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ABSTRACT

Aims: Maize is of great significance in the national food security of South Africa. Maize production
levels in South Africa continue to decline, further deteriorating the situation of increased food
insecurity, unemployment and increased poverty levels in the face of increasing population. This
paper investigated fundamental variables influencing maize yield in the South African major maize
producing regions.

Study Design: A multi-stage stratified sampling method was employed to select maize producing
farmers in the major maize producing provinces, namely Mpumalanga, Free State and North West
provinces of South Africa. Furthermore, three districts were selected from which maize farmers
were then selected.

Methodology: Using linear multiple regression for a sample of 202 maize farmers, maize yield as
a dependent variable was regressed against land size, fertilizer usage, labour, herbicides and
seeds as independent variables. The paper employed the Cobb-Douglas production function to
estimate parameters. The data obtained from the field were subjected to analysis using inferential
statistics using SPSS v20.

*Corresponding author: Email: andisiwediko@gmail.com;
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production of maize is also recommended.

Results: The study showed that fertilizer, labour, and herbicides used in the production of maize in
the study area were positively and statistically significant at a 5% confidence interval (P<0.05) with
elasticity coefficients of 0.55, 0.47 and 0.198 respectively. The independent variables computed in
the model had positive elasticity coefficients indicating a direct positive relationship between the
input variables and maize output. The study also revealed that farmers in the study area were
applying fewer amounts of fertilizer than the recommended rates per hectare.

Conclusion: The study recommends that the South African government should supply inputs to
maize farmers at subsidized rates to promote correct application rates and attain higher yields.
The promotion of good quality extension services to foster good agricultural practices in the

Keywords: Maize yield; South Africa; Cobb Douglas model; input use.

1. INTRODUCTION

Maize is the most important crop in South Africa
[1]. Grain production in South Africa consists of
maize, followed by wheat and sorghum in order
of  importance [2,3]. Maize accounts
approximately for 83% of the national grain
production, wheat accounts for 14,7%, while
sorghum accounts for 1,3% [4].

In many populations worldwide, maize is a
dietary staple, making up the primary portion of
calories consumed in many lower-income
countries [5,6]. Similarly, maize is the largest
locally produced field crop and a staple food for
the bulk of the population in South Africa,
particularly of the poor, and is a crucial crop for
food security [7,8,9]. Notwithstanding from
providing nutrients for humans and animals,
maize serves as a basic raw material for the
production of starch, oil, protein, alcoholic
beverages, food sweeteners, and fuel [5,10].
With changes in consumption structure such as
grain  ration  consumption, animal feed
consumption and industrial consumption, the
demand for maize is increasing globally [11,10].
It is estimated that the overall demand for maize
will continue to increase resulting from the
increased demand for food driven by population
growth. Such an increase in demand must be
met by increasing the productivity of maize per
unit of land [12].

Maize is produced throughout South Africa, with
the Free State, Mpumalanga and North West
provinces constituting the major maize producing
regions, thus, forming the “maize belt” of South
Africa accounting for approximately 87% of the
total maize production [13,4,14]. The Free State
province has the largest area planted to maize as
well as the largest production, accounting for
about 44.45% of the total maize area planted in
the 2018/2019 production season. The second
largest maize producing area planted is in
Mpumalanga province, accounting for 24.74% of

26

the total area planted in 2018/2019. The third
largest maize area planted is in North West
province, accounting for 18.60%. The other
provinces, such as the Eastern Cape, KwaZulu-
Natal and Limpopo provinces, are also significant
players in South African maize production, but
most importantly in small-scale farming, which
contributes significantly to household food
security [13]. The maize industry is pivotal in the
South African economy with regard to revenue
generation and employment [15]. The share of
the agriculture sector in employment is estimated
at 7% of the South African labour workforce [16]
[17].

Maize hectares (area) planted vary from year to
year, depending on the weather (climatic
conditions) and market conditions, but on
average 2.5 to 2.75 million hectares of hybrid
maize is planted in South Africa each year [4]. In
the 2016/17 production season, 17.5 million tons
of maize were produced. This figure declined to
13.1 million tons in the 2017/18 production
season and further fell to 11 million tons of maize
output in the 2018/19 production season. Maize
yield produced per hectare averaged at 6.3 t/ha,
5.2 t/ha and 4.9 t/ha for the 2016/17, 2017/18
and 2018/19 production seasons, respectively.
For the same period maize production output for
the three biggest producing regions in the
country, a similar trend was observed. Free State
province, the biggest producer in the country,
recorded 7.3 million tons, 5.2 million tons, and 4
million tons of maize for the 2016-2019 growing
period. Mpumalanga province recorded 3.4
million tons, 2.8 million tons, and 2.6 million tons,
for the same period North West province
recorded 3.1 million tons, 2 million tons, and 1.6
million tons of maize. The downward production
trend in the country is an indication of decreasing
maize production output, thus studying factors
influencing maize production in the largest maize
producing regions in the country is great
importance.
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Lack of access to land, lack of access to
inputs/implements, lack of access to financial
capital, limited access to extension services and
input/output market, low adoption of appropriate
modern technologies, uncertainties in climate
change and farm risks are among factors
reported to impede increased agricultural
productivity [16]. Many factors influence maize
production, ranging from inputs to climatic
conditions.  Successful maize  production
depends on the correct application of production
inputs that will sustain the environment, soil
conditions, availability of irrigation or rainfall as
well as agricultural production [14]. The foregoing
factors are blanket impediments theorized to
affect maize production, this study, therefore,
seeks to investigate factors influencing maize
production that are particular to the study area.

There have been several attempts by the South

African government to improve agricultural
productivity, through the establishment of
irrigation schemes, agricultural market

liberalization policies, provision of credit facilities,
and legislating of several land reform policies
[13]. In addition to the establishment of irrigation
schemes, the South African government
provided farm inputs and implements through
programs like the Cropping Programme and
Massive Food Production Programme (MFPP)
[18,19,16]. The Comprehensive Agricultural
Support Programme was moreover enacted to
facilitate capacity building for farmers with the
provision of agricultural infrastructure [17].
Furthermore, the government has established
credit and microfinance institutions such as the
Micro Agricultural Financial Institutional Scheme
of South Africa (MAFISA) to create links between
banks and farmers for improved access to input
credit. Nevertheless, maize vyields and
subsequently maize output levels in South Africa

continue to decline [13]. South Africa is a
breadbasket for the Sub-Saharan African
countries, consequently, decreasing maize

production levels have an adverse connotation
for the food security of these countries as well as
that of South Africa. Albeit South Africa being a
net maize exporter for most years, on years
where maize demand exceeds maize production
South Africa imports maize from countries like
Argentina, Brazil and the USA [4].

Research studies have deliberated maize
production in South Africa. However, there are
comparatively few studies that assess in
comprehensive detail the shifting historical
structure of South African maize production and
determinants thereof. Van Zyl & Nel [15]
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evaluated the macro-economic role that the
maize industry played in the South African
economy during the 1970s and 1980s, but did
not delve into details of the structural trends
within the industry. Breitenbach & Fenyes [2]
quantified  production trends  within  the
commercial maize and wheat industries during
the 1985 to 1999 period, including a breakdown
of maize production into its output and planted
area components for South Africa. A study by
Greyling & Pardey [20] highlighted key insights
about the South African maize production in
terms of commercial and smallholder share
contribution. The study  presented a
comprehensive historical picture of South African
maize production, and the changes in area
planted, spanning from the year 1904 to 2015.
The paper, however, did not investigate into
influencing factors for the observed changes in
the area and total production of maize.
Meanwhile, other scholars focused on mapping
the position of the south African maize in the
global context [4].

This study sought to examine the determinants of
maize production in South Africa and provide
insights which will be of great significance for
maize farmers in South Africa, the academicians
and policymakers in formulating future policies
on the modernization of agriculture in general
and the maize sector in particular to address the
current problem of low maize yields. Stabilizing,
organizing maize production and ensuring a
continuous supply of maize is a critical
component of national food security. South Africa
has a long history of maize production and a vast
area of maize production, thus, determining the
influencing factors of maize output is of crucial
significance for formulating effective grain
production and trade policies.

2. METHODOLOGY
2.1 Description of the Study Area

The study was carried in the “maize belt” of
South Africa which consists of the Free State,
Mpumalanga and North West provinces. Maize
production in South Africa is concentrated in the
studied provinces. The major maize-growing
area cuts across the central and western parts of
the North West province, the north-western Free
State province, and the central to south-western
parts of Mpumalanga province. In the west of this
major maize-growing area, the mean annual
rainfall ranges between 550 and 650 mm.
Precipitation is relatively erratic and has an
immense influence on crop production. Although



Diko and Jun; AJAAR, 14(1): 25-34, 2020; Article no.AJAAR.59023

the start and duration of the rainfall season in this
region restrict the length of the growing season,
the high heat units make it substantially suitable
for crop production.

2.2 Sampling Procedure

The study adopted a multi-stage stratified
sampling technique to select respondents and
maize farmers were the targeted population in
this study. A combination of purposive and
random sampling method was employed for the
selection process of respondents. The stratified
sampling is a method of sampling that involves
the division of a population into smaller groups
known as strata. In stratified random sampling,
the strata are formed based on members sharing
similar attributes or characteristics [21]. A
random sample from each stratum is then
selected. In this study, the strata consisted of
maize producing farmers. Three (3) major
producing provinces (Free State, Mpumalanga
and North West) were selected and from the
chosen provinces maize producing farmers were
selected. Thereafter, major maize producing
districts were identified for the chosen provinces
respectively. The services of agricultural
extension agents in the selected districts were
considered for data collection. The sample size
of the respondents was 202 maize farmers and
the selection of participating farmers was random
within the identified districts. Table (1) below
gives details of the population of respondents
selected for each chosen study site in the
respective provinces.

2.3 Data Collection

Primary data was collected using structured
questionnaires through face to face interviews.
The questionnaires captured data on socio-
economic characteristics of maize farmers,
production statistics, farming enterprises and
extension services. The study additionally
employed secondary data collected. Production
Statistics were extracted from the Department of
Agriculture, Forestry & Fisheries (DAFF)
abstracts for the period 1986-2019.

2.4 Data Analysis

The data obtained from the field were subjected
to analysis using inferential statistics generated
from the Statistical Package for Social Scientists
(SPSS v20). A Stochastic frontier production
model was formulated to determine the
relationship between the dependent variable
(maize output) and deterministic independent
variables. The study adopted the Cobb Douglas
production function. The Cobb-Douglas model
was developed by Charles Cobb and Paul
Douglas (1927-1947) [22]. The model was used
to represent the technological relationship
between the amounts of two or more inputs
(particularly physical capital and labour) and the
amount of output that can be produced by those
inputs. The Cobb-Douglas functional form was
adopted on the basis that it is self-dual and has
been widely applied in agricultural production
technologies in many developing countries [23].
SPSS v20 was used to generate parameter
estimates of the Cobb-Douglas model adopted in
the study.

The model is expressed in its general form as
follows:

B
Y=AL K

a

(1)

Y= Total maize production in tonnes/year

L= Labour input (hours/year)

K= Capital input

A= Total factor productivity

a and B are the output elasticities of capital and
labour, respectively.

2.5 Conceptual Framework

This study theorizes that maize production is
dependent on the physical production
relationships between maize output and
independent variable inputs. Thus, a relationship
between the amount of maize output and land
size, amount of fertilizer, herbicides, labour and
maize seeds. Figure 1 gives the conceptual
framework underpinning the adoption and
development of the empirical analysis.

Table 1. The selection of respondents

Major maize producing provinces

Name of selected district

Target Population

Mpumalanga province Gert Sibande 57
North West province Bojanala 60
Free State province Motheo 85
Total sample size 202
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Independent variables

Determinants

s Farmsize(ha)
Labour{man/day)
Quality of seeds(kg)
Fertilizer(kg)
Agro-chemicals

Dependent variable

Maize
Qutput
(Yieldt/ha)

Externalities
s Matural factors
s  Government policies
» Infrastructure
development

Fig. 1. Flow chart of selected variables

2.6 Empirical Model

Several functional forms have been developed to
measure the relationship between inputs and
outputs. The study adopted the Cobb-Douglas
and trans-log production functions. The idea of a
production function can be illustrated with using n
inputs: X; X; Xn to produce Y output, which
shows the maximum output obtainable from
various inputs used in production [24].

The operational model for the study is illustrated
mathematically below;

Y=f (X4, X2...Xp) ...+e (2)
Where,

Y = maize yield (ton/ha)

X4= farm size (ha)

Xo=fertilizer (kg/ha)

X3= labour (hours/ha)

X4= Herbicide (L/ha)

Xs= Quantity maize seed (kg/ha)
e= error term

Thus, a linear production function is given as
follows:

Y=Bo+B1X1+B2Xo+B3Xa+PsXs+BsXs+e (3)

From equation (3), the Cobb-Douglas functional
form was considered and was expressed as:

INY=By +B4InX; + BoInXy + BsInXz+ BalnX, +
BsinXs+e 4)
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In Y= Bo+ B1In (farm size) + B, In (fertilizer) + B3
In (labour) + B4In (herbicides) + BsIn (seed)+e (5)

Where In is the natural logarithm, Y is maize
output per hectare in tons of the ith farmer, B is
a Constant, Bi is a Coefficient,

3. RESULTS AND DISCUSSION

In this chapter the findings of the study are
presented and discussed in three main sections,
namely: the socio-economic characteristics
analysis, maize input levels and Multivariate
analysis of the variables using charts, graphs
and tables respectively.

3.1 Socio-economic Characteristics of
Respondents

The survey drew information about farmers
including age, gender, experience in maize
production, total farm size under cultivation,
labour used, extension contact, etc. Table 2
presents a summary of the socio-economic
characteristics of the maize farmers in the study
area.

The results indicated that 79% of the
respondents were male farmers and only a
fraction of 21% were females. The study further
revealed that 50% of the respondents had
between 6-15 years of maize farming experience,
43% had 15 and above years of maize farming
experience while 6.44% had less than 5 years of
maize farming experience. The ages of the
respondents corresponded with the years of
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farming experience as 96% were found to be 35
years of age and older. Youth in South Africa and
the world at large prefer jobs in other non-
agricultural economic sectors [25].

Results suggested that the largest proportion
of respondents were literate and had some
form of education or formal training, secondary
school education (62%), no formal education
(2%), primary education (13%) and tertiary
education (20%). The high level of education
among the respondents is hypothesized to be an
advantage as it directly translates to high literacy
levels which are vital in the adoption of

information and technological advances in the
agricultural production sector. The average
household size ranged between 4-7 persons
per household. The household size in most
farming communities of Sub-Saharan Africa is
known to be a source of farm and off-farm
labour.

3.2 Maize Input Use Levels

Table 3 illustrates the results of the inputs used
for maize production, namely seeds, land,
labour, fertilizer and agrochemicals in the study
area.

Table 2. Socio-economic characteristics of respondents

Characteristics Frequency Percentage
1.Farming Experience
1-5 years 13 6,44
6-15 years 102 50,50
15& above 87 43,07
Total 202 100,00
2.Age
18-35 years 10 4,95
36-55 years 93 46,04
56 and older 99 49,01
Total 202 100,00
3.Gender
Male 160 79,21
Female 42 21,00
Total 202 100,21
4.Education
No formal Education 6 2,97
Primary 28 13,86
Secondary 126 62,38
Tertiary 42 20,79
Total 202 100,00
5.Household Size
1-3 10 4,95
4-7 173 85,64
7 or above 19 9,41
Total 202 100,00
Source: Survey, 2020
Table 3. Input use among farmers
Minimum Maximum Mean Std. Deviation
Land size (Ha) 9 325 118.02 75.666
Fertilizer mixture N:P:K kg/ha 150 750 394.58 101.573
Labour man/hours/ha 23.0 36.0 29.564 1.9984
Herbicide L/ha 0.28 3.00 1.3166 0.42915
Seeds(kg/ha) 18.0 25.0 22.003 14.0274

Hectare (ha), kilograms (kg), litres per hectare (L/Ha)
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The mean value for land size allocated for maize
production in the study area was found to be
118,02 ha. It is noted that, while farm size is a
key determinant of economic efficiency in maize
production, its effect on technical efficiency is still
contested [9]. The results further indicated that
the fertilizer mixture applied per hectare
averaged 394,58 kg/ha. The recommended
fertilizer rates for maize vary depending on the
yield potential but can be as high as 500 kg/ha in
South Africa [1]. The mean value of fertilizer
applied amongst the respondents was 394.58
kg/ha indicating that maize farmers in the study
area apply far less than the recommended
application rate per hectare. [26] reported that
expensive chemical fertilizers affect maize
production by farmers. Some farmers cannot
afford chemical fertilizers because these
are expensive. This finding is in line with that of
[4], who postulates that South African farmers
establish maize at higher costs than farmers in
the United States, Argentina and Ukraine, owing
to high fertilizer costs.

In South Africa, the recommended planting rates
for maize seed generally range from 20 Kg/ha to
25 kg/ha. Therefore, the findings in this study
indicate that the majority of the respondents
planted maize using the recommended seed rate,
signalled by a mean value of 22 kg/ha of seed.
Labour costs consist of hired and family labour
input in hours/ man in a hectare. The use of
herbicides amongst the maize farmers in the
study was found to be between 0.28 L/ha and 3
L/ha of agrochemicals.

3.3 Determinants of Maize Production

Table 4 illustrates the results obtained from the
double log production function.

The results of the double log functional form had
the best fit to the data. The table depicts the
analysis of the physical production relationships
between maize yield and independent variables,
thus, a relationship between maize yield in tons
per hectare and land size in hectares, fertilizer in
kilograms per hectare, herbicides in litres per
hectare, labour in hours per hectare and maize
seeds in kilograms per hectare. The variables
included in the model were resources available
to farmers, from which the objective was to
determine the impact on the output of maize in
kg/ha. The F-value revealed that the explanatory
variables combined, positively influence changes
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in maize yield at a 5% significance level. All the
independent variables in the model had positive
regression coefficients indicating a direct positive
relationship between the inputs and maize output.
The sign of the coefficient (B values) shows
the direction of influence of the variable on the
model [27]. It follows that a positive value
indicates an increase in the likelihood that maize
output will change in response to a percentage
increase in the respectful independent variable.
The coefficient of determination, R? was 0.902
which implied that 90.2% of the variation in
the output of maize was accounted for by

the independent variables computed in the
model.
A Cobb-Douglas production function was

estimated and the coefficients in the log-log
model represented the elasticity of the Y (maize
output per hectare) with respect to the computed
X independent variables. The coefficients,
therefore, represent the estimated percentage
change in the dependent variable for a
percentage change in the independent variables,
respectively.

As indicated in Table 4, some predictor variables
influence maize vyield in the study area
significantly. Fertilizer in kilograms per hectare,
labour, and herbicides in litres per hectare have
a positive and significant relationship with maize
yield attained per hectare at a 5% level of
significance in the study area. Moreover, the
elasticities associated with fertilizer, labour, and
herbicides were less than 1 in absolute values,
this means that maize yield produced per hectare
in respect to the aforementioned independent
variables is inelastic. Maize yield attained per
hectare increases proportionately less than the
increase in fertilizer, labour, and herbicides
applied per hectare.

Thus, a 1 percent increase in fertilizer, labour,
and herbicides applied per hectare would result
in an increase, on average, of 0.54, 0.5 and 0.2
percent of maize output per hectare, respectively.
Therefore, for increased maize output per
hectare in the study area, there is a need
to expand the use of fertilizer, labour and
herbicides.

Land under maize production and maize seeds
applied per hectare have a positive but
statistically insignificant relationship with maize
output at 5% significance level.
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Table 4. Log-log regression results

Independent Variables (natural logarithm)  Coefficients (f) P-values T-values
(Constant) -3.184 0.000 -6.555
InLandsize(ha) 0.008 0.352_ 0.933
InFertilizer(kg/ha) 0.547 0.000 11.443
InLabour(hours/ha) 0.466 0.004** 2.941
InHerbicides(L/ha) 0.198 0.000* 5.103
InSeeds(kg/ha) 0.037 0.267 1.112
R square 0.902

Adjusted R Square 0.900

Standard error of the estimate 0.07702

F value 363.888

Significance F 0.000**

Dependent Variable: InYield (t/ha)**statistically significant at 5%

Challenges faced by maize farmers

Inadequate storage/processing facilities
Inadequate rainfall

Poor extension services

Constraints

Pests and diseases

Inadequate credit and markets

20 25

Percentage (%)

Fig. 2. Distribution of maize farmers according to constraints

3.4 Challenges Facing Maize Farmers

Fig. 2 depicts challenges faced by maize farmers
in the production of maize in the study area.

Fig. 2 revealed that inadequate rainfall is the
major problem (39.60%) faced by maize farmers
in the study area. Maize production in South
Africa takes place under rain-fed production
system, only 17% of the total maize planted in
the country is irrigated. This results in reduced
maize yields as drought is recurrent in South
Africa [17]. This is followed by poor extension
services (24,75%). Extension service is a vital
component in the production of maize as
essential production information and
technological changes are disseminated through
effective extension services. Inadequate storage/
processing facilities accounted for 15.85% and

w

2

inadequate credit and markets at 14,85%. Pests
and diseases were listed as the least of the
constraints  (9.95%). Consequently, these
constraints are considered to have a negative
effect on maize yield and therefore further
limiting maize production in the study area.

4. CONCLUSION

The study examined the determinants of maize
production in major grain-producing areas in
South Africa. A cross-sectional survey was used
to select 202 maize farmers in the study area.
Data were collected and subjected to inferential
statistics which were used to determine the
relationship between the dependent variable
(maize output) and selected the independent
input variables. The results indicated that 79% of
the respondents were male farmers and only a
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fraction of 21% were females. The ages of the
respondents revealed that 96% were 35 years of
age and older. This is an indication that the
future performance of the maize and the
agriculture industry is doomed to collapse due to
the low participation of youth as the old
generation fades away. This may worsen the
situation of increased food insecurity,
unemployment and increased poverty levels in
the face of increasing population and limited
fixed land and water resources.

The results revealed that farmers in the study
area were applying fewer amounts of fertilizer
than the recommended rates per hectare. The
low levels of use of fertilizer in the study area
were found to be one of the reasons for the low
yields and declining maize output harvested in
the study area. The quantities of seeds applied
per hectare in the study area were found to have
a mean value of 22 kg/ha and in accordance with
the recommended maize seed planting rates per
hectare in South Africa. Results of the Cobb-
Douglas model showed that fertilizer, labour, and
herbicides used in the production of maize in the
study area were positively and statistically
significant in the study related to elasticity

coefficients of 0.547, 0.466 and 0.198
respectively at 5% confident level. Thus, a 1
percent increase in fertilizer, labour, and

herbicides applied per hectare would result in an
increase, on average, of 0.54, 0.5 and 0.2

percent of maize output per hectare, respectively.

An increased amount of fertilizer in kilograms
applied per hectare and increased labour as well
as increased herbicide applications are likely to
result in an increased amount of maize output in
the study area.

All the independent variables in the model had
positive regression coefficients indicating a direct
positive relationship between the inputs and
maize output. The coefficient of determination,
R? was 0.902 which implies that 90.2% of the
variation in the output of maize was accounted
for by the independent variable inputs computed
in the model. The study further revealed that

inadequate rainfall, poor extension services,
pests and diseases, inadequate
storage/processing facilities, and inadequate

credit and lack of market access were additional
threats limiting maize productivity levels in the
study area.

It is therefore recommended that the South
African government should supply inputs to
maize farmers at subsidized rates to promote
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correct application rates. There is a need for an
adequate market with effective stable prices for
the product of maize farmers coupled with
suitable storage facilities to further boost maize
production. Additionally, a strong revitalisation of

the extension services sector is highly
recommended.
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