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Abstract  
This paper recognizes the fact that agriculture has been the mainstay of the 

nation’s economy as it provides food for the teeming population and raw 

materials for the industries. The obvious remains that mathematics 

application for the development of agriculture becomes imperative and 

worthwhile. This paper therefore focuses on the application of mathematics 

and mathematical models in agricultural development. The study employed 

purposive and cluster sampling techniques.  Data were collected from 450 

respondents in two local government areas in Kaduna state using a well-

structured questionnaire with reliability coefficients of 0.82. The results 

shows that  273 (61%) and 177 (39%) of the 450 respondents were males and 

females respectively;  30 males and 33 females (63, 14%) had below primary 

school education while 83 males and 34 females (117, 25%) had secondary 

education, lastly 85 males and 82 females (167, 37%) schooled beyond 

secondary level. In addition the result shows that out of the research 

population, 50%(225) of which 145 are males and 80 are females, 90%(405) 

of which 225 males and 150 females, 65%(294) of which 214 are males and 

80 are females, 50%(225) with 125 males and 100 females strongly agreed 

with the statements; I love working with figures; mathematics is very useful 

in agriculture, to individual and the nation at large; almost every field of 

human endeavors including agriculture has elements of mathematics; 

inventory in agriculture is mathematically inclined respectively. Furthermore 
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Introduction 
Agriculture has been the mainstay of 

the nation’s economy in Nigeria. It 

provides food for the ever rapidly 

increasing population and raw 

materials for the industries. People 

especially the rural dwellers are 

gainfully employed on their crop 

farms and small scale livestock farms 

for income earning. Realizing that the 

power of any nation lies in her ability 

to feed her citizenry, government has 

been making a lot of efforts to 

improve agriculture in the country in 

the past decades. These have been in 

the area of mounting different 

successive programs such as 

Operation Feed the Nation (OFN) 

Green Revolution Program(GRP) and 

Agricultural Development 

Programs(ADPs). The success of any 

program is hinged on how well 

developed and put in place such 

program is as well as the commitment 

of its operators .It is in the light of the 

above that the development of 

agriculture, a worldwide practice of 

raising crops and animals for 

satisfying human wants (Adedayo, 

1999) becomes imperative and 

worthwhile. This is where science, 

technology and mathematics come in. 

Hence, Ochekliye (2004) in Enemali 

and Adah (2015a) maintained that no 

country in recent age can develop or 

even hope to maintain its existence 

without science, technology and 

mathematics. Agricultural 

development is one of such 

the result shows that 50%(225) with 125 males and 100 females, 60%(270) 

with 150 males and 120 females, 90%(405) with 265 males and 140 females 

and 75%(338) with 178 males and 160 females of the respondents strongly 

agreed that mathematical models are relevant in agriculture; demand and 

supply are example of mathematical models in agriculture; every sector in 

agriculture rely on mathematical models in their operations; mathematical 

models enhanced resource  use efficiency in agricultural practices 

respectively respectively. We therefore recommend that more attention 

should be given to the teaching of mathematics at all level of the Nigeria 

educational system to enhance more success and bountiful output in our 

agricultural sector. 

 

Keywords: Educational Level, Determinant, Mathematics, Mathematical 

Models, Gender 
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developments. It is on this premise that the paper focuses on the concepts of 

mathematics and agricultural development as well as applications of 

mathematics to agricultural development. Concept of Mathematics Johnson and 

Rising (1972) described mathematics as a creation of the human mind, 

concerned primarily with ideas, processes and reasoning. They view it as a way 

of thinking which makes it useful in the solution of all kinds of problems 

(including agricultural development), science and industry.  

Mathematics (Wikipedia,2020)(from Greek μάθημα máthēma, "knowledge, 

study, learning") includes the study of such topics as quantity (number theory), 

structure (algebra), space (geometry), and change (mathematical analysis). It 

has no generally accepted definition. Mathematicians seek and use patterns to 

formulate new conjectures; they resolve the truth or falsity of conjectures by 

mathematical proof. When mathematical structures are good models of real 

phenomena, mathematical reasoning can be used to provide insight or 

predictions about nature. 

Through the use of abstraction and logic, mathematics developed from 

counting, calculation, measurement, and the systematic study of the shapes and 

motions of physical objects. Practical mathematics has been a human activity 

from as far back as written records exist. The research required to solve 

mathematical problems can take years or even centuries of sustained inquiry. 

Rigorous arguments first appeared in Greek mathematics, most notably in 

Euclid's Elements. Since the pioneering work of Giuseppe Peano (1858–1932), 

David Hilbert (1862–1943), and others on axiomatic systems in the late 19th 

century, it has become customary to view mathematical research as establishing 

truth by rigorous deduction from appropriately chosen axioms and definitions. 

Mathematics developed at a relatively slow pace until the Renaissance, when 

mathematical innovations interacting with new scientific discoveries led to a 

rapid increase in the rate of mathematical discovery that has continued to the 

present day. Mathematics is essential in many fields, including natural science, 

engineering, medicine, finance, and the social sciences. Applied mathematics 

has led to entirely new mathematical disciplines, such as statistics and game 

theory. Mathematicians engage in pure mathematics (mathematics for its own 

sake) without having any application in mind, but practical applications for 

what began as pure mathematics are often discovered later 

According to Onoja (1999), mathematics is therefore characterized with clarity 

and precision that enable us to perform computations, solve problems and 
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complete proofs with ease. To Eredugba (1978) in Onoja (1999) mathematics 

is regarded as a ‘tool subject’ because it is useful in the breaking down of verbal 

arguments into concise and consistent forms. Supporting this, Idoko (1999) in 

a study maintains that mathematics provides a powerful technique of analysis 

which can be used to prove or disprove theories in economics; and by extension, 

agricultural development. Ngoka (1993) observed that mathematics as well as 

science and technology is an important sphere in learning which greatly 

influence the level, nature, scope and direction of development of any nation. 

This is because the language of mathematics is regarded by many people as the 

life wire in the studies of various disciplines including agriculture. From the 

foregoing, in all spheres of life, including agriculture, application of 

mathematics has been found to be key (Enemali and Adah, 2015a). Hence, 

Umaru (1995) conceptualized mathematics as a language which provides an 

indispensable means of investigating the nature of things particularly those 

which are dealt with inthe field of science, technology, engineering and 

industry; and by extension agriculture and agricultural development. Concept 

of Agricultural Development is an integral part of science. According to 

Nworah(2015) it involves the cultivation of land, raising and rearing of animals 

for the purpose of production of food for man, feed for animals and raw 

materials for industry. Aboyade in Adedayo(1999) defined development as a 

continuous process of generating and more efficiently allocating resources for 

achieving greater socially satisfying needs. Although a number of views abound 

on agricultural development, Adegeye and Dittoh (1985) taking cognizance of 

a purely subsistence economy, pointed out that agricultural development would 

mean enough food for the people and a marketable surplus produced to increase 

the income of the peasants and that the increased income so generated would 

provide means for them to purchase other necessities of life which they cannot 

produce for themselves. By this means the standard of living of the peasants 

will increase, and underemployment and unemployment will be reduced. They 

pointed out also that there would be an increase in the Gross Domestic Product 

(GDP) since a large proportion of the population depends on agriculture. To 

Adedayo (1999) agricultural development could be viewed as: (a) Increased 

level of farm output where the benefits of such production are shared among 

those who work on the farm and those who otherwise contribute to the increased 

production.(b) Agricultural extension by way of additional lands, additional 

labour and additional capital.(c)Increases in income of people employed in the 
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agricultural sector manifested by their acquisition of modern things. From the 

foregoing the first view of Adedayo (1999) which centers on increased output 

is germane to this discourse. Hence, Adegeye and Dittoh (1985) had earlier 

viewed that for agricultural development to occur, the majority of farmers must 

experience significant improvement in their incomes and standard of living. 

This has underscored the significance of mathematics being a ‘tool subject’ for 

rapid development. Requirements of Agricultural Development 

 According to Adedayo (1999), the following are requirements of agricultural 

development: (a) Marketing: There should be a high demand or consumption 

for agricultural product; marketing entails getting products from farmers to the 

consumers. It enlarges agricultural production as well as facilitating industrial 

growth and bringing greater wealth to the nation. Marketing involves 

transportation, storage, processing and packaging. (b)New Farm Technology: 

Agricultural development requires a research program that is continuously 

generating new agricultural techniques.( c)Purchasable Input: Agricultural 

inputs like seeds, fertilizers, etc should be available at affordable prices to 

farmers, it should also be supplied at the right time and in the right place.( d) 

Incentives to Farmers: Farmers should be motivated towards producing more 

through the provision of price subsidy, fair sharing of farm produce in case of 

share cropping and the goods and services required by farmers should be made 

available for improving their standard of living. (e)Production Credit: Credit to 

farmers is necessary to be able to procure and adapt necessary technologies. A 

major source of credit to farmers is by government and commercial banks which 

are usually not available to farmers because of lack of collateral security and 

default in repayment. These requirements demand one form of mathematical 

application or the other, especially in the area of new farm technology known 

to be the springboard of agricultural development. While acknowledging this 

fact, Ajayi and Imoko (2011) pointed out that without mathematics there is no 

science, without science there is no modern technology and without modern 

technology in our farms and farming activities, the society stands to suffer 

greatly (Enemali and Adah, 2015b).  

 

Research Questions 

The present study was therefore designed to provide answers to these questions 

(i)  To what extent does the gender of the respondents’ acts as determinants of 

application of Mathematics and Mathematical models in agriculture? 
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(ii) What role does educational level of respondents’ play as determinants of 

mathematics and mathematical models application in agricultural practices in 

Kaduna state? 

 

Objectives of the Study 

The broad objective is to examine gender and educational level as determinants 

of mathematics and mathematical models application in agriculture.  

The specific objectives for this study are: To determine  

((i) what extent does the gender of the respondents acts as determinants of 

application of Mathematics and Mathematical models in agriculture 

(ii) What role does educational level play as determinants of mathematics and 

mathematical models application in agricultural practices in Kaduna State? 

 

Literature Review 

Some Applications of Mathematics for Agricultural Development. 

Ochekliye (2004) in Enemali and Adah (2015a) underscored the significant role 

of mathematics in various human endeavors when he stressed that it is the 

foundation of science and technology without which a nation can never be 

prosperous and economically independent. In line with this, farm mathematics 

encompasses all forms of measurements on the farm, farm forecasts, farm 

accounts and record keeping, all forms of business that have to do with farm 

and farm products (Enemali and Adah, 2015b). Field experimentation is another 

core area where mathematics applications are used. According to Adedayo 

(1999) it is a systematic and logical process of comparing two or more factors 

on the field to identify the best in certain characteristics. It is an organized 

agricultural research endeavor aimed at gaining new facts and knowledge which 

will bring about increased productivity and agricultural development. It 

involves the conduct of field experiment where the field work is actually carried 

out and the application of statistical method for collecting; organizing, 

presenting, analyzing and interpreting data are employed. Here different 

fertilizers’ effects on crops for optimum yields as well as plant population 

implications are studied. Soil suitability for crops and other various soil tests 

are carried out using field experimentation. All these are realizable through full 

mathematics applications. More recent advances in the mathematical sciences 

have helped improve our ability to predict the weather, to measure the effects 

of environmental hazards and to study the origin of the universe (Aguele and 
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Usman, 2007). This is very important in the current trend of climate change 

phenomena in the entire world today. Okeke (2007) in Ajai and Imoko (2011) 

pointed out that the applications of science and technology to agriculture, whose 

foundation is mathematics, have completely changed the face of agriculture 

through the introduction of mechanical devices for planting, tending, harvesting 

and processing of various food crops. Researches have not only through 

hybridization by plant/animal breeders resulted in improved varieties of food 

crops and animals and other food products, but has boosted yields through the 

use of fertilizers and pesticides. All these have been possible courtesy of 

mathematical modeling, an aspect of computational mathematics. Agricultural 

development is majorly about optimal results. Application of optimum spacing 

within and between rows of crops results in optimum yields in crop production. 

Apart from the yield factor, optimum spacing encourages formation of foliage 

canopy which helps in suppressing weeds emergence. According to Babayemi, 

Abu and Opakunbi (2014), in chemical control of pests, diseases and weeds, a 

lot but simple mathematics is involved. This is to avoid loss of crops that might 

occur during preparation (mixing) and application of such chemicals. A 

wrongly mixed and applied chemical could cause damping-off, burning and 

killing of the crop foliage. Increased yield of agricultural products for local 

consumption and export is associated with the application of mathematics in 

protection strategies, evaluation of retailer performance, application rates, 

finance division and piloting to explain for more efficient travel are ideas 

outlined by persons knowledgeable in mathematics (Malami, Ayyub and Halilu, 

2013).The application of mathematics therefore, aids in enhancing efficient 

food supply for local and international appeal, thereby curtailing starvation to 

the teeming manpower that can enhance the development of other sectors of the 

economy with prospects of improvement in the standard of living being assured. 

Hence, Natasha in Akissani and Muntari(2015)stated that there are two very 

important elements within the broad concept of farming: time and money. At 

the root of both is mathematics. Mathematics has enabled farming to be more 

economically efficient and has increased productivity. Farmers use numbers 

every day for a variety of tasks, from measuring and weighing, to land marking. 

Amodu and Okpanachi(2015) underscore the relevance and usefulness of 

various mathematical models. For instance, the Malthusian model on 

population growth against growth in food production is still a guide for 

decisions on food security today. Likewise, mathematical model on economic 
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growth against agricultural development can spur government policy and action 

on agriculture. Again, mathematical models on world population growth against 

food security have placed agriculture on the top list of global affairs. Crop and 

soil studies as well as pest life and disease control have found mathematical 

models to be very useful. Fadare, Ayeni and Babatunde(2015) pointed out the 

use of mathematics for the following agricultural activities: plotting the demand 

and supply schedule and curve for decision making, amount of fertilizers to be 

applied per area of land and per stand of a crop, oestrus cycle, incubation period 

and gestation periods in livestock, loss and profit accounts and percentages, 

diameter of soil components, interest on agricultural loans and credit facilities, 

number of eggs laid by fowls, liters of honey harvested in a bee box, making of 

in-let and out-let in a fish pond and their correct depth and height, quantity of 

water to be used for vaccine(e.g. Lasota, Gumboro ,Coccidiosi ,etc.),the ratio of 

the weight of egg lobe to the whole fish so as to determine the amount of 

chemical to be applied on the female fish in the process of production of 

fingerlings. When to change fowls feed from growers feed to semi-layer finally 

to layers feed, is a measure of the percentage of egg collected in a poultry. 

Farmers also estimate elements of time. According to Akissani and 

Muntari(2015) farmers know approximately how many hours they will need to 

seed and harvest and can plan accordingly. These estimates of time are based 

on crop types and machine availability, as well as human resources. They added 

that farmers consider past trends of weather and moisture conditions to decide 

when to start seeding. Furthermore, farmers can estimate the time remaining 

until harvest by calculating growing degree days. This is the measurement of 

heat units needed by the plant to reach its full maturity. It also accounts for the 

ripening of the crop. An approximation is made of how many days remain until 

the crop and can change numbers of growing degree days. Concept of 

percentage is used by farmers to carry out seed germination test. To Akissani 

and Muntari(2015),this involves getting a uniform and representative sample of 

an entire seed lot, counting more convenient sizeable number, 25, 50,100 or 

more seeds from the representative sample. The seeds are then sown in seed 

boxes, baskets or polythene bags filled with sterilized soil and kept at room 

temperature. The seeds are kept moist as often as possible. Account is taken as 

the seeds emerge. The principle is that viable seeds will sprout more or less at 

the same time while weak seeds usually sprout irregularly and they do not 

produce normal seedlings. The percentage emergence of the seeds is obtained 



97  africanscholarpublications@gmail.com                                                                               

 2020 

 

as follows: Percentage emergence= Number of seedlings emergedx100%Total 

number of seeds planted Where a seed lot has less than 50% germination test, 

it is advisable that such seeds are not planted in order to avoid planting dead 

seeds. And if the seed lot will be used for planting, it is better to double such 

seed rates for example, if 2-3 seeds are required per planting hole, 5-6 seeds 

should be planted per hole. Calculus which is an advanced system of calculation 

that deals with continually changing values is used for agricultural 

development. For instance, Nworah (2015) revealed that in agricultural 

mechanics, calculus is used when adjusting aircraft that apply spray material to 

crops. It can be used to calculate amounts when the application has multiple 

variables. In measuring discharge in irrigation, mathematics is also applied. The 

discharge of water from a pipe or a channel according to Uguru(1996) is the 

volume of water flowing per second. It is measured in cubicmetre per second 

(m3/s). Discharge (m3/s) =area (m2) x velocity of flow (m/s).The simplest means 

to measure discharge from a pipe or a channel according to Uguru (1996) is to 

use a container (bucket) of known volume. The bucket is placed directly in the 

channel and water is allowed to flow into it. The time taken to fill the bucket is 

recorded and discharge is calculated thus: Discharge (m3/s) = Volume of bucket 

(m3) x Time taken to fill the bucket(s). These are just few specific examples of 

mathematics applications for agricultural development. A lot more instances of 

other mathematics applications abound. Implications for Agricultural Extension 

Delivery Agricultural extension is said to be the fulcrum upon which all other 

fields of agriculture rest and so has a huge responsibility in achieving the desired 

agricultural development. Agricultural extension education according to 

Agbarevo and Obinne (2010) is an informal or out-of-school educational 

program for adult learners, rural people or farmers designed to help them and 

their families learn, accept, adapt and adopt improved agricultural practices. It 

is designed to change the farmers ’way of thinking, his attitude and habits, so 

that he becomes receptive to change or innovations in agriculture, leading to a 

more productive farming, and consequently, a higher standard of living. It also 

includes general education and some supportive services. Agricultural 

extension has the objective of not only improving the farmers’ farming methods 

and techniques, his production efficiency and income but, also, his social and 

educational standards leading to a higher standard of living. In the light of the 

above and for the realization of the desired agricultural development, the 

extension practitioners through study and training programs such as Fortnightly 
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Training(FNT) and Monthly Technology Review Meeting(MTRM) should 

evolve pragmatic approaches for the dissemination of new farm technologies 

which might be beneficial to farmers. Success of any extension work depends 

on thorough training of extension workers and local leaders. Good intellectual 

training, technical skills and practical experience bring efficiency and 

effectiveness in the organization of local groups for attainment of groups goals. 

The extension staff should therefore be soundly trained to be able to cope with 

the latest research finding sand technologies from various research stations and 

institutes aimed at developing agriculture. The delivery of new technological 

packages should therefore be participatory and democratic in approach to allow 

farmers avail themselves the opportunities of identifying their needs and 

problems, prioritizing them, analyzing them, seeking alternative means of 

solving them, choosing preferred alternatives, experimenting and implementing 

a chosen course of action, monitoring and evaluation of programs. Since 

extension is essentially communication (Ogunbameru, Undiandeye and Ani, 

2008), a process whereby various participants are linked and exchange 

information, which is a critical requirement for sustainable agricultural 

development, government and all other stakeholders should take its business a 

very serious one to achieve good result and sustain them. This includes proper 

funding of the services. 

 

Conceptual Framework 

Wikipedia (2020) Defines mathematical model as a description of a system 

using mathematical concepts and language. The process of developing a 

mathematical model is termed mathematical modeling. Mathematical models 

are used in the natural sciences (phsics, biology, earth science, chemistry and 

agricultural science), in engineering (computer science, electrical engineering) 

as well as in social sciences (economics, psychology, sociology and political 

science). A model helps to explain a system and to study the effects of different 

components and to make predictions about behavior. 

 

Farm Budget Technique 

According to Ayoola, Usman and Maharazu (2019) Gross Profit and Net Profit 

models are useful in determining the profitability of a farm. The models are 

expressed thus;                                     
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NP=TR-TC………………………………..(1)                                                                                                                                                    

GP=TR-TVC………………………………(2)                                                                                                                                                                                  

Where GP=Gross Profit (Naira), NP=Net Profit (Naira),TR=Total Revenue 

(Naira), TC=Total Cost of Production. 

Gross Margin (%)= GP/TR X 100…………..(3)   

Net Margin (%)=NP/TR X 100……………..(4) 

 

Production Function Analysis 

Ayoola et al (2019) Stated that Cobb Douglas Equation is useful in determining 

the extent to which the input used explained the variability in the maize/legume 

mixtures output. The model is stated below; 

Y=aXb1
1  Xb2

2 Xb3
3 Xb4

4 *e………………..(5) 

Expressed equation 5 linearly is Log Y=a + b1logX1 + b2logX2 + b3logX3 + 

b4logX4 + e………..(6). Where Y=Output (Kg), X1=Farm Size (Hectare), 

X2=Quantity of Seed (Kg), X3=Quantity of Fertilizer (Kg), X4=Labour Input 

(Man hours), e = Error Term, b2 – b4 = Parameter of Estimates. 

 

Marginal Productivity Analysis 

Ayoola et al (2019) use the following models in determining the resource use 

efficiency of maize-legumes mixtures; 

MVPxi = MPPxi * Py…………………………………………(7), where. 

MVPxi = dy/dxi x bi/ẍ……………………………………….(8) 

MPPxi = Marginal Physical Product of Factor xi; 

MPPxi = dy/dxi……………………………………………..(9) 

Where bi = Estimated Regression Coefficient of Factor, xi;     ẍ = Arithmetic 

Mean of Input, xi 

Py = Unit Price of Output; MVPxi = Marginal Value Product of Factor, xi 

They also computed the resource use efficiency "r" thus; 

r =MarginalValueProduct/MarginaFactorCost =MVP/MFC……………(10), 

where  

r = Efficiency Ratio; MFC = Cost of one Unit of a Particular Resource; MVP = 

Value of a Unit of Output. 

 

Multinomial Logit Model  

Ayoola et al (2019) also used Multinomial Logit Model to analyze factors that 

determines farmer’s adoption of orange fleshed sweet potato production in Igabi 

Local Government Area of Kaduna state. The models are stated thus; 
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Uij = Zj β + εij ………………………………………(1) 

If farmers make choice j in particular, then we assume that Uij is the maximum 

among j utilities. The probability for this choice is; Probability (Uij >Uik) for all 

K ≠ J ……………..(2) 

If Yi represent the choice made then the j disturbance being distributed identically 

and independently, the multinomial Logit model is as follows: 

Prob(Yi = j) =еβjX
j / Σi

k еβjXj where j = 0, 1……j………………………(3). Based 

on the facts that farmers adopts more than one option and taking cognizance of 

the odds ratio Pj / Pk the Multinomial Logit regression is: Ln (Pi / P0 ) = Zi = β0 

+ β1X1 + β2X2 +……… β10X10 + εi …………(4) 

 

Crop Modeling and Simulation  

To simulate means to imitate, to reproduce, to appear similar. (Pereira, 1987). 

The art of simulating is as old as man. From the origin of the civilization, man 

had to struggle to survive, using, even if unconsciously, simulations of real 

future processes to be ready for life. Simulation is, therefore, an analogy with 

the reality, being common in many areas. An athlete simulates during training 

the conditions that will prevail in the real competition; students make exercises 

and exams simulating their future work; pilots simulate on earth several flight 

conditions through the use of prototypes. In agriculture, the simulation is 

important to forecast the results of a certain system management or of a certain 

environmental condition (Wu et al., 1996). 

 Model is a word that admits several connotations, among which the following 

can be mentioned: (i) the representation of some entity, usually in smaller size 

than the original; (ii) a simple description of a system, used to explain it or to 

perform calculations (Crowther, 1995; Procter, 1995). It can be noticed, based 

on the above definitions, that models can be a prototype, a simplified 

representation, as well as an abstraction of a reality (system).  

 

The Classifications of Models  

Models can be classified in different types: conceptual, physical or 

mathematical (Acock & Acock, 1991). All of us have our own concepts of how 

the world works and why certain things happen, every hypothesis that is tested 

has a conceptual model supporting it. Physical down-scaled representations 

(physical models) of the system have been used by engineers for a long time, 

but they are rarely used to represent biological systems, although it can be said 
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that a plant in an experimental plot or container is a physical model of the crop 

in the field. When the behavior of a system is described mathematically, through 

equations, that representation of the system is a mathematical model. The 

mathematical model represents quantitatively assumed hypotheses about the 

real system, allowing one to deduce its consequences. They have gradually 

become more popular, yet more sophisticated, because personal computers have 

become more accessible. They can be classified in a number of classes, but the 

two main ones are the empirical, and the mechanistic models (Acock & Acock, 

1991).  

The empirical models, sometimes called correlative or statistical models, 

describe relationships among variables without referring to the correlated 

processes. The mechanistic models (models at the level of processes or 

simulators), also called explanatory models, try to represent cause-effect 

relationships among the variables. While a mechanistic model of vegetative 

growth describes the plant performance based on the knowledge of the 

processes that are taking place in its growth and development, an empirical 

model describes the plant behavior based directly on observations at the plant 

level. It should be clear that, at certain organization level, all models are 

empiric. A model that simulates crop yield can be mechanistic at one level, if it 

represents the relations between all plant processes, but it will sure be empirical 

at some lower level, such as the variation in gross photosynthetic rate according 

to the temperature. An empirical model at the prediction level can be found in 

Waggoner (1984), in which wheat yield in a given year and place is calculated 

in function of meteorological variables, such as temperature, precipitation and 

number of days warmer than 32°C, in a simple equation, without representing 

the plant processes, by just varying the constants of the equation (weights of 

each variable) according to the location. An empirical model at the organ level 

can be found in Teruel (1995), in which the sugar-cane leaf area index is 

calculated by an exponential-potential equation, the only variable being the 

Growing Degree Days (GDD) accumulated from planting, varying the constants 

in function of the cultivation cycle:  

 

(1) 

where LAIn refers to the leaf area index, GDDi to degree-days (°C.day), and a, 

b and c are the fitting constants.  
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Two classic ways of calculating the decrease in yield in function of water stress 

are empiric equations:  

(i) Jensen (1968):  

 

(2) 

in which: Ya/Ym is the relationship between the actual yield and a possible 

maximum, for the location and chosen crop; ETai/ETmi is the relationship 

between the actual evapotranspiration and that occurred without water 

restrictions in the stage i; li the relative sensitivity coefficient of the crop for 

water stress during the stage i; and (ii) Stewart et al. (1977):  

 

(3) 

in which ETa/ETm is the relationship between the actual evapotranspiration and 

that occurred without water restrictions for the complete cycle of the crop and 

 the crop sensitivity constant for water stress.  

One problem with these models, already empirical at the forecast level, is that 

they cannot be extrapolated. They must only be used in conditions similar to 

those in which they were generated. In contrast, mechanistic models try to 

represent processes in the system up to two organization levels below the 

forecast level. A mechanistic model to forecast crop yield will represent the 

processes at organ level, like photosynthesis, respiration, and foliar expansion 

and abscission, only being empirical down to this level. The software GLYCIM 

(Acock et al., 1985) is an example of a mechanistic model to predict the soybean 

growth and yield. It consists of thousands of equations describing the 

atmospheric and soil environments, light interception by the leaves, 

photosynthesis, carbon partition between different organs, respiration, and 

water and nutrient uptake. At the photosynthesis organization level, for 

example, the model stops being mechanistic and becomes empirical, because 

the equation that represents the photosynthesis for leaf area does not represent 

a correlation between variables. One is still learning how to develop and create 

mechanistic models and, nowadays, the empirical models at the forecast level 

are still the most popular. However, the mechanistic models have a much larger 

potential to allow extrapolation in the forecasts outside the boundaries in which 

they were generated (Chanter, 1981). Their superiority as simulation models is 

gradually being recognized.    
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Agricultural Science: Uses of Mathematical Models  

According to Rimmington & Charles-Edwards (1987), three types of research 

activities can be defined in the agricultural sciences: (i) the acquisition of 

knowledge; (ii) the ordering of knowledge and the development of 

understanding on that knowledge, and (iii) the application of the knowledge 

and/or understanding to the solution of practical problems. Mathematical 

models can be used in different ways within each one of these three activities. 

At this point it is important to differentiate understanding from knowledge. To 

know is simply to be conscious of the facts regarding a phenomenon, whereas 

to understand is to perceive the significance of a phenomenon or to be able to 

explain it based on the knowledge of it (Rimmington & Charles-Edwards, 

1987). Mathematical models are basically a simplified description of a system, 

built to help us better understand the operation of a real system and the 

interactions of its main components. They are excellent forecast mechanisms. 

The popularization of computers, capable to execute great amounts of 

arithmetic and logical operations in a reduced time, allowed great progress in 

the area of mathematical simulation.  

Three important uses of mathematical models in plant sciences can be indicated 

as the following (Rimmington & Charles-Edwards, 1987): (i) analysis of 

observed responses in plant growth as a function of certain factors, to increase 

our understanding of the crop growth and to provide direction in our research; 

(ii) simulation of plant growth by models consisting of many interacting 

components and levels, as an aid for teaching and learning; and (iii) forecast of 

the plants response of to certain climatic or management condition, as a tool for 

management and decision-making.    

 

Scientific Importance of Mathematical Models  

Unfortunately, many have the idea that a model can supply the knowledge one 

does not have about a system. As emphasized, the model is a simplified version 

of the system and it will be as good as the available knowledge of the system. 

Is it true that only a well-known system can be modeled? And if it is well 

known, why model it? It is evident that the objective of modeling is to produce 

a tool that can be used to test hypotheses, to generate alternative hypotheses, to 

suggest experiments, to refute them, and furthermore, to predict the behavior of 

the system in unknown situations. Each researcher has his or her own image, a 

visualization, or a symbolism to obtain a model of the system with which he or 



104  africanscholarpublications@gmail.com                                                                               

 2020 

 

she works. The elaboration of a model is just the formalization of his or her 

knowledge. Pereira (1987) states: (i) the attempt of building a model helps to 

detect areas where the knowledge and data are scarce; (ii) the modeling process 

stimulates new ideas; (iii) compared with traditional methods, the models make, 

usually, a better use of data; (iv) models allow interpolation and prediction; (v) 

a model summarizes large amounts of information; (vi) a good model can be 

used to suggest priorities in the application of resources for research; (vii) the 

mathematical basis for the hypothesis allows progress in better understanding 

the behavior of the system and discerning among alternative hypotheses. It can 

be noticed that the elaboration of a mathematical model follows exactly the 

basic rules of the Scientific Method, that is: (i) observation of a system; (ii) 

formulation of a hypothesis in the attempt of explaining the observations; (iii) 

prediction of the system behavior of through simulation; (iv) experimentation 

to test the validity of the hypothesis (validation of the model).  

 

Importance of Mathematical Models in Farm Management and Other 

Practical Applications  

Besides its scientific importance, the simulation of plant yield has practical 

application in the management of cropping systems, in the formation of stocks, 

in the commercialization, in the making of agricultural policies and zoning, and 

in many other branches of agricultural activity. The mathematical models used 

in each one of those contexts will have a different form and will be used in 

different ways. In a context of resource management, the models can serve as a 

learning aid in predicting the results of a given usual practice compared to 

alternative actions in the agricultural system. The model to be used in 

management is a summarized form of the detailed simulation model obtained 

through research, in which several intermediate state variables are removed and 

some parameters are maintained constant for the particular case. Before the 

model is applied for resource management, its accuracy needs to be tested 

within a given range of variables. Only then it is wise to use the model to 

simulate the effects of different management techniques or environmental 

variations on the crop performance. The model, in this case, should necessarily 

be used within its tested boundaries (Rimmington & Charles-Edwards, 1987) 

Methodology 
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The Study Area  

 Kaduna north and Kaduna South local government areas were selected 

purposively for the research out of 23 obtainable in the state because they serve 

as the nerve center of the state in terms of population and educational institution 

distribution. 

 

Sampling Technique and Sample Size 

The study employed purposive sampling technique. Furthermore cluster 

sampling was used to select 15 communities and 15 respondents each from the 

two Local Government Areas. The total sample therefore comprises of 450 

respondents. 

 

Method of Data Collection 

Data for this study was collected using Mathematics and Mathematics Models 

Application in Agriculture Questionnaire. The questionnaire consists of two 

parts: section A and B. Section A solicits for socio demographic information on 

age, marital status and occupation. Section B consists of twelve (12) items on 

mathematics application in agriculture and four (4) items on relevance of 

mathematical models in agriculture placed on a four point Likert scale in which 

the respondents are required to indicate the extent to which they support such 

view. The research instrument was self-developed and pretested for the purpose 

of this study using 40 respondents from two communities in Igabi local 

government, Kaduna state, Nigeria. The pretest result showed no ambiguity in 

the instrument and it produces an internal consistency reliability of 0.82.  The 

instruments were administered directly to the respondents by the investigator 

with the support of two trained research assistants 

 

Method of Data Analysis 

Data obtained were analyzed using frequency counts and simple percentages  

 

Results and Discussion 

Table 1 shows that 273 (61%) and 177 (39%) of the 450 respondents were males 

and females respectively. Table 2 shows that out of the 450 respondents ; 30 

males and 33 females (63, 14%) of the respondents had below primary school 

education while 83 males and 34 females (117, 25%) had secondary education, 

lastly 85 males and 82 females (167, 37%) schooled beyond secondary level. 
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Table 3 shows that out of the research population of 450, 50%(225) of which 

145 are males and 80 are females, 90%(405) of which we have 225 males and 

150 females, 65%(294) of which 214 are males and 80 are females, 50%(225) 

with 125 males and 100 females strongly agreed with the statements; I love 

working with figures; mathematics is very useful in agriculture, to individual 

and the nation at large; almost every field of human endeavors including 

agriculture has elements of mathematics; inventory in agriculture is 

mathematically inclined respectively. These are in line with the findings of 

Agbaravo and Obinne(2015), Nworah(2015) ,  Akissani and Muntari(2015) and 

Ayoola, Usman and Maharazu (2019) 

Similarly Table 4 shows that 50%(225) with 125 males and 100 females, 

60%(270) with 150 males and 120 females, 90%(405) with 265 males and 140 

females and 75%(338) with 178 males and 160 females of the 450 respondents 

strongly agreed that mathematical models are relevant in agriculture; demand 

and supply are example of mathematical models in agriculture; every sector in 

agriculture rely on mathematical models in their operations; mathematical 

models enhanced resource  use efficiency in agricultural practices respectively. 

This results are in line with that of Halilu (2013) and Enemali and Adah(2015). 

Conclusion and Recommendation 

The paper has highlighted the fact that mathematics is key to agricultural 

development especially in every sphere of research in agriculture as already x-

rayed. The various requirements of agricultural development such as good 

marketing, new farm technology, purchasable input, incentives to farmers and 

production credit are critical to the development and should be put in place and 

sustained. Finally, extension delivery system should be pragmatic enough to 

contribute positively to the desired agricultural development. This is by making 

it both participatory and democratic in approach. Further to this government at 

all levels should adequately fund extension component of the agencies saddled 

with agricultural matters to achieve successful as well as sustainable 

agricultural development. Seen the importance of application of mathematics 

and relevance of mathematical models in agricultural practices and expected 

success we here by recommend that more attention should be given to the 

teaching of mathematics at all level of the Nigeria educational system to 

enhance more success and bountiful output in our agricultural sector. 
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Appendix 

Table 1: Percentage of Frequency Count on Gender of The Respondents 

Gender F % 

Male 273   61 

Female 177   39 

Total 450 100 

Source: Field Survey, 2020 

 

Table 2: Percentage of Respondents Based on Gender and Educational 

Level as Determinants of Application of Mathematics in Agriculture 

Level of Education Total % M F Total 

Below Primary School level 63 14 30 33 63 

Primary school only 106 24 75 31 106 

Secondary school level 117 25 83 34 117 

Above secondary school level 167 37 85 82 167 

Total 450 100 273 177 450 

Source: Field Survey, 2020 

 

Table 3: Percentage of Respondents Based on Gender and Educational 

Level as Determinants of Application of Mathematics in Agriculture 

STATEMEN

T 

SA 

(%) 

A (%) D 

(%) 

SD 

(%) 

Tota

l 

% 

M F Tota

l 

I love working 

with figures 

50(225

) 

m=145

,  

f=80 

45(203

) 

m=113

, 

f=90 

5(22) 

m=15

, 

f=07 

- 100 27

3 

17

7 

450 

If i have 

opportunity i 

will study a 

course related 

to 

mathematics 

and 

agriculture 

40(180

) 

m=110

, 

f=70 

30(135

) 

m=75, 

f=60 

10(45

) 

m=35

, 

f=20 

20(90

) 

m=63

, 

f=27 

100 27

3 

17

7 

450 

Mathematics 

is very useful 

90(405

) 

10(45) 

m=18, 

- - 100 27

3 

17

7 

450 
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in agriculture 

, to 

individuals 

and nations at 

large 

m=255

, 

f=150 

f=27 

On daily basis 

we are 

engaged in 

mathematics 

directly or 

indirectly on 

the farm 

75(338

) 

m=181

, 

f=157 

25(112

) 

m=92, 

f=20 

- - 100 27

3 

17

7 

450 

Almost every 

field of human 

endeavors’ 

including 

agriculture 

has elements 

of 

mathematics 

65(294

) 

m=214

, 

f=80 

25(112

) 

m=96, 

f=16 

5(22) 

m=07

, 

f=15 

5(22) 

m=16

, 

f=06 

100 27

3 

17

7 

450 

No  

agricultural 

business in the 

world can 

succeed 

without 

adequate 

mathematical 

knowledge 

60(270

) 

m=170

, 

f=100 

40(180

) 

m=103

, 

f=77 

- - 100 27

3 

17

7 

450 

Inventory in 

agriculture is 

mathematicall

y based 

50(225

) 

m=125 

f=100  

35(158

) 

m=100 

f=58 

10(45

) 

m=35 

f=10 

5(22) 

m=13 

f=09 

100 27

3 

17

7 

450 

Fertilizer 

application 

and sales of 

farm products 

entails 

mathematical 

practices 

50(225

) 

m=130 

f=95 

40(180

) 

m=120 

f=60 

10(45

) 

m=23 

f=22 

- 100 27

3 

17

7 

450 
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Success in life  

and in 

agriculture is 

mathematicall

y inclined 

45(203

) 

m=104 

f=99 

30(135

) 

m=89 

f=46 

10(45

) 

m=25 

f=20 

15(67

) 

m=55 

f=12 

100 27

3 

17

7 

450 

Plant spacing 

is an 

application of 

mathematics 

in agriculture 

55(248

) 

m=132 

f=116 

35(158

) 

m=110 

f=48 

5(22) 

m=16 

f=06 

5(22) 

m=15 

f=07 

100 27

3 

17

7 

450 

Measurement

s involving 

weight, 

length, 

volume etc in 

agriculture 

are 

application of 

mathematics 

60(270

) 

m=155 

f=115 

30(135

) 

m=97 

f=38 

10(45

) 

m=21 

f=24 

0 100 27

3 

17

7 

450 

Source: Field Survey, 2020 

 

 Table 4: Percentage of Respondents Based on Gender and Educational 

Level as Determinants of Application of Mathematical Models in 

Agriculture 

STATEMEN

T 

SA 

(%) 

A (%) D (%) SD 

(%

) 

Tota

l 

% 

M F Tota

l 

Mathematical 

Models are 

relevant in 

agriculture  

55(225

) 

m=125 

f=100 

45(203

) 

m=148 

f=55 

5(22) 

m=0 

f=22 

- 100 27

3 

17

7 

450 

Demand and 

supply is a 

form of 

mathematical 

models in 

agriculture 

60(270

) 

m=150 

f=120 

30(135

) 

m=110 

f=25 

10(45

) 

m=13 

f=32 

0 100 27

3 

17

7 

450 

Every sector 

in agriculture 

rely on 

90(405

) 

m=265 

10(45) 

m=08 

f=37 

- - 100 27

3 

17

7 

450 
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mathematical 

models in 

their 

operations 

f=140  

Mathematical 

models 

enhanced 

resource use 

efficiency in 

agricultural 

practices 

75(338

) 

m=178 

f=160 

25(112

) 

m=95 

f=17 

- - 100 27

3 

17

7 

450 

Source: Field Survey, 2020 

 

  


