (kg/per season)
	5029.7054 (8952.8)
	8324.0404 (15,788.9)
	0.005

	Gender of household head (Male = 1)
	431 (96.2%)
	97 (98.0%)
	0.38

	Educational level (At least primary = 1)
	323 (72.1%)
	72 (72.7%)
	0.9

	Marital status (Married = 1)
	418 (93.3%)
	90 (90.9%)
	0.4

	Age (years)
	57 (13)
	56 (13)
	0.47

	Livestock ownership (TLU)
	6 (10)
	6 (10)
	0.91

	Asset value (10,000 FCFA)
	9 (50)
	19 (40)
	0.068

	off-farm income (yes = 1)
	80 (17.9%)
	6 (6.1%)
	0.004

	Other income (yes = 1)
	85 (19.0%)
	22 (22.2%)
	0.46





Econometric results
Table 3 presents the econometric results of contract farming on intensification variables. For the columns 1–4, we do not control for seasonal dummies while we control for them in columns 5–8. The results suggest that CF is positively correlated with chemical fertilizer use. That is farmers that participate in contract farming use more fertilizer. Our results corroborate those Arouna et al. [7] who show that participation in CF increases yields through increased fertilizer use. This finding implies that CF may play an important role in intensifying rice production systems. Increasing fertilizer use is an important aspect towards intensification in rice production [24]. Inorganic fertilizers provide critical nutrients such as nitrogen and phosphorous and play an instrumental role in improving rice yields in SSA [35]. Additionally, fertilizer use may also boost the productivity of other inputs such as improved seeds.Table 3Correlated random effects estimates of contract farming on agricultural intensification


	Variables
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)

	Fertilizer use
	Fertilizer expenditure
	Improved rice variety
	Tractor use
	Fertilizer use
	Fertilizer expenditure
	Improved rice variety
	Tractor use

	Contract farming (1/0)
	0.8123***
	1.0791***
	0.0908
	0.0943**
	0.8142***
	1.0850***
	0.089
	0.0946**

	(0.1865)
	(0.2812)
	(0.0583)
	(0.0467)
	(0.1863)
	(0.2821)
	(0.0590)
	(0.0461)

	Gender (Male = 1)
	 − 0.3871
	 − 0.5791
	 − 0.0671
	 − 0.0719
	 − 0.4341*
	 − 0.6777*
	 − 0.044
	 − 0.0768

	(0.2522)
	(0.3536)
	(0.0973)
	(0.0686)
	(0.2523)
	(0.3503)
	(0.1024)
	(0.0715)

	Age (years)
	 − 0.0096
	0.0089
	0.0029
	 − 0.0016
	 − 0.011
	0.0059
	0.0036
	 − 0.0017

	(0.0221)
	(0.0368)
	(0.0035)
	(0.0022)
	(0.0225)
	(0.0372)
	(0.0037)
	(0.0022)

	Marital status (married = 1)
	1.0172
	1.5785
	0.1067
	 − 0.0174
	0.9305
	1.4601
	0.1031
	 − 0.0241

	(0.6998)
	(1.0890)
	(0.0960)
	(0.0359)
	(0.6975)
	(1.0679)
	(0.1119)
	(0.0359)

	Educational level
	 − 0.6332
	 − 0.7283
	 − 0.0033
	0.0603
	 − 0.5665
	 − 0.5998
	 − 0.026
	0.066

	(0.4458)
	(0.6903)
	(0.1355)
	(0.0557)
	(0.4448)
	(0.6768)
	(0.1407)
	(0.0565)

	Livestock ownership (TLU)
	0.0151
	0.0136
	 − 0.0056**
	 − 0.0005
	0.0154
	0.015
	 − 0.0062**
	 − 0.0005

	(0.0116)
	(0.0165)
	(0.0024)
	(0.0018)
	(0.0115)
	(0.0163)
	(0.0024)
	(0.0018)

	Asset value (FCFA)
	 − 0.0007
	 − 0.0008
	 − 0.0011
	 − 0.0003
	 − 0.0007
	 − 0.0007
	 − 0.0013
	 − 0.0003

	(0.0006)
	(0.0010)
	(0.0020)
	(0.0003)
	(0.0005)
	(0.0011)
	(0.0018)
	(0.0003)

	Off-farm income (yes = 1)
	 − 0.3742
	 − 0.6204
	 − 0.0729
	 − 0.0996
	 − 0.3953
	 − 0.6635
	 − 0.0627
	 − 0.1016

	(0.3278)
	(0.5390)
	(0.0750)
	(0.0630)
	(0.3310)
	(0.5437)
	(0.0768)
	(0.0629)

	Other income (1/0)
	 − 0.2913
	 − 0.4128
	 − 0.0351
	 − 0.0811
	 − 0.2834
	 − 0.3984
	 − 0.0372
	 − 0.0804

	(0.2926)
	(0.4722)
	(0.0633)
	(0.0528)
	(0.2950)
	(0.4776)
	(0.0637)
	(0.0529)

	Constant
	7.3842***
	11.8468***
	0.7790***
	0.8933***
	 − 0.128
	 − 0.0964
	 − 0.0585*
	 − 0.0087

	(0.8669)
	(1.3153)
	(0.1513)
	(0.1159)
	(0.1627)
	(0.2676)
	(0.0328)
	(0.0229)

	Mean of time variant controls (CRE)
	YES
	YES
	YES
	YES
	YES
	YES
	YES
	YES

	Seasonal dummies
	NO
	NO
	NO
	NO
	YES
	YES
	YES
	YES

	Observations
	547
	547
	547
	547
	547
	547
	547
	547


***p < 0.01, **p < 0.05, *p < 0.1
Robust standard error in parentheses
We estimate all models in the CRE framework, hence we control for the mean values of time-variant characteristics



The results also show that participation in CF is positively correlated with expenditure on fertilizer. This implies that the loans that farmers receive from contract schemes are actually used to acquire fertilizer for rice production. An often cited problems with CF arrangements is the diversion of cash or inputs for other purposes [36, 53, 55]. That is, farmers may use cash obtained for the contracted crop to produce other crops or spend on another household needs. This kind of problem has been shown to affect the performance of CF schemes. It seems that is not the case in our study area. Our findings suggest that farmers actually use the cash to purchase fertilizer. In a typically low fertilizer-use setting, this further implies that farmers are also interested in intensification for higher rice yields.
We now turn to use of improved rice varieties. Although the estimates are not statistically significant, they suggest a positive correlation between CF participation and the likelihood of using improved rice varieties. It is worth mentioning that improved rice variety here is Sahel 108, which is known for its short gestation period and climate resilience. A plausible explanation for this statistically insignificant result is that many farmers in the area are already using such improved varieties, hence the difference between contract farmers and non-contract farmers is too small to show any detectable effects.
Mechanization is another important aspect of intensification. Turning to our mechanization variable, the results suggest that participation in CF increases the likelihood of using a tractor. Our results contrast those by Mano et al. [40] who showed that CF reduced the likelihood of using tractor among contract farmers. They argued that the tractor-service provider lacked experience in rice production and hence delayed with providing the service to farmers. This limited farmers’ access to tractor services. In our case, since production is organized collectively and contract loans are mostly awarded to farmer organizations, such problems are averted, increasing farmers’ access to tractor services. Tractors are used in rice production for multiple activities during land preparation. The delay of any of these activities, may affect the timing of other farm operations such as transplanting, with considerable yield implications. Hence, the use of tractor is an important aspect towards agricultural intensification. This is arguably one of the most important benefits of CF given that smallholder farmers in Africa have limited access to machinery. Improved mechanization has also been shown to offer numerous welfare benefits [38].
So far, our results suggest that participation in CF may induce agricultural intensification in rice production systems. Increased expenditure on fertilizer and fertilizer use in low-fertilizer use settings may lead to substantial increases in yields. Increasing access to mechanization such as tractor may also reducing farm labor needs while properly timing farm operations. In a production system such as rice where each activity must be properly timed, the use of machinery may play important role in intensification. By improving access to three important aspects of intensification, the institution of CF can be used to improve agricultural intensification in staple chains. Intensification of especially rice systems can lead to increased yields and food security [56].
It is important to note that intensification has its own downsides, which are mostly related to the environment. For example, extreme use of inorganic fertilizer may result in loss of important soil fauna, contamination of water bodies, and a host of other environmental issues [23]. The focus on specific varieties promotes monocultures and may lead to biodiversity loss. Tractors use fuel, which may contribute to the emission of greenhouse gases, which pose serious threats to the environment. As such, focusing on intensification without considering the environmental effects may offset the benefits of CF in the long-run. Especially in a world already challenged by a serious environmental crisis, policy discourses should be more oriented towards sustainable intensification, which simultaneously boost agricultural productivity, while protecting the environment. While it may be argued that that the institution of CF contributes to environmental degradation through its role in intensification, it is also important to note that CF may also be used to push for sustainable intensification. This can be achieved through well-designed contracts, which are environmentally oriented. For example, contracts may oblige farmers to combine both organic and inorganic fertilizers and discourage the use of practices that pose environmental issues. Additionally, incentives can be provided to farmers who implement sustainable practices. Contract farming arrangements can thus focus more on sustainable intensification. This, however, does not take away the important role the institution can play in boosting agricultural intensification in developing countries.
While contract farming may play an important role in boosting agricultural intensification, it is important to use the institution cautiously owing to its numerous social issues. For example, CF may exacerbate gender inequality at the household level by reducing women’s agency and decision-making power [39]. The ownership of crucial resources such as land are mostly a prerequisite for contracts and given that men have more access to such resources, they are most likely to engage in CF arrangements and may thus exacerbate gender inequality. Additionally, farmers with such resources are mostly the wealthiest, implying that only such farmers are likely to engage in CF arrangements, exacerbating rural inequality [51]. Contract farming may also lead to complete dependence by the farmers on the contracting firm. In case the contracting firm fails to buy the products, the farmers may become stranded. While these issues can be addressed through proper contract designs, policy makers should consider them while leveraging the institution of CF as a way of intensifying agricultural production.


Conclusion and policy implication
In this study, we evaluate the role of CF in improving agricultural intensification in rice production system in Senegal. Using a high frequency unbalanced panel data, we estimate correlated random effects model to deal with unobserved heterogeneity. We measure agricultural intensification by quantity of chemical fertilizer used, expenditure on fertilizer, use of improved rice varieties, and use of tractor services. Our results reveal that participation in CF is positively correlated with our indicators of intensification, suggesting that CF can play an important role towards agricultural intensification. Particularly, the use of machinery such as the tractor may reduce labor needs and allow farmers to properly time their farming operations, which may lead to increased yields.
Our findings hold a few policy implications. First, they support the notion that institution of CF can be used to drive agricultural intensification in staple chains in developing countries. Although our results suggest so, the attention of CF has rather focused on its welfare benefits towards farmers such as increasing their income, food security, and diets. Little attention has been given on its intensification effects, although it is passively mentioned in the literature. Policy makers can therefore harness the potentials of CF towards improving agricultural intensification. CF arrangements can be scaled to cover other important staple crops. Secondly, and relatedly, mechanization services can be made more available to farmers through CF. This may be particularly important given the reduction of farm labor owing to rural–urban migration. Lastly, designing more CF schemes that may directly provide services to farmers such as improved varieties, fertilizers and machinery may fast track agricultural intensification in developing countries.
It is also important to point out some limitations of our study. In this study, we have mostly focused on a small area in Senegal. Although it is argued that the challenges faced by the rice sector in Senegal are similar to those faced in other West African countries, it is not clear whether CF may engender intensification in other settings. Broader studies covering wider geographical areas are needed to ascertain the intensification effects of CF. Particularly, cross-country studies may be instructive. Also, we have only focused on rice, a staple crop. It is not clear if CF arrangements in other crops will produce similar effects. Second, we use a relatively short panel of three waves. It would be more interesting to use longer waves of panel data to ascertain if indeed CF leads to intensification over the long run. Future studies can leverage longer panel datasets to this end. Additionally, we use recall data to construct our panel data. This may lead to potential misreporting by farmers. Relatedly, we do cannot fully claim causality since we have only dealt with time-variant unobserved heterogeneity and not endogeneity of CF. Studies with more rigorous designs may, therefore, be necessary to clearly establish causal links between CF and intensification. Lastly, CF arrangements can come in various forms and features, although generally classified as production and marketing contracts. It would be interesting to look at how specific contracts may lead to intensification.
Despite these limitations, our results suggest that CF can play an important role towards agricultural intensification. Faced with a rapidly growing population, which is reducing the available arable land and a concomitant increase in food needs, developing countries can leverage the institution of CF to transform their agricultural production systems towards increased production and productivity, which may also improve food security.
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