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1. Introduction  

Rice is one of the major staple foods in Nigeria; it is the third most popular staple food after cassava and maize, 

consumed across all geographical zones and social-economic classes Dzarm et al (2024). Rice plays a central role in 

household food consumption in many Nigerian home. It has the advantage of easy preparation by young and old. 

According to United State Department of Agriculture (USDA), rice production in Nigeria slowed to 5.23 metric tonnes 

in 2024, down from 5.61 metric tonnes in 2023 and 5.41 metric tonnes in 2022. It was further reported that rice 

consumption in Nigeria annually surpasses seven (7) million metric tonnes over the past five years. Approximately 

7.6 metric tonnes of rice was said to be consumed in 2024, a rise from 7.55 metric tonnes in 2023 and 7.5 metric 

tonnes in 2022. Yet, only about half of this demand is met domestically Premium Time (2025).  

Russon (2019) reported that Nigeria is the country with the highest consumption of rice in the continent, one of the 

largest producer of rice in Africa and the largest rice importers in the world. 

The country’s overdependence on rice importation was noticed as far back as 2017, when just about 3.7 million metric 

tonnes was produced locally Imolehin et al (2018). It is however worth noting that many states in the country now 

grow rice in large quantities. Among these are, Niger, Kebbi, Kano, Kaduna, Benue, Ebonyi, Kogi, Jigawa, Cross 

Rivers, Ogun, and Ekiti state. Currently, most of the farmers producing rice predominantly use traditional methods, 

which often result in low and poor yields. To enhance productivity of rice in Nigeria, Dzarm et al (2024) observed that 

adopting improved varieties of rice and having good knowledge of the rice economy is of paramount importance. 

Availability of quality and adequate farm input is another impetus towards improving production level of rice. Daniel 

and Afofum (2019) identified the basic cost inputs in the cultivation of rice as: the cost for fertilizer, pesticide, 

insecticide, herbicide, irrigation, hired labor, seed and seedling. Scarcity of resources to acquire necessary inputs 
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 A B S T R A C T 

This research work aimed at optimizing rice production in Nigeria using linear 

programming approach. Data were collected from Rabba farm in Mokwa Local 

Government Area of Niger State. Five varieties of rice namely; Gwali (R1), 

FARO 44, FARO 68, FARO 61 and Ebangichi commonly grown by the farmers 

in the community were selected for the work. The computation of results to 

identify the variety of rice with high and low yield was done with the use of 

MATLAB. The results revealed that both Gwali (R1) and Faro 68 have the 

tendency of producing higher yield, followed by FARO 61 and Ebangichi, while 

FARO 44 produced relatively low yield. The maximum profit attained was 

#14,510,580.89. Sensitivity analysis was carried out to investigate the impact 

of change in parameter value (price) on the profit of the variety with lower yield 

(faro 44). The sensitivity analysis revealed also that faro 44 still has the 

tendency of producing lower yield, with Faro 68 and Gwali (R1)  having the 

tendency to produce higher yield with no significant change in the profit of the 

farmers. Sequel to this analysis, farmers in the area are encouraged to grow 

varieties with tendency of higher yield to enhance maximum production with a 

view to satisfying the demand for rice in the area, and the country at large. 
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according toBrechenmacher (2019) is a major contributor topoor rice yield. Despite several efforts put by researchers, 

rice production in Nigeria still fail to meet the country’s demand. Ajiboye et al(2021) used the Johansen error correction 

model to investigate rice yield response in Nigeria.  Putriet al (2018) made use of crop health and soil fertility to 

develop a prediction model for rice production using multiple regression analysis. Abiola et al (2016) carried out 

modification on the Cobb-Douglas production function to determine rice yield in Mada, Malaysia. Their model 

however failed to consider the effect of constraints. Chikezie et al (2020) was able to predict farm-level technical 

efficiency using the Cobb-Douglas production function model. Yahya et al (2024) identified several factors as 

responsible for preventing attainment of optimal rice production level; among these are: environmental variability, 

land use inefficiency and rising cost of production. Using the multivariate linear regression (MLR) method, input 

variables such as rainfall, temperature, humidity, land area used and production cost are responsible to variation in 

optimal rice yield in the country. Sambu and Malik (2025) stated that despite the noble position of India as the second 

largest producer of rice in the World after china, the country still records a low growth rate in productivity of rice. 

Their findings identified over reliance on monsoon rains, regional concentration and climatic shocks as key factors; 

thus recommending the Promotion of drought-resistant and flood-resistant rice varieties. Shikh et al (2016) estimated 

the parameters of the Neo-Classical and Cobb-Douglas production function using Ordinary Least Squre (OLS) method 

to examine determinants of rice production in Jaffarabad district in Balochiston (Pakistan). Their investigation revealed 

that, explanatory factors; capital, labor, education, availability of credit loan and farm size have positive effect on rice 

output, while farmer’s experience and cost of input do not. 

Ingio et al (2024) adopted the Multilinear Regression (MLR) coupled with Recursive Future Elimination (RFE) to 

predict rice yield in Adamawa and Cross River states of Nigeria.  Despite the significant contributions from these 

studies, rice production in Nigeria remains insufficient to meet the demand.  

Linear programming kind of optimization model has been found useful in several arears of human endearvour. Aliu et al 

(2024) employed linear programming to determine efficiency level for power distribution in Ilorin metropolis. The same 

programming method was carried out to minimize the cost of pig feeds in Nigeria. Aliu et al (2023). Siddharth et al (2025) 

used linear programming model to increase profit at Sunshel Textiles, a garment manufacturing company in Gujarat, 

India. Linear Programming model was also developed for optimization of product mix and profit maximization by 

Kalwaret al (2022). The research was conducted at ABC Leather Footwear Company of Lahore, Pakistan. Their findings 

revealed that a 25% reduction in production lead to 39% additional profit to the company, when linear programming 

method was used. 

Thus, the development of a comprehensive rice yield model that incorporates rice input variables and production 

constraints could significantly enhance rice productivity in the country. The aim of this research is to construct linear 

programming model for rice production with a view to identify high and low yielding varieties and varieties with low 

cost of production in the study area. 

2 MATERALS AND METHODS 

2.1 Study Area 

This study was conducted at Rabba Community in Mokwa local government area of Niger state, Nigeria. The 

community is on Latitude   9017𝐼0𝑁, 50 31 0E. Rainfall is steady and evenly distributed, usually between May and 

November, varying from 1,100mm to 1,600mm. Its maximum temperature is normally 37oC which is recorded 

between March and June, while minimum temperature is around 210𝐶 recorded between December and January.  

 

2.2 Materials 

Single sample technique was used in the study. Five (5) varieties of both local and improved rice namely; Gwali (R1), 

FARO 44, FARO 68, FARO 61, and Ebangichi were used, with rice farmers  selected based on the variety of rice 

produced and thesize of their farms.  

2.3 Data collection 

Fifteen (15) farmers were engaged in oral interview individually and separately to get information on the cost involved 

in the rice production from the process of land preparation, cost of seed/seedling, cost of fertilizer and application, cost 

of chemicals and application, cost of Irrigation,  harvesting and the profit made from the sales.  

2.4 Data analysis 
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 Collected data was subjected to analysis using Linear Programming Model developed to identify the most 

yielding variety for optimum production. 

 

 

 

 

 

 

 

 

 

 

 

2.5 DATA DESCRIPTION 

Data on the optimization of rice production in Nigeria was collected for use in this study. Linear programming 

technique was employed to determine varieties of rice that farmers in the study area can rely on for customer 

satisfaction and profit making. 

 

 

 

 

 

 

 

 

Fig1: Map of the Study Area 

 

  

 2.6 LINEAR PROGRAMMING MODEL FOR OPTIMIZATION OF RICE 

PRODUCTION 

The linear programming model states as follows: 

Optimize 

Z = c1x1 + c2x2 + c3x3 + c4x4 + c5 
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Subject to: 

a11x1 + a12x2  + a13x3 + a14x4 + a15x5 ≤ b1 

a21x1 + a22x2  + a23x3 + a24x4 + a55x5 ≤ b2 

a31x1 + a13x2  + a33x3 + a34x4 + a35x5 ≤ b3 

a41x1 + a42x2  + a43x3 + a44x4 + a45x5 ≤ b4 

a51x1 + a52x2  + a53x3 + a54x4 + a55x5 ≤ b5 

𝑥𝑖 ≥ 0;  𝑖 = 1(1)5 

 

Where 

xi =Tendency that type i rice gives higher profit. 

cj =Profit realized from the sale of type jrice. 

𝑎1𝑗 = Cost of fertilizer used to grow type j rice. 

𝑎2𝑗 =Cost of chemical used to control insects and pests affecting type j rice grown. 

𝑎3𝑗 = Cost of irrigation to grow type j rice. 

𝑎4𝑗 =  Transportation cost on type j rice growing. 

𝑎5𝑗 = Cost of harvesting type j rice.  

𝑎6𝑗 =Cost of Land preparation to grow type j rice. 

a7j = Cost of seed/seedling for type j rice grown. 

a8j =Cost of fertilizer application for growing type j rice. 

bj =Total average cost for each identified eight areas of facilitating growth and production of the five 

varieties of rice in the study area. 

 2.6 SIMPLEX METHOD 

The Simplex Method: This is a computational approach for solving linear programming problem consisting of 

many variables. 

Using this method, the following algorithm will be adopted. 

i. If the problem is of minimization, we convert it to maximization problem by multiplying the objective function 

Z by (−1); 

ii. Ensure that all 𝑏𝑗𝑠are  positive; 

iii. Convert all inequalities to equalities by adding slack variables or subtracting surplus variables; 

iv. Find the starting basic feasible solution; 

Construct the starting simplex table as follows. 

 

BV CV X1 X2 X3 … 𝐗𝐧 𝐗𝐧+𝟏 𝐗𝐧+𝟐 ,,       𝐗𝐛 

Xn+1 0 a11 a12 a13 … a1n 1 0        b1 

Xn+2 0 a21 a22 a23 … a2n 0 1        b2 

Xn+3 0 a31 a32 a33 … a3n 0 0 1 0      b3 
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v. Test for the optimality of the Basic Feasible Solution (BFS) by computing 𝑍𝑗 − 𝐶𝑗, if 

𝑍𝑗 − 𝐶𝑗 ≥ 0 , then the solution is optimal. Otherwise go to step vii. 

vi. Improve on the BFS’ by identifying the incoming and outgoing vectors. The incoming vector is the variable 

which corresponds to the greatest minimum value of 𝑍𝑗 − 𝐶𝑗 , while the outgoing vector is the variable which 

corresponds to the smallest ratio  
𝑏𝑗

𝑎𝑖𝑗
 for all 𝑎𝑖𝑗 >0 along the incoming vector row. 

vii. Ensure that the pivotal element becomes a unity, with all other elements along the pivotal column zero. We obtain 

the next table by using row reduced operation. 

viii. Test for the optimality, if not optimal, go back to step vii. 

 

3 RESULTS AND DISCUSSION 

The result on table 1 shows that Ebangichi has the  highest cost of production, followed closely by Gwail  (Ri), 

FARO 61, FARO 68 and FARO 44. The Constraints, Fertilizer had the highest cost across the varieties while 

its application had the least cost of ₦34,500 across the varieties.  

 

 

Table1: Data on the cost of production of the selected varieties of rice 

Constraints 
Varieties of Rice 

Total Cost 
Gwali(R1) Faro 44 Faro 68 Faro 61 Ebangichi 

Fertilizer cost 134,000 100,000 134,000 133,000 122,000 623,000 

Chemical cost 21,600 7,900 12,000 17,000 24,000 82,500 

Irrigation cost 25,000 17,000 15,000 18,000 28,000 103,000 

Transportation cost 22,400 - - 25,600 20,000 68,000 

Harvesting cost 20,000 35,000 45,000 40,000 38,000 178,000 

Land preparation cost 55,000 33,000 35,000 36,000 40,000 199,000 

Cost of seed/seedlings 44,000 22,000 33,000 33,000 66,000 198,000 

Cost of fertilizer App 6,500 5,000 8,500 8,000 6,500 34,500 

Total cost  328,500 216,900 282,500 310,600 344,500  

 

Table 2: Proceed from the sale of each category of rice harvested 

 

 

. 

. 

Xn+m 0 am1 am2 am3 … amn 0 0 0 0 0 1    bm 

 Zj 0 0 0 … 0 0 0 0 0 0 0 0    

 Cj c1 c2 c3 … - - - - - - - Cn    

 Zj

− Cj 

-c1 -c2 -c3 … - - - - - - - - - C

n 

 

  

Rice Categories Number of bag produced Price per bag Total sales 

Gwali(R1) 45 76,000 3,420,000 

FARO 44 35 50,000 1,750,000 

FARO 68 43 80,000 3,440,000 

FARO 61 48 74,625 3,582,000 

Ebangichi 52 65,000 3,380,000 
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Table 3 depicts the selling price, cost price, and profit realized from sales of produce. Higher profit was recorded 

from the sales of FARO 61 (₦3,271,400), followed by FARO 68 (₦3,157,500) while FARO 44 gave the least profit 

of (₦1,533,100). 

 

Table 3 Profit for each variety of rice 

 

Name Selling Price Cost price Profit 

Gwali (R1) 3,420,000 328,500 3,091,500 

FARO 44 1,750,000 216,900 1,533,100 

FARO 68 3,440,000 282,500 3,157,500 

FARO 61 3,582,000 310,600 3,271,400 

Ebangichi 3,380,000 344,500 3,035,500 

 

Table 3 shows the profit realized from each variety of rice produced.  

The Linear Programming Model depicts as follows: 

Max Zp= 3,091,500𝑥1+ 1,533,100 𝑥2+ 3,157,500 𝑥3+ 3,271,400𝑥4+ 3,035,500𝑥5  

 (2) 

Subjectto 

134,000 𝑥1+ 100,000 𝑥2+ 134,000 𝑥3+ 133,000 𝑥4+ 122,000𝑥5≤ 623,000 

 (3) 

21,600𝑥1+ 7,900 𝑥2+ 12,000 𝑥3+ 17,000𝑥4+ 24,000 𝑥5≤ 825,000  

 (4) 

25,000 𝑥1+ 17,000 𝑥2+ 15,000 𝑥3+ 18,000 𝑥4+ 28,000 𝑥5≤ 103,000  

 (5) 

22,400 𝑥1+ 0𝑥2 + 0𝑥3 + 25,600 𝑥4+ 20,000𝑥5≤ 68,000  

 (6) 

20,000𝑥1+ 35,000 𝑥2+ 45,000𝑥3+ 40,000 𝑥4+ 38,000 𝑥5≤ 178,000  

 (7) 

55,000𝑥1+ 33,000 𝑥2+ 35,000 𝑥3+ 36,000 𝑥4+ 40,000 𝑥5≤ 196,000  

 (8) 
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44,000 𝑥1+ 22,000𝑥2+ 33,000 𝑥3+ 33,000𝑥4+ 66,000 𝑥5≤ 198,000  

 (9) 

6,500𝑥1+ 5,000 𝑥2+ 8,500 𝑥3+ 8,000𝑥4+ 6,500 𝑥5≤ 34,500  

 10) 

𝑥𝑖 ≥ 0, i = 1(1)5 

Introducingslack variables, we obtain 

Max Zp= 3,091,500 x1 + 1,533,100 x2 + 3,157,500 x3 + 3,271,400 x4 + 3,035,500 x5(11) 

Subject to 

134,000 x1 + 100,000 x2 + 134,000 x3 + 133,000 x4 + 122,000 x5 + x6 = 623,000(12)  

21,600x1 + 7,900 x2 + 12,000 x3 + 17,000 x4 + 24,000 x5 + x7 = 825,000(13) 

25,000 x1 + 17,000 x2 + 15,000 x3 + 18,000 x4 + 28,000 x5 + x8 = 103,000                                (14)  

22,400 x1 + 0 x2 + 0 x3 + 25,600 x4 + 20,000 x5 + x9 = 68,000(15) 

20,000 x1 + 35,000 x2 + 45,000 x3 + 40,000 x4 + 38,000 x5 + 𝑥10 = 178,000                              (16)  

55,000 x1 + 33,000 x2 + 35,000 x3 + 36,000 x4 + 40,000 x5 + 𝑥11 = 196,000                               (17)  

44,000 x1 + 22,000 x2 + 33,000 x3 + 33,000 x4 + 66,000 x5 + 𝑥12 = 198,000                              (18)  

6,500 x1 + 5,000 x2 + 8,500 x3 + 8,000 x4 + 6,500 x5 + 𝑥13 = 34,500                                            (19)  

𝑥𝑖 ≥ 0,  i = 1(1)13 

 

 

 

 

 

 

INITIAL SIMPLEX TABLE  

BV CV 𝑋1 𝑋2 𝑋3 𝑋4 𝑋5 𝑋6 𝑋7 𝑋8 𝑋9 𝑋10 𝑋11 𝑋12 𝑋13 𝑋𝐵 

𝑋6   0 134000 100000 134000 133000 122000 1 0 0 0 0 0 0 0 623000 

𝑋7  0 21600 7900 12000 17000 24000 0 1 0 0 0 0 0 0 825,000 

𝑋80 25000 17000 15000 18000 28000 0 0 1 0  0 0 0 103,000 

𝑋9  0 22400 0 0 25600 20000 0 0 0 1 0 0 0 0 68,000 

𝑋10  0 20000 35000 45000 40000 38000 0 0 0 0 1 0 0 0 178,000 

𝑋11  0 55000 33000 35000 36000 40000 0 0 0 0 0 1 0 0 196,000 

𝑋12  0 44000 22000 33000 33000 66000 0 0 0 0 0 0 1 0 198,000 

𝑋13  0 6500 5000 8500 8000 6500 0 0 0 0 0 0 0 0 34,500 

Zj 0 0 0 0 0 0 0 0 0 0 0 0 0  

Cj 3091500 153310

0 

3157500 327140

0 

303550

0 

0 0 0 0 0 0 0 0  

Zj-Cj -

3091500 

-153310 -3157500 -

327140

0 

-

303550

0 

0 0 0 0 0 0 0 0  

Figure 3.1: Initial Simplex Tableau  

 

The Solution is not optimal, Hence 𝑥9 leaves the basis while 𝑥4 enters. The pivot element is 25,600 
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The first iteration table in the linear programming optimization process was carefully computed and tested for 

optimality of the basic feasible solution (BFS) by computing δj= Zj− Cj. Since δjis not positive, shows that 

the solution is not optimal. We further compute the result using MATLAB. The software indicted that the 

optimal solution is attained at the 8th iteration with the following results: 

 

𝑥1 = 1.479737545371131 

𝑥2 = 0.000000000000004 

 

𝑥3 = 1.624183319373078 

𝑥4 =0.785509154002506 

𝑥5 =0.737242232061000 

𝑍𝑃 =#14,510,580.89 

 

4 SENSITIVITY ANALYSIS 

Sensitivity analysis was carried out to determine the impact of change in parameter values in the objective function 

and or the constraints on linear programming model. It is a technique used to examine how change in input parameters 

or variables affects the output of a model or system.  

We consider an increase in the price of FARO 44 rice variety from #50,000 to #60,000 leaving prices of other varieties 

unchanged. The effect of this change can be found on table 4.  

 

Table 4: Effect of change in price of Rice variety 

 

 

‘ 

 

 

 

The new objective function reads: 

 Max 𝑍𝑝= 3,091,500𝑥1+ 1,883,100 𝑥2+ 3,157,500 𝑥3+ 3,271,400𝑥4+ 3,035,500𝑥5 

. 

While the MATLAB result indicates as follows: 

 

 

𝑥1 = 1.479737545009269 

𝑥2 = 0.000000014293694 

𝑥3 = 1.624183316108073 

𝑥4 = 0.785509159500268 

𝑥5 = 0.737242218181165 

 

 

 

ZP = #14510580.89 
 

5 DISCUSSION 

In this study, five varieties of rice commonly grown by farmers in Rabba area of Mokwa Local Government Area of 

 

  

Rice Categories Number of bag produced Price per bag Total sale Total profit 

Gwali(R1) 45 76,000 3,420,000 3,091,500 

Faro 44 35 60,000 2,100,000 1,883,100 

Faro 68 43 80,000 3,440,000 3,157,500 

Faro 61 48 74,625 3,582,000 3,271,400 

Ebangichi 52 65,000 3,380,000 3,035,500 
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Niger State were considered, with a view to identify the highly producing ones that maximizes the profit margin of the 

farmers. The cost involved from planting stage to marketing of the product was identified for all the varieties of rice 

in the study area. Total profit after sales was determined for each variety. The data was modelled in linear programming, 

consisting of both the objective functions and the constraints. The model was subjected to analysis using MATLAB 

solver. The result revealed that, FARO 44 has the tendency of producing lower yields compared to others. Faro 68 

followed by Gwali (𝑅1) have positive contribution to the profit of the farmers, approximated to #14,510,580.89. The 

sensitivity Analysis further indicated that FARO 68 and Gwali (𝑅1) surperssed others in contributing to the objective 

function. While FARO 44 was still at the base of contribution to the farmer’s profit. 

 

6 CONCLUSION 

This study aimed at developing an optimization model to identity the variety of rice with higher yield and lower yield 

respectively. The adoption of MATLAB software to solve the linear programming problem formation using data 

collected from rice producing farmers in Rabba area of Mokwa local government, Niger state, enhanced easy 

identification of the research objective. 

Sequel to the results obtained in the analysis, it becomes highly relevant to state that:  

FARO 68 Rice out performs other varieties in terms of yield, with an increase yield of about 34% compared 

to others. 

Farmers are advised to consentrate on the growing of Rice varieties with higher tendency for better yield. If 

they must engage in production of low yielding varieties, there should be an upward review of the selling 

price. 

It could therefore be concluded that farmers should be encourage to cultivate FARO 68 variety due to its 

higher yielding potential. 
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APPENDIX 

 

MATLAB RESULT 

Optimization terminated. 

 

x = 

 

   1.479737545371131 

   0.000000000000004 

   1.624183319373078 

   0.785509154002506 

   0.737242232061000 

fval = 

 

   -1.451058089426032e+007 

 

 

exitflag = 

 

 

     1 

 

 

output =  

 

iterations: 8 

algorithm: 'large-scale: interior point' 

cgiterations: 0 

message: 'Optimization terminated.' 

constrviolation: 2.619344741106033e-010 

 

>> 

 

MATLAB CODE FOR THE MAIN RESULT 

formatlong 

symsabxf 

f=[-3091500 -1533100 -3157500 -3271400 -3035500]; 

a=[134000 100000 134000 133000 122000; 21600 7900 12000 17000 24000; 25000 

17000 15000 18000 28000; 22400 0 0 25600 20000; 20000 35000 45000 40000 38000; 

55000 33000 35000 36000 40000; 44000 22000 33000 33000 66000; 6500 5000 8500 

8000 6500; -1 0 0 0 0; 0 -1 0 0 0; 0 0 -1 0 0; 0 0 0 -1 0; 0 0 0 0 -1]; 

b=[623000;82500;103000;68000;178000;196000;198000;34500;0;0;0;0;0]; 

lb=[0 0 0 0 0]; 

[xfvalexitflag output]=linprog(f,a,b,[],[],lb) 

 

 NEW 2 

MATLAB RESULT FOR SENSITIVITY ANALYSIS 

Optimization terminated. 

 

x = 
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   1.479737545009269 

   0.000000014293694 

   1.624183316108073 

   0.785509159500268 

   0.737242218181165 

 

 

fval = 

 

   -1.451058088560195e+007 

 

 

exitflag = 

 

     1 

 

 

output =  

 

iterations: 7 

algorithm: 'large-scale: interior point' 

cgiterations: 0 

message: 'Optimization terminated.' 

constrviolation: 0 

 

>> 

 

MATLAB CODE FOR THE SENSITIVITY ANALYSIS 

formatlong 

symsabxf 

f=[-3091500 -1883100 -3157500 -3271400 -3035500]; 

a=[134000 100000 134000 133000 122000; 21600 7900 12000 17000 24000; 25000 

17000 15000 18000 28000; 22400 0 0 25600 20000; 20000 35000 45000 40000 38000; 

55000 33000 35000 36000 40000; 44000 22000 33000 33000 66000; 6500 5000 8500 

8000 6500; -1 0 0 0 0; 0 -1 0 0 0; 0 0 -1 0 0; 0 0 0 -1 0; 0 0 0 0 -1]; 

b=[623000;82500;103000;68000;178000;196000;198000;34500;0;0;0;0;0]; 

lb=[0 0 0 0 0]; 

[xfvalexitflag output]=linprog(f,a,b,[],[],lb) 


