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This study was undertaken to examine the adoption rate, constraints and factors determining the uptake 
of improved seed varieties in smallholder farming conditions of South Africa, using a maize crop. Primary 
data were collected from 279 smallholder farmers in the Maluti-a-Phofung municipality of the Free State 
Province using a household questionnaire and were validated through focus group discussions with key 
local informants. Descriptive statistics, frequency analysis and a binary logistic model were used for 
data analysis. Results show that the majority of the farmers (>69%) were growing uncertified local seed
varieties saved from their previous harvest or acquired from neighbouring farmers. The lack of awareness 
and knowledge of, inadequate information, unaffordability and unavailability of improved seeds, low 
income and landlessness were major constraints limiting the adoption rate. Age and income were the 
main variables that had a positive and significant effect on the adoption of improved seed varieties, whilst 
ownership of livestock had a significant and negative influence on their adoption. As a result, the promotion 
of improved seed varieties needs to be supported by conducive and effectual institutional policies that will 
improve the provision of extension services, capacity-building initiatives, subsidy programmes, financial 
resources and good agricultural lands, and reduce the transaction costs of improved seed varieties. The 
recommendations from this study can be used by the government and other developmental organisations 
to enhance the wider uptake and use of improved seed varieties in smallholder farming conditions not only 
in the study area but also in other regions with similar challenges.

Significance:
• A lack of awareness and knowledge of, inadequate information, unaffordability and unavailability of

improved seeds, low income and landlessness are key constraints limiting adoption.

• We recommend the provision of knowledge and awareness-raising of improved seed varieties through
enhanced extension services and capacity-building initiatives as key strategies to improve the adoption 
rate.

• The recommendations of this study can be used to enhance the wider uptake and use of improved
seeds and assist smallholder farmers to cope effectively with climate variability and change.

Introduction
Agriculture, particularly rainfed crop production, is extremely susceptible to the impacts of climate change.1 The 
changing rainfall patterns (i.e. rainfall onsets and amounts), elevated air temperatures and increase in the incidents 
of weather-related risks such as droughts, floods, frost, and crop diseases and pests attributed to climate change 
are a serious threat to agricultural production and food security.1-3 These weather-related risks are expected to 
increase in both frequency and magnitude and may push 122 million more people into extreme poverty by the 
year 2030.4 African smallholder farmers are amongst the most vulnerable as a result of their high dependence on 
rainfed crop production and they have limited adaptation capacity due to the lack of knowledge or skills, limited 
resources and financial constraints.1,5,6 There is an urgent need for the development and implementation of effectual 
adaptation and mitigation strategies to combat the negative effects of climate variability on crop production and 
contribute towards the achievement of the Sustainable Development Goals.7,8

Climate-smart agriculture (CSA) is a viable approach to sustainably increase productivity and improve the climate 
resilience of smallholder farmers whilst at the same time reducing agriculture’s contribution to environmental 
contamination and climate change.9,10 The use of improved seeds, particularly climate-resilient varieties, is one 
of the most important and effective CSA strategies to improve crop production and enhance climate resilience 
in smallholder farming conditions.7,11,12 Some of these improved seed varieties possess desirable traits such as 
drought and heat tolerance, early maturing, high yielding, pest and disease resistance, better milling or cooking 
quality, better nutritional content and better nitrogen-use efficiency.13-16 Depending on local context, exposure and 
vulnerability, these traits can help smallholder farmers in the mitigation of abiotic and biotic stresses that are 
prevailing in the specific region.1,17,18

The planting of locally adapted seed varieties of good quality at the right time whilst using sustainable agricultural 
practices and the recommended application rates of other inputs provides healthy crop establishment and 
subsequently good crop yields.13,19-23 Furthermore, the use of high-quality seeds also ensures the efficient use 
of other inputs such as labour, fertilisers and pesticides in farming systems.24 Several other crop management 
strategies to cope with climate change, such as changing seed densities or seed rates and changing crop varieties 
and association, all depend on the stable availability and affordability of good-quality seeds. Furthermore, research 
has shown that improved seed varieties performed significantly better than local seed varieties over a wide range 
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of agro-climatic conditions, under both optimum and stress growing 
conditions in Africa.18,23,25-27 Moreover, empirical studies in different 
African countries have shown that the adoption of improved seed 
varieties increases yields, yield stability, food security and profitability 
and reduces poverty in smallholder farming conditions.12,14,18,28

Despite substantial efforts in research on the development and promotion 
of improved seed varieties as part of the Green Revolution initiative29, the 
wider uptake and use of improved seed varieties by smallholder farmers 
is still low and unsatisfactory in Africa16,17,26,30. Thus, most African 
smallholder farmers plant local or indigenous varieties (landraces) 
that produce lower yields and are often most vulnerable to abiotic and 
biotic stresses, regardless of numerous improved seed varieties that are 
commercially available.14,31 Consequently, crop yields of smallholder 
farmers remain very low and stagnant despite the proliferation of input 
subsidy programmes of the national governments and developmental 
agencies in Africa.17,27 For example, the Agricultural Research Council 
(South Africa) has been involved in projects such as the Water Efficient 
Maize for Africa (WEMA) and Improved Maize for African Soils (IMAS) 
aimed to develop, test and disseminate improved maize varieties to 
improve yields and food security under the threat of climate variability in 
smallholder farming conditions.32 However, the low adoption of improved 
seeds by smallholder farmers is a serious concern of the government 
and other development organisations as climate change is already and 
anticipated to continue exposing the most vulnerable communities to 
food and nutrient insecurities, poverty, economic crisis, environmental 
and ecosystem degradation and health issues.33,34

The understanding of the main challenges limiting the wider uptake and 
use of improved seed varieties by smallholder farmers is critical for the 
development and implementation of effectual policies, programmes and 
initiatives aimed at improving crop production, food security and climate 
resilience in smallholder farming conditions with greater potential in 
climate mitigation.5,8,35,36 Previous studies have indicated that restricted 
availability of improved seed varieties, high prices of seeds, risk 
aversion, preference for local varieties, low income, lack of knowledge 
and credits are amongst the major constraints limiting smallholder 
farmers from adopting improved seed varieties.1,13,17,19,37 This previous 
research showed that the key barriers and determinants of adoption of 
improved seed varieties are local-specific due to the differences in local 
seed systems, institutions, policies, political and cultural ideologies, 
availability of resources and infrastructure.1,35

Few studies have investigated the factors influencing the adoption of 
improved seed varieties in South Africa.21,28,36,38 Thus, the understanding 
of key barriers and determinants for the adoption of improved seed 

varieties is limited in South Africa, particularly in smallholder farming 
conditions. Given that South Africa has one of the most established and 
competitive seed sectors in Africa39,40, the understanding of barriers and 
determinants for the adoption of improved seed varieties could give 
new and deep insights into factors to be considered when promoting 
improved seed varieties in smallholder farming conditions. Therefore, 
the present study aims to identify the key barriers and determinants 
of the adoption of improved seed varieties in the Maluti-a-Phofung 
municipality of the Free State Province of South Africa. The present study 
only focuses on the maize (Zea mays L.) crop, one of the main staple 
foods in the southern African region.31,41

In the present study, firstly we determined the adoption rate of improved 
maize seed varieties; secondly, we identified the constraints associated 
with the adoption of improved maize seed varieties; and thirdly, we 
investigated the factors influencing the adoption of improved maize seed 
varieties. Lastly, we recommend pertinent approaches and pathways to 
increase the use of improved maize seed varieties in the study area.

Materials and methods
Study site description
This study was conducted in diverse villages surrounding Harrismith 
and Phuthaditjhaba towns of the Maluti-a-Phofung municipality in the 
Thabo Mofutsanyana district of the Free State province of South Africa 
(Figure 1). The Free State is a summer rainfall region that contributes 
over 30% of the total maize production of the country, mostly under 
rainfed cropping systems.42-45 This region has a subtropical highland 
climate with mean annual precipitation ranging between 500 and 
900 mm and a mean annual air temperature of 17 °C.44 There is high 
spatial rainfall variability in this region due to orographic patterns.42,43,45

The recent increase in the incidents of droughts, frost, hailstorms, and 
crop pests and diseases are the major weather-related risks affecting 
agricultural production in this region.42-44 Therefore, the wider uptake and 
use of improved seed varieties, particularly climate-resilient varieties 
that possess desirable traits such as drought and heat tolerance, early 
maturing, high yielding, disease and pest resistance is expected to 
improve crop production and enhance climate resilience in this region.

Data collection
The study relies on survey data gathered by the ARC as part of the 
InnovAfrica project (www.innovafrica.eu). This 4-year international 
collaborative project was initiated in 2017 with the aim of improving 
the food and nutritional security of African smallholders in six countries, 
including South Africa.46 Detailed information about the activities of the 

Figure 1: Location of the study area.5
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InnovAfrica project in the South African case study was presented by 
Myeni et al.33 Primary data were collected using a pre-tested, structured 
household questionnaire following a systematic random sampling 
technique whilst deliberately targeting smallholder farmers. Details of the 
procedures undertaken during the household survey were presented by 
Myeni et al.5,8 Ethical clearance to conduct the study was provided by 
the Ethical Clearance Committee of the Agricultural Research Council – 
Natural Resources and Engineering. Data collected from a total of 600 
smallholder farmers through the household questionnaire were compiled 
in a Microsoft Excel spreadsheet and underwent a data quality process 
to detect and eliminate incomplete, erroneous and suspicious data. Data 
on the potential pathways to improve the use of improved seed varieties 
within the context of climate change adaptation were collected through 
participatory engagements with multiple local stakeholders such as 
beneficiary farmers, extension officers, farmer associations, agro-dealers 
and traditional leadership during focus group discussions. Furthermore, 
these focus group discussions were used for the validation of the data 
collected through the household survey. After the data quality process, a 
total of 279 questionnaires that had good-quality data were reserved for 
further data analysis using the Statistical Package for the Social Sciences 
(SPSS) version 23.0. Details of the procedures undertaken during data 
analysis are presented in Section 1 of the supplementary material.

results and discussion
The descriptive analysis of the demographic characteristics of household 
heads in the study area is presented in Section 2 of the supplementary  
material.

Types and sources of seeds grown
The results indicate that the majority of smallholder farmers grow 
local seed varieties (76%) whilst only about 14% grow improved seed 
varieties, thereby suggesting a very low level of adoption and use of 
improved seed varieties in the study area (Table 1). The results also 
show that about 10% of the farmers grow unknown seed varieties. These 
findings indicate that some of the farmers plant any seed varieties that 
are accessible and available to them without any prior knowledge of their 
specific characteristics and traits.

The majority of the smallholder farmers planted uncertified seeds either 
from their own farm (41%) or acquired from other farmers (28%), whilst 
about 30% purchased their seeds from cooperatives and private traders 
(Table 2). These findings indicate that the informal farmers’ seed system 
was the main source of seeds grown by smallholder farmers (>69%)
despite its low yield potential, as also reported by previous African 
studies.14,19,33 Generally, the seeds are old varieties that have been 
circulating for decades and they vary from poor to fair in quality.

Determinants to the adoption of improved seed varieties
The results show that the adoption of improved seed varieties was driven 
mostly by factors such as easy and stable access to seeds (32%), high 
yield (29%), taste (14%) and multi-purpose (12%) (Table 3). These 
findings indicate that it is important to consider the farmers’ preferences 
when selecting and promoting particular improved seed varieties in 
the study area. Remarkably, drought tolerance (8%), early maturation 
(5%) and tolerance to pests and diseases (0.4%) were the least reasons 
stimulating the farmers to adopt improved varieties. This suggests that 
most of the farmers lacked knowledge and information regarding seed 
varieties, their attributes, as well as their critical roles in combating the 
effects of climate variability. The focus group discussions revealed that 
most of the farmers plant local seeds mainly because this variety has 
easy and stable accessibility for free or at a low cost.

Constraints to adoption of improved seed varieties
The results indicate that most of the farmers (76%) perceived no quality 
problems with their seeds (Table 4). The focus group discussions 
revealed that most farmers were mostly unaware of the quality indicators 
used to define good-quality seeds and their estimations of quality were 
only based on the physical appearance of the seeds. At least 15% of 
farmers indicated that a low germination rate was one of the quality-
related challenges being observed in their seeds whilst only 6% of 
respondents indicated that unhealthy seeds were the key constraint.

The majority of the farmers (29%) perceived that they had not 
experienced any non-availability of improved maize seeds in the study 
area (Table 5). Furthermore, the results indicate that a limited number 
of suppliers (21%), poor road infrastructure (17%), limited quantity 
available from the supplier (14%), long distance to the supplier (11%) 
and unsuitable package size (7%) were the major reasons limiting the 
availability of improved seeds in the study area. This suggests that 
although improved seed varieties are readily available from the formal 
market, the high transaction cost of improved seed varieties attributed 
to the long distances to the suppliers, the limited number of suppliers, 
poor road infrastructure and unsuitable package size were the major 
constraints limiting the adoption of improved seed varieties in the study 
area. Our findings are in agreement with previous studies that have 

type of maize variety Frequency Percentage (%)

Local seeds 213 76.3

Improved seed varieties 38 13.6

Unknown 28 10.1

table 1: Types of maize variety grown (n = 279)

Source of seeds Frequency Percentage (%)

Government 3  1.1

Cooperatives 46 16.5

Private traders (e.g. agro-dealers) 37 13.3

Own farm 113 40.5

Other farmers 79 28.3

NGO 1  0.4

table 2: Sources of seeds (n = 279)

reason for choice of the variety grown Frequency Percentage (%)

Easy and stable access to seeds 88 31.5

Drought tolerant 21  7.5

High yielding 82 29.4

Early maturing 13  4.7

Taste 40 14.4

Tolerant to pests and diseases 1  0.4

Multi-purpose e.g. grain and fodder 34 12.2

table 3: Reasons for the choice of seed variety grown (n = 279)

Quality problem Frequency Percentage (%)

No problem 231 75.8

Low germination rate 42 15.1

Unclean seed (low physical seed purity) 16  5.7

Unhealthy seeds (carry pests and diseases) 3  1.1

Not pure variety 6  2.2

Fake seeds on sale 2  0.5

table 4: Seed quality problems (n = 279)
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reported similar constraints to the utilisation of improved seeds by 
smallholder farmers.47,48

The majority of the farmers (58%) perceived that seeds were accessible 
without any challenges (Table 6). This is probably because most of 
them use seeds that are saved from the previous harvest or acquired 
from neighbouring farmers. Furthermore, the results indicate that limited 
purchasing power (23%), ineligibility for support or subsidy (11%) and 
limited access to social networks (7%) were the major challenges faced 
in accessing improved seed varieties in the study area. This suggests 
that although improved seed varieties are readily available from the 
formal market, the farmers cannot afford to purchase them due to 
financial constraints. Similar findings have been reported in previous 
studies where the cost of improved seed varieties has been identified as 
one of the key constraints to the adoption of improved seed varieties by 
African smallholder farmers.1,36,49

Factors influencing the adoption of improved seed 
varieties by smallholder farmers

Characteristics of adopters and non-adopters of improved seed 
varieties

The results show significant mean differences between adopters 
and non-adopters only regarding gender, income and land, whilst the 
other differences were marginal (Table 7). The results suggest that 
male farmers were more likely to adopt improved seed varieties at a 
10% significance level due to their higher chances of accessing new 
information, agricultural resources and financial resources compared to 
their female counterparts. Our findings are similar to previous studies 
that postulated that male farmers were more likely to adopt improved 
seed varieties.35,36 Off-farm and on-farm income for adopters was 
significantly larger than that of non-adopters at a 1% level, thereby 
suggesting that farmers with higher incomes were more likely to adopt 
improved seed varieties than poor farmers, also reported by.17,36 The 
results indicate that the majority of adopters owned more land than the 
non-adopters, suggesting that farmers who owned land were more likely 
to adopt improved seeds at a 10% level. The results also reveal that 
the average farm size for adopters was significantly larger than that of 
non-adopters at a 5% level, thereby suggesting that farmers with larger 
farm sizes were more likely to adopt improved seed varieties than their 
counterparts. This could be due to those farmers having enough land to 

experiment and test new varieties whilst preserving some space for their 
preferred local varieties. Our findings are in agreement with previous 
studies that reported a significant positive relationship between farm 
size and the probability of adoption of improved seed varieties.17,26,30,35,38

Factors affecting the adoption of improved seed varieties by 
smallholder farmers
The results estimated using a binary logistic regression model show that 
age (p < 0.1), off-farm income (p < 0.05), on-farm income (p < 0.01) 
and ownership of livestock (p < 0.05) are the key explanatory variables 
that had a substantial effect on the adoption of improved seed varieties by 
smallholder farmers (Table 8). Only the key factors that had a significant 
influence on the adoption of improved seed varieties in the study area are 
briefly discussed in this sub-section.

Age

The results indicate a significant positive relationship between the age 
of the farmer and the probability of adoption of improved seed varieties 
at a 10% level. They reveal that for a unit increase in age, the odds 
ratio of a smallholder farmer adopting improved seed varieties is 1.033. 
The possible explanation for this is that older farmers might be more 
experienced and some might have worked for commercial farmers and 
thus been exposed to the different types of improved seed varieties. 
Furthermore, some of the older farmers could have observed over the 
years that their traditional seed varieties were becoming more unreliable 
and gave low yields and thus, they were exploring different coping 
strategies to meet their production needs. Our findings are in line with 
previous studies that reported a positive relationship between the age of 
a farmer and the adoption of improved maize varieties.50,51 However, they 
differ from other studies that postulate that younger farmers were more 
likely to adopt improved seed varieties due to their enthusiasm for taking 
risks and exploring new technologies.17,30

Income

The results indicate that farmers with higher off-farm income were 1.000 
times more likely to plant improved seed varieties at a 5% level whilst 
farmers with higher on-farm income were 1.001 times more likely to 
plant improved seed varieties at a 1% level. These findings suggest that 

Availability problem Frequency Percentage (%)

No problem 172 28.7

A limited number of suppliers 59 21.1

Limited quantity available from the supplier 39 14.0

Unsuitable package size 20  7.2

Long distance to the supplier 31 11.1

Poor road infrastructure 47 16.8

Not available at the right time 4  1.4

table 5: Seed availability problems (n = 279)

Access problem Frequency Percentage (%)

No problem 176 58.4

Limited purchasing power 65 23.3

Limited access through social networks 20  7.2

Not eligible for support or subsidy 31 11.1

table 6: Seed access problems (n = 279)

Independent variable Means

Non-adopter Adopter Difference

Gender 0.49 0.61 −0.12*

Age 57.90 60.11 −2.20

Level of education 5.09 6.11 −1.02

Occupation 0.77 0.84 −0.07

Off-farm income 1778.71 2537.90 −759.19***

On-farm income 86.51 426.32 −339.80***

Access to media 0.95 0.95 0.00

Distance to market 16.62 17.20 −0.57

Ownership of transport 0.57 0.66 −0.09

Ownership of land 0.72 0.84 −0.12*

Farm size 0.36 0.56 −0.20**

Ownership of livestock 0.25 0.18 0.06

Access to extension services 0.01 0.03 −0.02

*p < 0.1, **p < 0.05, ***p < 0.01

table 7: Characteristics of adopters and non-adopters of improved seed 
varieties
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both off-farm and on-farm income were the key determinants of the 
adoption of improved seed varieties in the study area. This substantiates 
the view that access to high income provides farmers with greater 
powers to purchase improved seed varieties, as also reported by 
previous studies.36,52

ownership of livestock

The results indicate that ownership of livestock had a negative and 
significant effect (−1.299) on the adoption of improved seed varieties 
at a 5% level. For a unit increase in the ownership of livestock, the odds 
ratio of a smallholder farmer adopting improved seed varieties is 0.273. 
This suggests that farmers who owned livestock were more comfortable 
and likely to feed their livestock with their traditional varieties for 
which they were more familiar with their characteristics and traits than 
unknown improved seed varieties with high uncertainties. This indicates 
that farmers lack information on these new varieties and how different 
livestock could respond to them. Our findings differ from previous studies 
that postulate that ownership of livestock had a significant positive effect 
on the adoption of improved seed varieties.53,54 This could be due to 
the fact that those studies often associated livestock ownership with 
wealth and, hence, the purchasing power of inputs. However, most of 
the farmers in our study area were not selling their livestock but instead 
keeping them for their own consumption and traditions.

Conclusions and recommendations
This study was undertaken to examine the adoption rate, constraints 
and factors determining the adoption of improved seed varieties in 
smallholder farming conditions in the Maluti-a-Phofung municipality of 
the Free State Province of South Africa, using a maize crop. The results 
show that most of the smallholder farmers grew uncertified local seed 
varieties saved from their previous harvest or acquired from neighbouring 
farmers. The adoption of seed varieties was driven mostly by factors 
such as easy and stable access, high yield, taste and multi-purpose 
use. The results also reveal that most of the farmers used improved 
seed varieties without full knowledge of their specific characteristics, 
traits and ecological requirements, and how to effectively use them. The 

major barriers limiting smallholder farmers from adopting the improved 
seed varieties include lack of awareness and knowledge, inadequate 
information, unaffordability and unavailability of improved seeds, low 
income and landlessness. Age and income were the key factors that 
significantly and positively affected the adoption of improved seed 
varieties, whilst ownership of livestock had a significant negative effect 
on their adoption.

Based on the findings, the provision of knowledge and awareness-
raising of improved seed varieties through enhanced extension services 
and capacity-building initiatives are highly recommended to overcome 
knowledge constraints. This study also encourages the government to 
improve the existing subsidy programmes and enhance the provision 
and accessibility of financial resources that are inclusive for smallholder 
farmers, including women and youth. To improve the availability 
and affordability of good-quality seed varieties, we recommend that 
improved seed varieties be sold at a local market in small and affordable 
micro-packs (2 or 5 kg). The government is also encouraged to improve 
the infrastructure in remote rural areas to reduce transaction costs for 
transportation inputs and marketing products. Smallholder farmers are 
encouraged to work in groups and buy inputs such as improved seeds 
and fertilisers in bulk at bargain purchasing and transportation costs. We 
also recommend that community-based seed banks are developed and 
improved to ensure that the required quantities of locally adapted seeds 
of good quality are available in remote areas during the planting season 
and at affordable prices. The recommendations of this study can be used 
by the government and other developmental organisations to enhance 
the wider uptake and use of improved seed varieties in smallholder 
farming conditions and assist farmers to cope effectively with climate 
variability and change.
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