Influence of Fertilizer Subsidy Policy on Land Allocation for Rice Production in 
Western Kenya

.ABSTRACT 
	[bookmark: _GoBack]This study examines how Kenya’s fertilizer subsidy policy influences land allocation for rice cultivation among smallholder farmers in Kisumu and Busia Counties, Western Kenya. A cross-sectional research design was employed targeting 480 smallholder farmers, which were randomly selected in the study area. Primary data was collected using structured questionnaires with farmers and key informant interviews. Secondary data was obtained from government publications.  After adjusting for labor inputs and irrigation status, land distribution patterns were analyzed under various fertilizer use categories, namely; subsidized, unsubsidized, both, or none. The statistical techniques (descriptive analysis, Cobb-Douglas production function, and non-parametric tests (Kruskal-Wallis, Mann-Whitney U)) revealed that land use was dominated by rice (62%) as opposed to maize (37%).  Farmers who used only one category of fertilizer, allocated 1.70-1.31 acres of land, while farmers who used both subsidized and unsubsidized fertilizer categories dedicated a much larger amount of land of 1.91 acres to rice cultivation. Irrigated ecosystems had significantly larger rice acreage (2.25 acres) than rain-fed ecosystems (1.64 acres) which were significantly different (P=0.005). The results indicated that land allocated to rice production was greatly influenced by access to both fertilizer categories ( a combination of subsidized and unsubsidized).   
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1. INTRODUCTION
In Kenya, rice is one of the most important crops, and it comes after maize and wheat. Nevertheless, the production does not match the constantly increasing demand, which grows by 12 % each year, leaving the country with no other choice but to resort to expensive imports (Republic of Kenya, 2020). The smallholder farmers that constitute the majority of the players in the Kenyan rice sector have massive challenges, as the costs of inputs are high, especially for fertilizer, thereby reducing productivity and profitability (Olembo et al., 2010). To overcome this challenge, the Kenyan government came up with the idea of the National Fertilizer Subsidy Program (NFSP), which could help lower production costs and secure food security. Although earlier works have studied the impacts of fertilizer subsidies on yield and profitability, they have not specifically studied the impact of fertilizer subsidies on land allocation decisions of the country's smallholder rice farmers.

Rice cultivation is a dominant economic activity in Western Kenya, especially in Kisumu and Busia counties, and on average, it keeps thousands of households economically engaged. Farmers, however, tend to reserve little land for rice because of high production costs, opportunity costs for other crops, and inefficiency in the distribution of inputs. It is essential to understand the impacts of subsidized fertilizers in land-use decisions to optimize agricultural policies and sustainable intensification (Adiraputra & Supyandi, 2021). This paper examines whether subsidized fertilizer prices encourage farmers to increase the acreage under rice production or not; because of structural constraints, including inefficiencies in distributing fertilizers, lack of irrigation, and poor extension facilities.

This study will reveal the impact of fertilizer subsidies on land allocation by studying farm-level data of 480 smallholder farmers. The results of this study will provide policymakers with insight into improving and streamlining the subsidy program to get the best out of it and end up achieving Kenya's food security objectives as part of Vision 2030 and the Agricultural Sector Development Strategy (ASDS, 2020). 
Although the profitability of rice production in Kenya has been confirmed in the existing research literature, there exists critical gaps on the impact of fertilizer subsidies on land allocation decisions. Even though Nkuba et al. (2016) emphasized the potential of productivity, they lacked the analysis of the change in acreage associated with subsidy policy. Kenya has 1,540,000 hectares of potential rain-fed and irrigable land (Muhunyu, 2012). The growth of its rice sector is also premised on how fertilizer subsidies can be used to change the incentives attached to land use. Previous studies regarding New Rice for Africa (NERICA) varieties (KALRO, 2009) paid little attention to acreage effects, only concentrating on yields. They did not quantify the extent to which the fertilizer subsidies had on encouraging smallholder farmers to increase rice production in Western Kenya, where competing crops occupy small land areas. This paper will bridge that gap by determining the relationship between access to subsidies and amount of rice land under irrigated/rain-fed cultivation, and analyzing inefficiencies of the distribution channels as limitation to allocation of land where labor is used in conjunction with subsidized inputs. The results will be used to develop policies that can make best use of land to meet the objectives of the vision 2030 by explaining how fertilizer subsidies can be used to reallocate land to rice production, most efficiently in the high potential areas.

methodology
2.1 Study Design
This study adopted a cross-sectional research design to examine the relationship between fertilizer subsidy policies and land allocation for rice production in Kisumu and Busia Counties. The design allowed for data collection at a single point in time while capturing variations across different ecosystems (irrigated vs. rain-fed). 

2.2 Study population
The population (N) in the study area of Kisumu County (Nyando Sub County) was 178,246, while Busia County (Bunyala Sub County) was 46,320).

2.3 Sampling Approach
Multi-stage sampling was used to select two Locations from two Wards in each selected Sub- County in the target County. The target Counties (Kisumu and Busia) were purposively selected. The criteria of selection were existence of improved rain-fed and irrigated rice farms. A sampling frame was obtained from Ministry of Agriculture at Sub County, Ward and Location levels.  Simple random sampling techniques was used to select sampling units. The sampling unit was the household. A household in this study was referred to as a single person or group of persons who live and eat together and share common living arrangements i.e. share expenses. The sample size was determined using Glenn D Israel’s formula (2008).

Glenn D Israel’s formula specification:
 n = [N/ (1+N (e2)], 
[bookmark: _Hlk204289463]The population (N) in the study area of Kisumu County (Nyando Sub County) was 178,246, while Busia County (Bunyala Sub County) was 46320). The population totaled 224566 which   with, with a precision (e) of 5% (0.05) and 95% level of confidence gave a sample size of 480. 
The sample was distributed among the study units using probability proportional to size (PPS) approach according to Hansen et al (1943) and quoted by Iffat Khawaja (2005). The technique allowed sample size to be distributed according to the population of farmers in each study unit (location) using the formula below:		
 , where ni is the sample size for i-th study unit population, Zi is sample frame for i-th study unit population and n is the sample size for the whole population. Using the formular Kisumu County was allocated a sample size of 381 while sample size allocated to Busia County was 99. 

2.3 Data Collection Methods
The study employed a multi-method approach to data collection, combining primary and secondary sources. Structured questionnaires were administered through face-to-face interviews with 480 smallholder farmers, gathering detailed information on land allocation patterns, fertilizer usage (subsidized, unsubsidized, both, or none), production costs, and yield measurements. Secondary data from the Ministry of Agriculture, KALRO, and county reports provided contextual information and historical trends. This triangulation of methods ensured comprehensive data collection while enhancing the study's validity through multiple verification sources.

2.4 Variables
The dependent variable was land allocated to rice (acres). At the same time, the independent variables included fertilizer use categories (subsidized, unsubsidized, combined, none), the farming ecosystem (irrigated/rain-fed), and socio-economic factors (farm size, labor, access to extension services).

2.5 Analytical Techniques
The study employed robust analytical techniques to examine the relationship between fertilizer use categories and land allocation. Descriptive statistics provided an overview of land use patterns and farmer demographics. For inferential analysis, the Cobb-Douglas production function assessed input elasticity, particularly, how fertilizer use category influenced land allocation. Multiple regression analysis quantified subsidy impacts while controlling for labor inputs and ecosystems (irrigated vs rain-fed). Non-parametric tests (Kruskal-Wallis and Mann-Whitney U) compared median land allocations across different fertilizer use categories, accommodating non-normal data distributions. Finally, Data Envelopment Analysis (DEA) evaluated the efficiency of subsidy distribution systems. This multi-faceted analytical approach enabled a comprehensive assessment of both direct effects and systemic efficiency in fertilizer subsidy implementation.

2.6 Validity and Reliability
To ensure data quality, the study implemented rigorous validity and reliability measures. A pilot test with 30 farmers refined questionnaire clarity and consistency before full deployment. Cronbach's alpha (α=0.70) verified internal reliability for Likert-scale items measuring farmer perceptions. Three agribusiness specialists who evaluated question relevance and coverage of key constructs established content validity through a comprehensive review. These methodological safeguards strengthened the study's credibility by minimizing measurement errors and ensuring the instruments accurately captured the intended variables related to fertilizer subsidy impacts.

3.0 results and discussion
3.1 Results
[bookmark: _Toc1548][bookmark: _Toc197447021]3.1.1 Land allocation to various enterprises
The farmers’ land size ranged from 0.25 to 25 acres (an average land size of 2.5 acres), suggesting a relatively large number of smallholder farmers in western Kenya (Table 1). The respondent’s farming activities were diversified, with 62% of farmers producing rice, followed by maize at 37%. Sorghum, sugarcane, and other crops were, however, grown by significantly fewer farmers. It is postulated that a farmer’s decision on land allocation is influenced by the value of each enterprise on his farm. Farmers in western Kenya grow multiple crops; hence, land allocation to rice is likely to be directly affected by resources at the farmer's disposal and the value of the produce. Rice, as the main cash crop, is expected to receive greater land allocation. Table 1 below shows land allocation to various crops in Western Kenya.



Table 1.	Mean Land allocation to rice and other crops in Western Kenya
	Crop
	Period 2022/23
	Period 2023/2024
	Mean Change

	
	Obs
	Min
	Max
	Mean
	Std
	Obs
	%
	Min
	Max
	Mean
	Std
	+

	Rice
	135
	0.08
	4.6
	1.07
	0.6
	135
	35
	0.15
	4;5
	1.04
	0’7
	+

	Maize
	169
	0.09
	4.8
	1.05
	0.67
	169
	36.9
	0.01
	5
	1.06
	0.66
	+

	Sorghum
	35
	0.01
	2.5
	0.93
	0.63
	35
	7.7
	0.25
	3.6
	1.02
	0.74
	+

	Sugarcane
	21
	0.5
	3
	1.01
	0.52
	21
	4.6
	0.25
	3
	1.05
	0.54
	+

	Other crops
	40
	0.09
	1.8
	0.56
	0.39
	40
	8.8
	0.01
	1.8
	0.53
	0.41
	-

	Vegetables and fruits 
The mean land size owned by farmers is 2.49±2.28 acres with a range of (0.25 – 25) acres. 
	


[bookmark: _Toc6497][bookmark: _Toc198113864][bookmark: _Toc197527774]

[bookmark: _Toc5051]Figure 1: Land allocation to rice and other crops

3.1.2 Area under rice cultivation by ecosystems
[bookmark: _Toc197527776][bookmark: _Toc198113866][bookmark: _Toc5785]Results in Table 2 indicate that there was no significant difference in acreage put under rice cultivation in irrigated ecosystems between farmers (N=62) using both fertilizer categories (2.09 acres) and farmers (N=62) using subsidized fertilizer (2.02 acres). Respondents (N=112) using unsubsidized fertilizer reported a mean acreage of 1.31 acres, which was not significantly different from the mean acreage of 1.82, reported by respondents (N=14) who did not use fertilizer in the irrigated ecosystem. Rain-fed rice farmers using various fertilizer categories reported mean acreage values which were not significantly different. Overall, there was no significant difference in acreage between farmers (N=88) using both categories (1.91) and farmers (N=129) using subsidized fertilizer categories with a mean acreage of 1.70. Farmers (N=18) who did not use fertilizer reported a mean acreage of 1.64, which was not significantly different from farmers (N=154) using the unsubsidized fertilizer category with a mean acreage of 1.31.

[bookmark: _Toc17245]Table 2:  Overall acreage under rice cultivation by ecosystems
	Fertilizer category
	Irrigated
	
	Rain fed
	
	Overall

	
	N
	acreage
	SSDd
	
	N
	Acreage
	SD
	
	N
	Acreage
	SD

	Both Sub and Unsub
	62
	2.02a
	1.25
	
	26
	1.64a
	1.30
	
	88
	1.91a
	1.27

	Subsidized
	62
	2.09a
	1.30
	
	67
	1.34a
	0.69
	
	129
	1.70a
	1.09

	Unsubsidized
	112
	1.31b
	0.72
	
	42
	1.29a
	1.13
	
	154
	1.31b
	0.85

	None
	14
	1.82ab
	0.82
	
	4
	1.00a
	0.00
	
	18
	1.64ab
	0.80

	Mean
	
	1.71A
	
	
	
	1.37B
	
	
	
	1.59
	

	p-value 
	
	<0.001
	
	
	
	0.38
	
	
	
	<0.001
	

	CV
	
	60.8
	
	
	
	70.3
	
	
	
	63.9
	



[bookmark: _Toc173]3.1.3. Area under rice cultivation by County
[bookmark: _Toc198113868][bookmark: _Toc20764][bookmark: _Toc197527778]Results in Table 3 indicate that there was a significant difference (p=0.01) in mean acreage put under rice cultivation in the irrigated ecosystem in Busia and Kisumu Counties. Farmers (N=27) using the subsidized category in irrigated ecosystem reported significantly larger mean acreage of 2.47 compared to other Categories. Non-fertilizer users (N=2) in Busia County reported an insignificant but larger mean acreage of 2.25 compared to both (N=34) with a mean acreage of 1.83 and unsubsidized (N=24) with a mean acreage of 1.51. In Kisumu County, Farmers (N=28) using both fertilizer categories in irrigated ecosystems reported significantly larger mean acreage of 2.25. Farmers (N=35) reported that the second largest acreage was 1.80, and it was put under an irrigated ecosystem in Kisumu County. There were no farmers in Busia County using both fertilizer categories under the rain-fed ecosystem. Farmers using other categories did not report a significant difference in mean acreage. Subsidized fertilizer users (N=6) reported a mean acreage of 1.05, followed by non-fertilizer users (N=14), 1.0 acres and unsubsidized users (N=14), reporting 0.79 acres. In Kisumu County, farmers (N=26) using both categories reported an insignificantly larger mean acreage of 1.64, put under rice cultivation in a rain-fed ecosystem, followed by unsubsidized (1.54), subsidized (1.37) and non-fertilizer (1.0).  



[bookmark: _Toc31860]Table 3: Area under rice cultivation by County 
	Fertilizer category
	Busia
	Kisumu 
	Overall

	
	Irrigated
	Rain-fed
	Irrigated
	Rain-fed
	

	
	N
	acreage (SD)
	N
	acreage (SD)
	N
	acreage (SD)
	N
	acreage (SD)
	N
	acreage (SD)

	Both sub and unsub
	34
	1.83 (0.98) ab
	0
	-
	28
	2.25 (1.50) a
	26
	1.64 (1.30) a
	88
	1.91 (1.27) a

	Subsidized
	27
	2.47 (1.30) a
	6
	1.05 (1.46) a
	35
	1.80 (1.25) ab
	61
	1.37 (0.58) a
	129
	1.70 (1.09) a

	Unsubsidized
	24
	1.51 (0.56) b
	14
	0.79 (0.26) a
	88
	1.26 (0.75) b
	28
	1.54 (1.31) a
	154
	1.31 (0.85) b

	Non
	2
	2.25 (0.35) ab
	1
	1.00 (-) a
	12
	1.75 (0.87) ab
	3
	1.00 (0.00) a
	18
	1.64 (0.80) ab

	Mean
	
	1.95
	
	0.87
	
	1.58
	
	1.46
	
	1.59

	p-value 
	
	0.01
	
	0.78
	
	<0.001
	
	0.50
	
	<0.001

	CV
	
	51.3
	
	91.8
	
	65.7
	
	66.7
	
	63.9


                                                        
3.3 Discussion
The study presents vital information about smallholder farmers in Western Kenya (Kisumu and Busia Counties), regarding their decisions on agricultural land use. The prevailing smallholder farming ecosystems exist due to an average farm size of 2.5 acres, which demonstrates alignment with the typical agricultural description of sub-Saharan African rural communities (Saunders et al, 2012). Moreover, results reveal that rice cultivation accounted for 62% of farming activities while maize cultivation amounted to 37%. The total number of farmers who grew sorghum, sugarcane, fruits and vegetables amounted to only a small fraction of the respondents. The data shows that most farmers choose rice cultivation because of its status as a profitable cash crop in the region. Rice cultivation in Kenya has received substantial government backing through irrigation support, along with input subsidies, which motivates farmers to expand their rice cultivation practices further (Takeshima et al, 2021). The farming practices demonstrate utility-maximization principles according to Ricker-Gilbert et al. (2024) because farmers distribute agricultural land to crops that achieve optimal income while dealing with resource limitations, where economic advantages of rice production function as the leading decision factor for land use among farmers.
Between the seasons 2022/23 and 2023/24, the acreage change in land allocation for rice cultivation was insignificant because the mean acreage reached 1.07 acres and stabilized at 1.04 acres. The data indicates that rice continues to hold its value and importance within the farming system. The mean acreage of maize and sugarcane demonstrated parallel stability although sorghum mean acreage increased slightly because environmental changes made these crops more durable (Makate et al., 2012). A breakdown of the data reveals the amount of fertilizer used together with the irrigated versus rain-fed production environment, which determines the area under rice cultivation. The usage of subsidized fertilizers under irrigation led farmers showed increased land allocation by 2.09 acres on average, although unsubsidized fertilizer users produced only 1.31 acres. Research has shown that farming subsidies positively affect smallholder farmers' input usage and productivity (Morris, Kelly, Ron J. Kopicki, & Byerlee, 2007).
Research findings indicated that fertilizer categories did not affect rice growing acreage under rain-fed conditions (p = 0.38). Rain-fed rice farmers view their operations as high-risk and with low expected returns, so expansion of farmland occurs less frequently, regardless of fertilizer consumption. Regression analysis results confirm previous findings since farmers who use unsubsidized fertilizer and practice agriculture in rain-fed conditions exhibit significantly less rice cultivation land. High input costs along with environmental uncertainty act as significant barriers to intensifying rice cultivation under rain-fed farming systems, according to the regression analysis results. Negative relationships were found between environmental uncertainty and input costs and rice acreage, with β = -0.63 and β = -0.32 (P < 0.01).
The acreage under rice cultivation in Busia County differed substantially from the acreage in Kisumu County. The number of people in Busia who used government-subsidized fertilizer in their irrigated area of 2.47 acres increased, showing higher levels of government support absorption. The farmers in Kisumu County who used both subsidized and unsubsidized fertilizer increased subsidized cultivation in their fields by 2.25 acres, which could be related to efficient extension support and expanded resources in this area. The distinct characteristics of each County shape results because county-level policies, market access, and infrastructure variations may play a significant role in this outcome. The investment in irrigation infrastructure by Kisumu County authorities may explain why irrigated systems in this area received larger average rice farming allotments. The variations in spatial conditions call for region-specific solutions to establish fair agricultural potential.
The surveyed farmers demonstrate economic rationality by using land allocation strategies according to their calculated crop value estimates. Among our surveyed farmers, rice receives the most allocated land because it has both high commercial value and public support via irrigation infrastructure and subsidy programs. The main barriers to agricultural development exist among farmers who work with rain-fed cultivation and who cannot afford government-supported farming products, such as subsidized ones (Jayne & Rashid, 2013). Future intervention policies need to enhance irrigation system expansion and improve both the affordability of agricultural inputs and their accessibility.


3.3.1 Policy implications
Although the fertilizer subsidy policy was established to boost agricultural productivity and food security, it has had multi-faceted consequences when it comes to land distribution among smallholder rice farmers in Western Kenya (Kisumu and Busia counties). The research shows that poor performance in the distribution and extension services in government subsidies, is inefficient hence, limits land usage in rice farming.  
First, land use differences have occurred due to unequal access to subsidized fertilizer. Subsidized fertilizer inputs are sometimes hard to acquire on the part of smallholder farmers, as there is systemic corruption and favouritism on the part of the large-scale producers. This would restrict them from accessing subsidized fertilizer which is a hindrance to boosting rice production even with the subsidy policy. The solution to this should include the government tightening the monitoring policies to ensure transparent and equal distribution, whereby the deserving smallholder farmers who depend on rice to earn a living are protected from unscrupulous large scale rice farmers.  Second, delays in the supply of the subsidized fertilizer cause delays in planting, resulting in inefficient land use. Any delay in inputs might cause input-receiving farmers to reduce the area under rice cultivation or replace it with less intensive crops

4.0 Conclusion
This paper offers important insights into the impact of fertilizer subsidy policies on the land allocation among rice farmers in Kisumu and Busia Counties in Western Kenya. The results indicate that, as much as subsidies can be effective in promoting rice production, they have enormous challenges ascribed to their current applications, so they cannot be effective. The study indicates that the farmers with access to both unsubsidized and subsidized fertilizer assign more acres to rice production than farmers with access to a single fertilizer source, implying that secure access to fertilizer would allow increased allocation of land for rice production. 

The above findings point to critical recommendations where the government should institute a digitized, farmer-balanced distribution system focusing on smallholder farmers to boost their accessibility to subsidized fertilizer. Second, further research should be conducted to determine why farmers used both subsidized and unsubsidized fertilizer.
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Mean Land Allocation to Rice and other crops (2021/22 & 2023/24) in Western Kenya
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