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In southern Africa, conservation agriculture (CA) has been promoted to address low 
agricultural productivity, food insecurity, and land degradation. However, despite 
significant experimental evidence on the agronomic and economic benefits of CA 
and large scale investments by the donor community and national governments, 
adoption rates among smallholders remain below expectation. The main objective 
of this research project was thus to investigate why previous efforts and investments 
to scale CA technologies and practices in southern Africa have not led to widespread 
adoption. The paper applies a multivariate probit model and other methods to survey 
data from 4,373 households and 278 focus groups to identify the drivers and barriers 
of CA adoption in Malawi, Zambia, and Zimbabwe. The results show that declining soil 
fertility is a major constraint to maize production in Zambia and Malawi, and drought/
heat is more pronounced in Zimbabwe. We also find gaps between (a) awareness 
and adoption, (b) training and adoption, and (c) demonstration and adoption rates 
of CA practices in all three countries. The gaps are much bigger between awareness 
and adoption and much smaller between hosting demonstration and adoption, 
suggesting that much of the awareness of CA practices has not translated to greater 
adoption. Training and demonstrations are better conduits to enhance adoption than 
mere awareness creation. Therefore, demonstrating the applications and benefits of 
CA practices is critical for promoting CA practices in all countries. Besides, greater 
adoption of CA practices requires enhancing farmers’ access to inputs, addressing 
drudgery associated with CA implementation, enhancing farmers’ technical know-
how, and enacting and enforcing community bylaws regarding livestock grazing 
and wildfires. The paper concludes by discussing the implications for policy and 
investments in CA promotion.
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1. Introduction

Poor soil fertility and drought are the major constraints to maize 
production in southern Africa. According to Omuto and Vargas 
(2018), there is a high prevalence of soil degradation linked to 
inadequate soil fertility management, fragile soils, steep slopes, limited 
extension services, low level of awareness and poor adoption of soil 
conservation technologies, erratic and high rainfall intensities, and 
little soil cover. Moreover, the effects of climate change and population 
growth further threaten the livelihoods of millions of farmers in the 
region (Lobell et  al., 2008; Sanginga and Woomer, 2009). The 
increased threats of climate change, soil fertility decline, and pressure 
on food and nutrition security require transforming the current 
farming systems into more robust ones based on good agronomy and 
conservation agriculture (CA)1 (Giller et al., 2015; Thierfelder et al., 
2017). Improved seeds and mineral fertilizers alone are insufficient: 
improved maize and legume varieties and improved and more 
sustainable land-use practices—particularly those that increase water 
and nutrient capture—are imperative. Adaptation to a changing 
climate requires new and innovative solutions at the field, farm, and 
community levels; and at different intensities (Cairns et al., 2012). CA 
has increasingly been promoted in southern Africa to address many 
problems associated with conventional agriculture, including soil 
degradation, high labor demands, and drought. As a practice, CA 
addresses low soil fertility, moisture deficits, and low management 
standards through the use of soil-fertility-enhancing technologies 
(precision fertilizer application, crop rotations, sequencing, and 
interactions), improved moisture use efficiency, and higher standards 
of agronomic management practices (Marongwe et  al., 2011; 
Mafongoya et al., 2016; Madembo et al., 2020).

However, in southern Africa, the adoption rate of CA practices is 
below expectation, despite significant experimental evidence on the 
agronomic and economic benefits of CA and significant investments 
by the donor community and national governments in the region. 
Recent evidence shows slow and, at times, dis-adoption of this 
promising technology (Mazvimavi and Twomlow, 2009; Arslan et al., 
2014; Pedzisa et al., 2015a; Grabowski et al., 2016; Brown et al., 2017; 
Ng’ombe et al., 2017; Tambo and Kirui, 2021). Farmers who implement 
CA often do not practice all three CA principles in all cropping cycles 
and on all their plots. In sub-Saharan Africa, approximately 1.3 
million ha are estimated to be  under some form of CA practice, 
involving some 500,000–600,000 smallholder farmers in southern 
Africa (Kassam et al., 2014; Whitfield et al., 2015). Farmers often 
partially adopt or disadopt CA practices when donor funding runs 
out. Some resource-constrained farmers are only willing to try the 
technology when they receive free inputs, which is not sustainable.

In Malawi, many studies show several factors that affect adoption 
of CA practices (Ngwira et al., 2014; Holden et al., 2018; Chinseu et al., 
2019; TerAvest et al., 2019; Hermans et al., 2020; Jew et al., 2020). A 
study conducted in the southern part of Malawi shows that a shortage 

1 CA is a farming method based on (a) minimal mechanical soil disturbance, 

(b) permanent organic soil cover by crop residues and cover crops, and (c) 

diversified crop rotations or associations with legumes. As such it removes the 

components of conventional agricultural systems that lead to soil and land 

degradation.

of labor and finance to purchase fertilizer and improved seeds 
influenced the adoption of CA practices (Jew et al., 2020). Ngwira 
et al. (2014) also found that the availability of labor, cultivated land 
area, and group membership affected the adoption of CA practices in 
central and southern Malawi. The study on the effects of CA practices 
on labor use and financial returns among smallholder farmers in 
Nkhotakota and Dowa districts shows that input costs and low output 
prices constrain the profitability of CA practices (TerAvest et  al., 
2019). Holden et al. (2018) studied the role of a lead farmer promoter-
adopter approach in enhancing adoption of CA and found positive 
results. Chinseu et  al. (2019) found that the main driver of CA 
disadoption is CA implementation arrangement stating that CA is a 
labor-saving, time-saving, and yield-improving technology that 
farmers could not realize.

In Zambia, studies on the uptake and intensity of CA practices 
show several factors that affect its adoption. For example, a survey on 
the adoption and adoption intensity of minimum tillage using panel 
data (2010–2014) collected for crop production forecast found that 
seasonal rainfall and being in a district where minimum tillage was 
promoted as impediments (Ngoma et al., 2016). Arslan et al. (2014) 
studied adoption of minimum soil disturbance and crop rotation 
using Rural Agricultural Livelihood Survey (RALS) data collected in 
2004 and 2008 and found that extension services, rainfall variability, 
agroecology, and socioeconomic factors affect their adoption. Other 
studies show that using CA benefits farmers technically by increasing 
productivity (Abdulai, 2016; Abdulai and Abdulai, 2017) and 
environmentally by reducing the environmental burden from surplus 
nitrogen (Abdulai and Abdulai, 2017). In Zimbabwe, CA adoption 
and its intensity is affected by education, institutional support, and 
agroecological location (Mazvimavi and Twomlow, 2009; Pedzisa 
et al., 2015b).

However, previous studies on CA adoption had methodological 
and data limitations to rigorously identify the drivers and barriers 
of CA adoption. First, most studies only used quantitative methods 
and data collected for purposes other than studying CA adoption. 
For example, in Zambia, crop forecast data (Ngoma et al., 2016) 
and RALS data (Arslan et al., 2014) were used to study adoption of 
CA practices. Second, some studies used small samples, which are 
not nationally representative. For example, Ngwira et al. (2014) 
used only 151 adopters and 149 nonadopters from 10 extension 
planning areas in central and southern Malawi districts to study 
the adoption of CA practices among smallholder farmers in 
Malawi. Abdulai (2016) also used data collected from 408 
households from 12 districts in Central, East, West, and Southern 
provinces to study the determinants and impacts of CA practices 
on household welfare. Third, some studies, such as Arslan et al. 
(2014), used old data (2004–2008) and may fail to inform the 
prevailing situation about CA adoption. Our study uses 
representative quantitative and qualitative data collected from 
various agroecologies to analyze drivers and barriers of CA 
adoption in southern Africa. More specifically, this study analyzes 
smallholder farmer contexts and decision-making regarding CA 
practices to identify barriers to sustainable adoption and inform 
scaling strategies for wider adoption. The rest of the paper is 
structured as follows: The next section presents the methodology 
and approach adopted, whereas the third section presents and 
discusses study findings. The last section concludes with policy 
implications and recommendations.
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2. Materials and methods

2.1. Survey design

This study uses qualitative and quantitative data collected by the 
International Institute of Tropical Agriculture (IITA) and the 
International Maize and Wheat Improvement Center (CIMMYT) in 
2021 from 27th March to 10th May in Malawi, 25th April to 6th June in 
Zambia, and 24th March to 30th April in Zimbabwe. In Malawi, we used 
a multistage sampling approach to select districts, extension planning 
areas (EPAs), sections, villages, and focus groups for focus group 
discussions (FGDs); and households for the quantitative interviews. 
We selected three districts from lowland agroecology and four from 
the mid-elevation upland plateau. The districts represent the major 
agroecologies in Malawi and are high in CA prevalence according to 
National CA Task Force Team and some literature (e.g., Ngwira et al., 
2014; TerAvest et al., 2019). We used high CA prevalence as criteria to 
choose EPAs and sections and random sampling to select villages and 
households. Finally, our sample in Malawi comprised 1,512 
households and 126 focus groups selected from seven districts, 21 
EPAs, 63 sections, and 189 villages. We conducted two FGDs per 
section, one for each women and men.

Similarly, we used the same approaches to select seven districts in 
Zambia representing three agroecological regions and based on CA 
prevalence – Choma and Siavonga from Region I; Chipata, Kaoma, 
and Mumbwa from Region II; and Mpongwe and Serenje from Region 
III. We selected two blocks per district and two camps per block using 
high CA prevalence as a criterion. In the subsequent stages, we used 
random sampling to select two villages per camp and 25 households 
per village, making the total sample 1,407 households. We conducted 
112 focus group discussions (two focus groups – one for women and 
men – per village). Unlike in Malawi where we conducted FGDs at the 
selection level, in Zambia, we conducted FGDs at the village level 
because the number of households in a village in Zambia is equivalent 
to the number of households in a section in Malawi.

In Zimbabwe, we  selected 10 districts representing all five 
agroecological zones based on high CA prevalence (Table  1). 
We selected two high CA prevalent wards per district in the second 
stage. In the subsequent stages, we randomly selected three villages 
per ward and 25 households per village, with the ultimate sample size 
of 1,455 households. We conducted two FGDs per ward, culminating 
in 40 FGDs in total. Table 1 presents the sample households and FGDs 
in the three countries, and Figure  1 shows the geographical 
distribution of the households.

2.2. Data

2.2.1. FGDs and household survey
The content of the FGDs, among others, investigated the extent 

to which drought, heat, flood, soil fertility decline, soil erosion, and 
pests and diseases affect crop production in the communities of the 
focus groups. Using a pairwise ranking approach, the focus groups 
ranked the factors and discussed what farmers do to minimize the 
effects the identified factors. They discussed to what extent and how 
CA helps to reduce these effects. The focus groups also discussed the 
trends in and reasons for adoption, nonadoption, and dis-adoption 

of CA practice components – minimum soil disturbance (ripping, 
planting basins, and zero tillage), mulching, and cereal-legume 
rotation and intercropping. Besides, they discussed sources of CA 
information, and their participation in CA promotion activities such 
as attending field days and hosting demonstration plots. Finally, the 
focus groups ranked CA components according to farmer preference.

For the household study, we  used a structured questionnaire 
developed by the socioeconomics team, reviewed by CA technical 
experts, and programmed in the World Bank’s Survey Solutions 
computer-assisted personal interviews (CAPI) software. Among 
others, the household survey included modules on: (1) demographic 
characteristics; (2) ownership of land, livestock, and other assets; (3) 
major agricultural production constraints; (4) access to credit; (5) 
social capital and networking; and (6) conservation agriculture 
knowledge and adoption. Before the final data collection, we pre-tested 
the questionnaire and implemented it with trained enumerators and 
close supervision and backstopping of the senior staff to ensure quality 
data collection.

TABLE 1 Sample size distribution by district and agro-ecological zone.

Districts Agro-
ecological 
description

Number 
of FGs

Number of 
households

Malawi districts

Nsanje, 

Nkhotakota, 

and Balaka

Low land: 250–

760 m asl

54 648

Dowa, Rumphi, 

Chitipa, and 

Zomba

Mid-altitude: 

>761 m asl

72 864

Total 126 1,512

Zambia districts

Choma and 

Siavonga

Region I: <800 mm 32 400

Chipata, 

Kaoma, and 

Mumbwa

Region II: 800–

1,000 mm

48 602

Mpongwe and 

Serenje

Region III: 

>1,000 mm

32 405

Total 112 1,407

Zimbabwe districts

Chiredzi and 

Matobo

Region V: <500 mm 8 300

Bubi, Zaka, and 

Masvingo

Region IV: 450–

600 mm

12 450

Gokwe South 

and Kwekwe

Region III: 600–

700 mm

8 253

Nyanga, 

Murehwa, and 

Shamva

Region II: 700–

1,050 mm

12 452

Total 40 1,455
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2.3. Data analysis

We use descriptive statistics and econometric models to analyze 
the data. Qualitative data are converted to quantitative data and 
summarized. The hypothesis and justification of variables in the 
model are given in Table 2. We used a pairwise ranking approach 
(Russel, 1997) to rank major constraints to agricultural production 
and farmers’ preferences for CA practices. We also used a multivariate 
probit model to examine determinants of CA adoption. Below is a 
detailed description of the multivariate probit model.

2.4. Econometric framework and 
estimation strategy

2.4.1. Estimating the determinants of CA adoption
A farmer’s decision to adopt or abandon a particular agricultural 

technology or practice is affected by several factors (Foster and 
Rosenzweig, 2010). These factors include (1) household 
characteristics such as age, gender, education level, and occupation 
of the household members who make a decision; household size 
and marital status; (2) ownership of the farm and non-farm assets, 
including land and livestock, (3) social capital and networks such 
as membership to and role in farmers organizations, kinship and 
other networks, (4) access to extension services, availability and 
costs of inputs and credit, (5) farmers behavior such as risk attitude 
and time preference, (6) availability of output markets and 
reasonable prices, and (7) biophysical factors such as the occurrence 
of pests and diseases, drought and flood; soil quality, water 
availability, topography, and seasonal temperature changes, among 
others. Table  2 summarizes the hypothesized determinants 

influencing adoption of CA in the study countries. Furthermore, 
we assume interdependence of adoption decision of CA practices, 
i.e., adoption decision of one CA component depends on the 
adoption decision of other CA components. Thus, all CA 
components have to be modelled simultaneously. This assumption 
is informed by the fact that CA tends to significantly impact crop 
yields more when all three CA principles are implemented (TerAvest 
et al., 2019) and has been promoted as such. Jew et al. (2020) also 
note that the partial application of CA principles gives a lower yield 
than full CA. The case at hand calls for a model that can handle all 
CA components to take care of potential correlations. The 
Multivariate Probit (MVP) model uses concurrent interdependent 
equations for adopting different agricultural technologies (Khanna, 
2001; Belderbos et al., 2004; Gillespie et al., 2004; Ndiritu et al., 
2014). Following Gillespie et al. (2004) and Ndiritu et al. (2014), 
we can express MVP as two systems of equations.

The first system of the equations is:

 
Y x j MT M R Ihj j h h
∗ ′= + =β ε , , , ,

 
(1)

where Yhj∗  is a latent (unobservable) dependent variable 
representing a level of benefit or utility derived from the adoption of 
MT M R and I Xhp, , , . denotes observed characteristics of the 
household, h . Where MT, M, R, and I stand for minimum tillage, 
mulching, rotation, and intercropping, respectively. A household 
adopts CA practices if the benefit from adoption exceeds that 
from nonadoption.

The second system of equation expresses an observable binary 
choice of CA practices by households as follows:

FIGURE 1

Study sites.
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TABLE 2 Hypothesized determinants/factors influencing adoption of CA in southern Africa.

Independent variable/factor Measure Sign Justification

Household head age Years + Older farmers with better farm experience are more likely to practice 

CA (Mazvimavi and Twomlow, 2009; Ngwira et al., 2014; Ng’ombe 

et al., 2017).

Household head gender 1 = Male, 0 = female + Female farmers tend to have labor constraints and may not practice 

all components of CA (Mazvimavi and Twomlow, 2009; Congress 

et al., 2010; Ngwira et al., 2014; Ng’ombe et al., 2017).

Household head education level Years + Increases the speed with which CA information is processed and may 

likely lead to CA adoption (Kotu et al., 2017; Ng’ombe et al., 2017; 

Khonje et al., 2018).

Household size Number of family members + May reflect labor endowment for a household need to address 

perform various CA-related application activities (Ngwira et al., 

2014).

Kinship Number of relatives within or 

outside the village

+ Reflects household’s social capital and its power in information 

sharing regarding CA practices (Fisher et al., 2018).

Farmer group membership 1 = Yes, 0 = no + Increases farmer access to key services such as credit and extension 

critical for CA uptake.

Extension access Number of extension contacts per 

agricultural season

+ Extension services increase information on CA awareness and 

subsequent uptake and application of CA principles (Mazvimavi and 

Twomlow, 2009; Wossen et al., 2017; Fisher et al., 2018; Ngoma et al., 

2021).

Cultivated land Hectares (ha) + Gives the farmer the flexibility to practice CA alongside other 

conventional practices thereby spreading the risk. However, the 

expected effect is mixed depending on the type of technology under 

consideration. (Mazvimavi and Twomlow, 2009; Ngwira et al., 2014; 

Ngoma et al., 2021).

Share of rented in land % of rented in land − Reflects tenure security status and reduces the likelihood of investing 

in CA due to the limited time horizon as a result of lack of land 

tenure security rights. (Arslan et al., 2014).

Access to subsidized inputs 1 = Yes, 0 = no Provide incentive for farmer to practice CA.

Livestock ownership Total tropical livestock units (TLU) − May conflict with CA principles (such as mulching) uptake due to 

competition over crop residues for feed. (Ngwira et al., 2014; Ng’ombe 

et al., 2017).

Own radio 1 = Yes, 0 = no + Enhances access to information on CA.

Own mobile phone 1 = Yes, 0 = no + Enhances access to information on CA (Wossen et al., 2017).

Own bicycle 1 = Yes, 0 = no + Enhances access to information on CA.

Own motorbike 1 = Yes, 0 = no + Enhances access to information on CA aiding mobility to extension 

and input service providers.

Risk aversion 1 = Yes, 0 = no − Risk averse farmers are less likely to adopt new technologies like CA 

as opposed to conventional tillage (Mazvimavi and Twomlow, 2009; 

Arslan et al., 2014).

Time preference 1 = high discount rate, 0 = low 

discount rate

− Farmers who prefer immediate benefits are less likely to adopt CA.

Value of farm assets (MWK) (ZMK) ($) + Reflects wealth status of a household and the ability to finance key 

inputs (including labor) required for adoption of CA.

Off-farm employment 1 = Yes, 0 = no + Offers alternative source of income that may be used to invest in CA 

technologies such as herbicides and pay labor (Wossen et al., 2017).

Market distance Km − Increases transaction costs and thus limit access to inputs/

technologies (Kotu et al., 2017; Wossen et al., 2017).

District/geographical location 1 = Yes, 0 = no ± Accounts for agroecological differences that may have mixed effect on 

adoption of CA (Mazvimavi and Twomlow, 2009; Arslan et al., 2014; 

Pedzisa et al., 2015a,b; Ng’ombe et al., 2017).
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T if Y and

otherwise
hj

hj= >




1 0
0

* ,

 (2)

where Thj  is the adoption of the jth  CA practice by the hth  
household.

In this model, we assume the stochastic terms ( εMT , εM , εR , 
and ε I ) to be  a jointly distributed multivariate normal random 
variable ( MVN 0,∅( )( ) , where ∅  is a variance–covariance matrix 
given as follows:

 

∅ =



















1 12 13 14
21 1 23 24
31 13 1 34
41 42 43 1

p p p
p p p
p p p
p p  (3)

The off-diagonal elements represent estimates of the 
correlations between the equation error terms, rho ρ( ),  for any 
two adoption equations in the MVP model. According to Ndiritu 
et al. (2014), when there is a correlation between the error terms, 
the off-diagonal elements in the variance–covariance matrix of 
adoption equations become non-zero, and equation 1 becomes an 
MVP model. A positive correlation shows a complementary 
relationship, while a negative correlation shows a substitute 
relationship among CA adoption decisions. The model was 
estimated based on the Geweke–Hajivassiliou–Keane (GHK) 
simulation method and maximum likelihood estimation 
(Cappellari and Jenkins, 2003).

3. Results and discussion

3.1. Focus group discussion results

3.1.1. Biotic and abiotic constraints to maize 
production

The results of the FGDs show that drought is the number one 
constraint to crop production in Zambia and Zimbabwe, while the 
same is true for pests and diseases in Malawi (Table  3). Soil 
fertility decline is the other major constraint to crop production 
in the three countries. Heat is another important constraint in 
Zimbabwe. In Malawi and Zambia, men and women focus groups 
ranks are similar.

Table 4 presents measures to minimize the impacts of the three 
major crop production constraints in Malawi and Zambia. The results 
of the multiple responses show that mulching can improve declining 
soil fertility through the supply of organic matter and drought by 
preserving moisture. In Zambia, conserving water and minimum 
tillage can minimize the effects of drought and declining soil fertility, 
respectively. The focus groups also indicated that preserving soil 
moisture and cereal legume association can help reduce the effects of 
drought and declining soil fertility in Zambia. Forty percent of men 
and women focus groups in Malawi and 51% of women focus groups 
in Zambia think CA cannot address crop production problems 
caused by pests and diseases.

In contrast, a quarter of men focus groups in Malawi, and 
about half of men focus groups in Zambia perceive that crop 
rotation and intercropping can interrupt the lifecycle of some pests 
and diseases and thus minimize crop damage. The focus groups 
with a positive impression of CA on pests and diseases argued that 
crop rotation and intercropping break pest lifecycles, and crop 
residue mulching hinder the infestation of crops by pests and 
diseases. Tambo and Kirui (2021) in their study in Zambia also 
found that conservation agriculture can offset the negative effects 
of fall army worm infestation on maize yield. However, some 
farmers view these positive benefits as not being substantial 
enough. However, 40% of men and 43% of women focus groups in 
Malawi and 51% of women focus groups in Zambia think CA does 
not help combat the problem of crop pests and diseases. In Malawi, 
the focus group said fall armyworm attacks maize on CA and 
conventional farm fields.

Moreover, crop residue retention encourages termite infestation 
and pest transfer from the previous growing season. In Malawi, 40% 
of women’s focus groups reported a lack of knowledge on how CA can 
minimize the effects of pests and diseases. In Malawi and Zambia, the 
difference in perception of measures to reduce the effects of the 
constraints is trivial.

In Zimbabwe, men’s focus groups indicated that drought and heat 
affect livestock in all districts; and winter plowing, preparing basins as 
early as possible, and retaining crop residue are mentioned as the 
measures to minimize the effects of drought. The third constraint to 
crop production in Zimbabwe, according to the FGDs, is soil fertility 
decline. According to the FGDs, using fertilizer, legume-cereal 
rotations, intercropping, and applying humus, ash, compost, anthill 
soil, topsoil, and manure can minimize the effects of soil 
fertility decline.

3.1.2. Preference for conservation agriculture 
practices

Table 5 presents pairwise ranking results on the preferences of 
the components of CA practices by focus groups. The focus groups 
ranked the components of the CA practices based on their 
experiences and perceived benefits from using the CA practices or 
the benefits they have observed from their neighbors. Results indicate 
that Full CA is the most preferred practice by men and women focus 
groups in Malawi and Zambia and women focus groups in Zimbabwe. 
In Zimbabwe, men’s focus groups ranked minimum tillage and 
cereal-legume rotation/intercropping first and the full CA third. The 
main reason for ranking full CA as first was the maximum yield 
benefits associated with its use compared to other options. In Malawi 
and Zambia, focus groups perceive cereal-legume rotation/
intercropping as a crop diversification strategy that hedges against 
crop failure, mainly maize, the dominant food crop in the 
three countries.

3.1.3. Barriers to the adoption of conservation 
agriculture

Figure 2 presents the results of the FGDs on barriers to CA 
adoption in the communities. In Malawi, the main barriers to 
adopting CA practices are lack of interest and incentive and labor 
intensive nature of the CA practices. Limited technical knowledge 
about CA application, burning of crop residue by mice hunters, 
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pests and disease, competition for crop residues for livestock feed 
and tobacco nurseries, and limited access to farm inputs also affect 
adoption of CA practices. In Zambia, the main barriers to adopting 
CA practices are labor intensity, limited access to farm inputs, 
limited technical knowledge about CA application, lack of interest 
and incentive, and weed infestation. In Zambia, ripping is the 
dominant practice that needs capital to purchase rippers and 
herbicides. Limited technical knowledge about CA application also 
hindered CA adoption in Zambia. The results align with the 
findings of the study in southern Africa (Lee and Gambiza, 2022). 
In Zimbabwe, The labor-intensive nature of CA practices is the 
main barrier to its adoption.

3.2. Household survey results

3.2.1. Characteristics of the sample households
Table 6 presents descriptive results of the characteristics of 

minimum tillage (MT)-based CA adopters and nonadopters. 
MT-based CA adopters are those farmers who adopted minimum 
tillage for at least two consecutive years, including the 2020/21 
farming season. The results show that, in all countries, CA 
adopters have a higher education level and are also members of 
farmer organizations and risk-takers than nonadopters. Higher 
education could help adopters obtain, process, and utilize 
information relevant to CA practices better than nonadopters. In 
Malawi and Zambia, adopters of CA practices have more 
household members, number of relatives within or outside the 
village (kinship), and extension contacts per year. Kinship shows 
a household’s social capital, and the results signal the power of 
social capital in information sharing regarding CA practices. 
Besides, in Malawi, more CA adopters than nonadopters own 
radios and bicycles, have more access to non-farm employment, 
are wealthier (livestock and land), and have a lower discount rate. 
In Zambia, more adopters than nonadopters own radios, phones, 
bicycles, and motorbikes; have access to non-farm employment 
and subsidized inputs such as fertilizer, improved seed, and 
herbicides; are wealthier (livestock and land); and have a lower 
discount rate. In Zimbabwe, more CA adopters than nonadopters 
own phones and motorbikes; and have access to subsidized inputs 
such as fertilizer, improved seed, and herbicides. Ownership of 
phones, motorbikes, and bicycles has a bearing on access to 
information, including CA practices and a low discount rate, 
meaning they are willing to give up something beneficial today to 

benefit more in the future. Adopters have more access to 
subsidized inputs such as fertilizer, improved seed, and herbicides 
than nonadopters in Zambia and Zimbabwe presence of 
organizations promoting CA practices. Therefore, wealthier and 
more educated farmers with more land and livestock are more 
likely to adopt CA practices, which are capital- and 
knowledge-intensive.

3.2.2. Biotic and abiotic constraints to maize 
production

Figure 3 presents major abiotic and biotic constraints to maize 
production in Malawi, Zambia, and Zimbabwe. The results show 
declining soil fertility in Zambia (62% of households) and Malawi 
(59% of households) and drought in Zimbabwe (52% of households) 
are the major maize production constraints among smallholder 
farmers. Declining soil fertility is also one of the constraints to maize 
production in Zimbabwe.

3.2.3. Awareness of conservation agriculture 
practices

Awareness2 of CA practices is a precursor to adoption. Figure 4 
presents farmers’ awareness of CA practices in the three countries. The 
results show a high level of awareness (above 70%) of minimum 
tillage, mulching, and rotation among smallholder farmers in all three 
countries. The awareness of intercropping and crop rotation in 
Zimbabwe is relatively low. The highest awareness of intercropping in 
Malawi could be due to the small landholding size. The high awareness 
of minimum tillage and crop residue mulching in the three countries 
could be attributed to large-scale investments in CA characterized by 
CA promotion efforts by various stakeholders, including governments, 
NGOs, and the private sector.

Table 7 presents the proportion of households trained in CA 
practices and the adoption rates among the trained ones. The results 
show that training on CA practice is the highest in Zimbabwe (93%), 
followed by Zambia (87%). The results also show that the adoption of 
CA practices is higher among the trained households. Malawi and 
Zambia follow the training of trainers approach. In this approach, 
extension workers train lead farmers to train fellow farmers, usually 

2 In this study, awareness of CA is defined as “having heard about CA 

practices” while “knowledge of CA” refers to “having technical knowledge to 

apply CA to crop fields.”

TABLE 3 Pairwise ranking results of agricultural production constraints.

Constraints Malawi Zambia Zimbabwe

Men Women Total Men Women Total Total

Pests and diseases 1 1 1 2 2 2 4

Drought 3 3 3 1 1 1 1

Soil fertility decline 2 2 2 3 3 3 3

Soil erosion 4 4 4 4 5 5 5

Heat 5 6 5 4 4 4 2

Floods 6 5 6 6 6 6 5

Number of focus groups 63 63 126 57 55 112 40
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organized in farmer groups. However, the training of trainers 
approach may not work well as claimed by the promoters because CA 
is knowledge-intensive, and lead farmers may not be able to 
understand and transfer knowledge to other fellow farmers. For 
example, discussions with extension workers in Malawi’s selected 

extension planning areas (EPAs) revealed knowledge gaps. Farmers 
complained of receiving message about of conflicting messages about 
CA practices like the mulch promotes pest infestation, e.g., fall 
armyworm. Thus, there is a need to train extension workers on CA 
and harmonize CA extension messages among stakeholders to avoid 

TABLE 4 Perception on how CA addresses crop production constraints by gender (% of focus groups).

Malawi Zambia

Men women Men women

Drought

CA preserves/conserves soil moisture 

or water

93.6 93.6 100 100

CA is not applicable 3.2 4.8

Do not know if CA can address 

drought

3.2 1.6

Declining soil fertility

Mulch adds to organic matter, which 

improves soil fertility

98.4 96.7 7.1 14.6

Minimum tillage improves manure/

fertilizer-use efficiency

66.1 56.4

Cereal-legume rotation/intercropping 

improves soil fertility

25.0 12.7

Others measure but not CA 1.8 10.9

CA cannot at all address declining soil 

fertility

3.3 5.5

Do not know if CA can address 

declining soil fertility

1.6

Pests and diseases

Crop rotation and intercropping 

interrupt the lifecycle of crop-specific 

pests and diseases (1 = yes)

25.4 6.4 48.2 20.8

Mulching reduces pest infestation (e.g., 

FAW)

12.7 9.5

CA is less effective in addressing the 

problems of pests and diseases

6.4 1.6

CA encourages early planting, which 

allows crops to mature before pest 

infestation

8.9 1.8

CA promotes a good plant population 

which makes it easy to spot pests and 

diseases

5.4 5.4

Moisture preserved in planting basins 

reduces pest infestation

1.8 1.8

CA cannot at all address pests and 

diseases

39.7 42.9 23.2 50.9

CA is not applicable to address pests 

and diseases

1.8

Do not know if CA can address pests 

and diseases

15.9 39.7 7.1 17.0

https://doi.org/10.3389/fsufs.2023.1151876
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Tufa et al. 10.3389/fsufs.2023.1151876

Frontiers in Sustainable Food Systems 09 frontiersin.org

conflicting CA messages, revisiting the lead farmer concept through 
regular training and reference manuals in vernacular or 
local languages.

Because CA is knowledge-intensive, learning by doing, such as 
hosting demonstration plots, is very important. The results show that 
a few households hosted demonstration plots. For instance, among 
the sample households aware of minimum tillage, only 7% in Malawi, 
14% in Zambia, and 24% in Zimbabwe hosted demonstration plots 
(Table 8). However, most farmers who hosted the demonstration 
plots applied the same CA practice on their non-CA demonstration 
plots implying that CA demonstration plots are important in 
equipping smallholder farmers with the technical skills to implement 
CA. Demonstration plots are also helping fellow farmers within and 
neighboring communities to learn about CA practices.

3.2.4. Adoption and disadoption of conservation 
agriculture practices

Table 9 presents estimates of adoption rates of the CA components 
and subcomponents by country. The results show that the adoption of 

minimum tillage, the main3 CA component, is highest in Zambia, 
followed by Zimbabwe, probably because of actively run CA projects. 
Malawi has the least adoption rate of minimum tillage (only 4%). 
Similarly, Zambia has the highest adoption rate of mulching, followed 
by Zimbabwe. Adoption rates of cereal-legume rotation, an old-age 
traditional practice, are high in all three countries. Malawi exhibited 
the highest adoption rate for intercropping possible because of land 
shortage. Adoption of intercropping is low in Zambia and Zimbabwe, 
where the landholding size is relatively large. Zambia exhibited the 

3 We consider minimum tillage as the main component of CA as it is the 

foundation for applying the remain two components or principles. Besides, 

literature such as (Ngoma et al., 2021) and other donors consider minimum 

tillage as the main CA component. This is so because CA focuses on reduced 

soil disturbance where tillage is done only in planting stations and the rest of 

the soil is left undisturbed. Ngoma et al. (2021) note that MT is the most 

prevalent and nonnegotiable CA component.

TABLE 5 Pairwise ranking of the preferences of CA practices by country and gender of the focus group.

CA practice Malawi Zambia Zimbabwe

Men Women Men Women Men women

Full CA 1 1 1 1 3 1

Minimum tillage and 

cereal-legume rotation/

intercropping

2 2 2 2 1 2

Minimum tillage and 

residue mulching

3 3 3 3 2 2

FIGURE 2

Farmers perceptions about barriers to CA adoption (% of focus groups).
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TABLE 6 Household characteristics by minimum tillage-based adopters and non-adopters (mean).

Variables Malawi Zambia Zimbabwe

Adopters Nonadopters p-
values

Adopters Nonadopters p-
values

Adopters Nonadopters p-
values

Household 

head age

48.63 45.65 49.43 47.06 *** 55.63 53.13 ***

Household 

head gender 

(1 = female)

0.11 0.23 ** 0.23 0.23 0.34 0.35

Education 

level of the 

household 

head (years)

7.73 6.21 *** 6.88 6.01 *** 7.92 7.57 *

Household 

size

5.71 5.18 ** 6.49 5.86 *** 5.54 5.42

Kinship 4.08 3.48 6.46 5.60 ** 8.46 7.98

Farmer group 

membership

0.50 0.35 ** 0.83 0.68 *** 0.60 0.50 ***

Extension 

contacts

2.73 1.79 *** 2.57 1.71 *** 7.05 7.15

Cultivated 

land (ha)

1.28 0.89 *** 2.99 2.25 *** 1.76 1.67

Share of 

rented in land 

(1 = yes)

0.17 0.03 0.04 0.06 ** 0.01 0.01

Access to 

subsidized 

inputs 

(1 = yes)

0.89 0.83 0.71 0.51 *** 0.95 0.88 ***

Livestock 

ownership 

(TLU)

1.28 0.60 *** 2.88 2.91 3.69 3.89

Own radio 

(1 = yes)

0.48 0.35 ** 0.63 0.48 *** 0.52 0.50

Own mobile 

phone 

(1 = Yes)

0.81 0.62 0.91 0.81 *** 0.95 0.91 ***

Own bicycle 

(1 = yes)

0.48 0.39 *** 0.73 0.51 *** 0.33 0.29

Own 

motorbike

0.07 0.04 0.04 0.02 ** 0.0 0.02 ***

Risk aversion 

(1 = yes)

0.27 0.45 *** 0.52 0.60 *** 0.37 0.43 **

Time 

preference 

(1 = Yes high 

discount rate)

0.24 0.41 *** 0.49 0.60 *** 0.47 0.47

Value of farm 

assets (MWK)

105,000 97,176

Value of farm 

assets (ZMK)

530,000 14,349

(Continued)
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highest adoption rate (33%) of full CA, followed by Zimbabwe (21%). 
Malawi has the least adoption rate of Full CA (2%). The high adoption 
rates of CA practice in Zambia and Zimbabwe are mainly because the 
studies were conducted in areas with reportedly higher past CA 
investments (Mazvimavi and Twomlow, 2009). A study in Zambia also 
shows that our sample districts are among those that received active 
CA support from donors. Zimbabwe has a relatively more extended 
CA promotion history than Zambia and Malawi.

An assessment of adoption of the various CA subcomponent 
practices shows that planting basins are the main minimum tillage 

practice in all countries. Most households reported adopting 
planting basins in Zimbabwe (91%) and Malawi (90%). Planting 
basins and ripping are equally important in Zambia (64 and 62%).4 

4 This may be attributed to relatively high prevalence of Magoye ripper in 

Zambia (Arslan et al., 2014; Tambo and Kirui, 2021). A Magoye ripper is a farm 

mechanization machinery that is used to open up planting furrows leaving the 

soil of the other part of the field undisturbed. It is usually ox-drawn in Zambia. 

TABLE 6 (Continued)

Variables Malawi Zambia Zimbabwe

Adopters Nonadopters p-
values

Adopters Nonadopters p-
values

Adopters Nonadopters p-
values

Value of farm 

assets ($)

980.49 1319.77

Off-farm 

employment

0.63 0.44 *** 0.22 0.19 0.36 0.26 ***

Market 

distance (Km)

189.54 193.77 160.96 145.39 *** 105.69 115.22 ***

Nsanje 0.19 0.14

Nkhotakota 0.08 0.15

Balaka 0.23 0.14 *

Dowa 0.11 0.15

Rumphi 0.19 0.14

Chitipa 0.10 0.14

Zomba 0.10 0.15

Choma 0.10 0.19 ***

Siavonga 0.04 0.26 ***

Kaoma 0.17 0.12 **

Mumbwa 0.23 0.05 ***

Mpongwe 0.16 0.13

Serenje 0.19 0.10 ***

Chipata 0.13 0.16 *

Bubi 0.08 0.12 ***

Chiredzi 0.05 0.14 ***

Gokwe South 0.16 0.06 ***

Kwekwe 0.06 0.08 *

Masvingo 0.19 0.04 ***

Matobo 0.11 0.09

Murewa 0.13 0.08 ***

Nyanga 0.06 0.14 ***

Shamva 0.06 0.14 ***

Zaka 0.10 0.10

N 62 1,450 747 660 638 817

*p < 0.10.
**p < 0.05.
***p < 0.01.
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From mulching subcomponents, maize residue mulching is 
common in Zambia (97%) and Malawi (88%). Farmers also adopt 
grass residue mulching in Zimbabwe (58%) and Zambia (49%). 
Results also show that Zambia has diversified mulching materials, 
including groundnut residues (33%) and soybean residues (27%). 
Diversification of mulching material is important because most 
smallholder maize plots hardly produce enough maize crop residues 
to cover at least 30% of their fields, the standard level to qualify as 
mulching. The typical crop rotation practice for all three countries 
is cereal-groundnut rotation, with over 68% of the households, and 
the common intercropped legumes are common beans, groundnut, 
and soybeans.

A comparison of awareness and adoption rates of CA 
practices (Figure 5) shows a wide gap between awareness and 
adoption for all CA practices. The gaps are wider for minimum 
tillage and crop residue mulching in Malawi, suggesting that 

It is used to addresses the drudgery associated with minimum tillage-based 

practices. The furrows improve water infiltration and harvest water that will 

be made available to the plant.

much of the awareness of CA practices has not translated to 
adoption. Thus, there is a need for alternative and practical 
extension models in bridging the knowledge gap regarding CA 
practices in these countries.

Disadoption of CA practices is one of the challenges facing 
CA promotion efforts. Table 10 presents dis-adoption rates of CA 
practices by country. Malawi showed high dis-adoption rates for 
minimum tillage (60%) and mulching (58%). For all CA practices, 
the disadoption rates are low in Zimbabwe (less than 10%) and 
about a quarter in Zambia. The observed dis-adoption rates for 
crop rotation and intercropping are low as these are traditional 
practices. A qualitative assessment of farmers’ perceptions about 
the reasons for the dis-adoption of CA practices in Malawi shows 
the labor-intensive nature associated w+ith CA practices (35%), 
pests and diseases infestation (25%), and unavailability of crop 
residues (20%) as familiar major drivers to CA dis-adoption.

3.2.5. Perception of conservation agriculture 
practices

Farmers’ perception of new agricultural technologies is important 
in their decision to adopt (Mekonnen et  al., 2018). Identifying 
misperceptions in new agricultural technologies is vital in determining 

FIGURE 3

Major constraints to maize production disaggregated by country (% households).

FIGURE 4

Awareness of CA practices by country (% of households).
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how extension programs reduce knowledge gaps. Figure 6 presents 
households’ perceptions of new agricultural technologies in Malawi, 
Zambia, and Zimbabwe.

Results show that more than 80% of the households in Zambia and 
Zimbabwe and 68% in Malawi update themselves with current 
information on farming practices. Moreover, in all three countries, 
farming households perceive traditional practices as inferior and are 
willing to change their farming practices. However, over 65% of farmers 
are cautious in trying the new practices, and nearly 80% of the 
households in Malawi and Zimbabwe try out only promising practices. 
Besides, 58% of the households check out for favorable results from their 
neighbors’ fields before trying them out. These results call for the 
establishment of demonstration plots near farmers’ farm fields. Besides, 
there is a need for vibrant extension networks that work to showcase 
agricultural technologies in practice and enable farmers to evaluate the 
benefits of these technologies for increased CA adoption. Dalton et al. 
(2014) found similar results, i.e., farmers require tangible evidence before 
adopting technologies, and peer evidence is a vital source of information. 
As presented in 3.2.3 above, CA is knowledge-intensive, and 
demonstration plots provide the farmers a platform to learn by doing, 
where extension workers impart technical skills on CA application to 
farmers. Besides, most farmers who hosted the demonstration plots 
applied the same CA practice on their non-CA demonstration plots 
implying that CA demonstration plots are important in equipping 
smallholder farmers with the technical skills to implement CA.

3.2.6. Farmer assessment of the importance of 
technical, social, institutional, and economic 
factors in nonadoption and dis-adoption of CA 
practices

Figure 7 presents reasons for nonadoption and dis-adoption of 
CA practices among households that did not adopt or dis-adopted 
CA practices. Despite the high awareness of CA practices, more than 
50% of nonadopter or dis-adopter households in Zimbabwe and 
around 70% of the households in Malawi and Zambia mentioned 
limited technical knowledge of CA practices as the main reason for 
nonadoption and dis-adoption of CA practices in all the countries. 
This could be because the CA promotion models widely used in the 
three countries – the lead farmers approach – is limited in transferring 
knowledge needed to practice CA. According to Friedrich et  al. 
(2009), CA is a complex and management-intensive farming concept 
in which crop management must be planned proactively and not 
reactive, as in the standard tillage-based systems. Finance is another 
limiting factor for adoption of CA among smallholder farmers in all 
three countries. Thirty-one percent of the households in Zimbabwe, 
48% in Malawi, and 72% in Zambia have indicated unavailability of 
credit to finance the purchase of inputs as a reason for nonadoption 
or disadoption of CA practices. Other reasons for disadoption of CA 
practices are poor access to extension, high cost of fertilizer, 
unavailability of legume seeds for intercropping/rotation, high labor 
costs at the time of planting, drudgery, unavailability of compatible 
herbicides, and weeds. Because CA does not provide immediate 
benefits and requires additional inputs, there is a need to support 
smallholder farmers, especially in the initial years, through different 
mechanisms to promote adoption of CA. Households also mentioned 
the limited availability of crop residues because of free grazing and 
uncontrolled wildfires suggesting a need for local-level institutional 
bylaws to protect crop residues from free grazing and fire.T

A
B

LE
 7

 T
ra

in
in

g
 a

n
d

 a
d

o
p

ti
o

n
 o

f 
C

A
 p

ra
ct

ic
es

.

C
A

 
p

ra
ct

ic
e

s
M

al
aw

i
Z

am
b

ia
Z

im
b

ab
w

e

N
u

m
b

e
r 

aw
ar

e
%

 T
ra

in
e

d
%

 A
d

o
p

te
d

 
am

o
n

g
 

tr
ai

n
e

d

%
 A

d
o

p
te

d
 

am
o

n
g

 
n

o
n

-
tr

ai
n

e
d

N
u

m
b

e
r 

aw
ar

e
%

 T
ra

in
e

d
%

 A
d

o
p

te
d

 
am

o
n

g
 

tr
ai

n
e

d

%
 A

d
o

p
te

d
 

am
o

n
g

 
n

o
n

-
tr

ai
n

e
d

N
u

m
b

e
r 

aw
ar

e
%

 T
ra

in
e

d
%

 A
d

o
p

te
d

 
am

o
n

g
 

tr
ai

n
e

d

%
 A

d
o

p
te

d
 

am
o

n
g

 
n

o
n

-
tr

ai
n

e
d

M
T

1,
07

8
46

.5
9.

4
2.

6
1,

35
7

87
.3

59
.4

24
.2

1,
41

9
93

.4
46

.0
29

.8

M
ul

ch
in

g
1,

25
2

46
.6

18
.0

2.
4

1,
14

5
82

.0
67

.3
24

.3
1,

20
1

91
.8

34
.2

14
.1

Ro
ta

tio
n

1,
21

3
31

.5
70

.9
55

.0
1,

28
7

79
.4

85
.2

76
.2

1,
22

6
80

.8
81

.5
73

.8

In
te

rc
ro

pp
in

g
1,

38
5

19
.7

68
.5

63
.3

71
1

56
.4

40
.9

20
.0

55
8

62
.4

57
.5

29
.5

https://doi.org/10.3389/fsufs.2023.1151876
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Tufa et al. 10.3389/fsufs.2023.1151876

Frontiers in Sustainable Food Systems 14 frontiersin.org

3.2.7. Determinants of adoption of CA practice
Table  11 shows the likelihood ratio test results of the null 

hypothesis of independent error terms of the four equations 
(minimum tillage, mulching, intercropping, and crop rotation) that 
rejects p chi> =( )2 0 00.  the hypothesis. The pairwise correlations 
between the coefficients of the error terms are significant for all pairs 
in Zambia and Zimbabwe and 67% of pairs in Malawi. These results 
imply that the probability of adopting one of the CA practices is not 
independent of the decision to adopt other CA practices and thus 
justifies our choice of the MVP model instead of the univariate probit 
model. The positive sign of the coefficients shows the complementarity 
of the CA components. This assumption was informed by the fact that 
CA components are complementary. The qualitative assessment also 
indicated that farmers prefer a combination of CA components, 
particularly full CA, due to the maximum yield benefits of full CA 
instead of using a single CA component. Positive correlations also 
proved the assumption among the error terms for various CA 
components (equations).

Table 12 presents the results of the MVP model for the four CA 
practices in the three countries. The results show that the gender of the 
household head positively and significantly influenced crop rotation 
and intercropping adoption in Malawi and mulching in Zimbabwe. The 
implication is that female household heads are more likely to adopt crop 
rotation, intercropping, and mulching in the two countries. The 
adoption of intercropping could be related to female preferences for 
producing diverse crops for home consumption (Croppenstedt et al., 
2013) or a function of their socially assigned roles as food crop 
producers. More specifically, female farmers are more involved in 
producing legumes as food and nutrition security crops, while male 
farmers grow cash crops such as tobacco. On the other hand, the 
positive effect of gender on the adoption of mulching may be influenced 
by the fact that mulching is relatively less labor-intensive as it eliminates 
the need for weeding. Thus, female farmers are more likely attracted to 
it than minimum tillage, which is considered more labor-intensive.

The age of the household head has positively and significantly 
influenced crop rotation adoption in Malawi and Zimbabwe, 
intercropping in Malawi and Zambia, and minimum tillage and 
mulching in Zimbabwe. The results align with previous studies 
(Ngoma et al., 2021). Ngoma et al. (2021) noted that CA elements 
such as rotations and intercropping are old-age practices prevalent in 
conventional farming. Older farmers are more likely to adopt these 
than young farmers. The significant effect of the age of the household 
on the adoption of minimum and mulching in Zimbabwe may be due 
to a relatively long history of CA promotion relative to the two 
countries. The household head’s education also influences the 
adoption of crop rotation in Malawi and Zimbabwe, minimum tillage 

and intercropping in Malawi, and mulching in Zambia and 
Zimbabwe. The findings also agree with the results by (Khonje et al., 
2018), who found a positive effect of education on adopting multiple 
agricultural technologies in Eastern Zambia. Education level 
increases the capacity and speed of processing CA information (Kotu 
et al., 2017). The higher the education level, the greater the awareness 
and subsequent change in attitude and practice. Because CA is 
complex and knowledge-intensive, it requires more careful planning 
than standard tillage (Congress et al., 2010).

The size of total cultivated land influenced the adoption of 
minimum tillage in Malawi and Zimbabwe; mulching in Malawi, 
crop rotation in Malawi, Zambia, and Zimbabwe; and intercropping 
in Zimbabwe. These results align with the study conducted in Eastern 
and Southern Africa (Ngoma et al., 2021). Ngoma et al. (2021) note 
that larger landholding sizes allow farmers to experiment with CA on 
some parts of their land while maintaining the low-risk and 
low-return conventional farming methods. Livestock ownership 
measured as total livestock units (TLU) has a negative and statistically 
significant coefficient for mulching in Zambia, indicating that 
households who own more livestock, especially cattle (free grazers), 
are less likely to adopt mulching. The fact that livestock competes for 
crop residues in the form of feed contributes to limited crop residues 
left for mulching—a lack of supportive institutional bylaws regarding 
free grazing and wildfires in the study areas.

The value of farm assets has a statistically significant effect on 
adopting all four CA practices in Zambia and all practices except 
minimum tillage in Zimbabwe. The value of farm assets reflects the 
importance of the wealth of households and implies that wealthier 
households are more likely to adopt CA practices. Dalton et al. (2014) 
observe limited economic incentives contributing to the limited 
adoption of conservation practices globally. Access to subsidized inputs 
influences the adoption of minimum tillage (Zambia and Zimbabwe), 
mulching (all three countries), and intercropping in Zimbabwe, 
implying that households with access to subsidized inputs like fertilizer, 
seeds, and herbicides are more likely to adopt these CA practices. The 
limited access to farm inputs caused by liquidity constraints was among 
the major drivers of CA nonadoption and disadoption, according to the 
focus groups in Malawi and Zambia. Limited access to inputs is one of 
the technical factors limiting the adoption of CA practices such as 
minimum tillage and mulching (Friedrich et al., 2009).

Access to extension measured by the number of extension 
contacts per season positively and significantly influences adopting all 
CA practices except minimum tillage in Malawi and all the practices 
except intercropping in Zambia. This implies that households with 
more extension contacts per season are more likely to adopt mulching. 
We  suggest that the insignificant effect of extension contact on 

TABLE 8 Hosted demonstration of CA practices and applied the practice in non-demo plots (% of households).

CA 
practices

Malawi Zambia Zimbabwe

Number 
aware

% 
Hosted

% 
Applied

Number 
aware

% 
Hosted

% 
Applied

Number 
aware

% 
Hosted

% 
Applied

Minimum 

tillage

1,078 6.68 58.3 1,357 13.8 98.4 1,419 24.0 96.2

Mulching 1,252 8.39 60.0 1,145 8.9 92.2 1,201 18.9 94.7

Rotation 1,213 1.73 76.2 1,287 4.5 94.8 1,226 13.4 96.6

Intercropping 1,385 0.72 90.0 711 3.2 87.0 558 10.2 96.5
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TABLE 9 Adoption of CA practices by country (multiple responses within a component in % of households).

Minimum tillage Malawi (n = 62) Zambia (n = 747) Zimbabwe (n = 638)

Minimum tillage adoption (%) 4.1 53.1 43.9

Minimum tillage sub-practices

 • Planting basins 90.2 64.4 90.6

 • Ripping
1.6 62.0 3.3

 • Direct seeding with a dibble stick
8.2 0.9 5.0

 • Direct seeding with jab plant
0.27 0.9

 • Animal traction direct seeding
0.5 0.2

 • Ox-ripping direct seeding
7.6

Mulching Malawi (n =121) Zambia (n = 682) Zimbabwe (n = 391)

Mulching adoption (%) 8.0 48.5 26.9

Mulching sub-practices

 • Maize residue mulching 88.4 96.8 37.9

 • Grass residue mulching
6.6 48.5 57.8

 • Soybean residue mulching
27.1 0.8

 • Groundnuts residue mulching
3.3 32.7 0.3

 • Sorghum residue mulching
4.6 1.0

 • Banana leaves residue mulching
1.2

 • Other crops residue mulching
1.7 8.1 2.3

Rotation Malawi (n =727) Zambia (n =1073) Zimbabwe (n =981)

Rotation adoption (%) 48.2 76.3 67.4

Rotation sub-practices

 • Cereal-beans 3.30 54.1 10.3

 • Cereal-soybeans
8.70 3.7

 • Cereal-cowpea
2.10 10.2 3.7

 • Cereal-groundnut
75.7 73.2 68.5

 • Cereal-pigeon peas
10.30

 • Cereal-other legumes
22.09 13.8

Intercropping Malawi (n = 890) Zambia (n = 226) Zimbabwe (n = 260)

Intercropping adoption 58.9 16.1 18.1

Intercropping sub-practices

 • Cereal-beans 28.40 54.0 25.8

 • Cereal-soybeans
13.30 41.2 4.6

(Continued)
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minimum tillage may be explained by the quality of extension advice 
(technical details) rendered to farmers regarding the proper 
application of minimum tillage principles. Key informant interviews 
with some of the extension workers in Malawi revealed knowledge 
deficiencies about correct CA applications. This finding agrees with 
findings from FGD, where farmers cited limited access to extension as 
one of the major factors constraining the Adoption of CA practices.

The study also investigated the effect of other farmer characteristics/
attributes that may affect CA adoption, such as attitude toward risk. Risk 
aversion was negatively and significantly correlated with adopting MT 
in Zimbabwe, mulching in Malawi, Zambia, and Zimbabwe, and 
intercropping in Zimbabwe. This suggests that risk-averse farmers are 
less likely to adopt CA practices. This finding confirms the results on 
farmer perceptions of CA practices where the majority of the farmers 

FIGURE 5

Awareness and adoption of CA practices by country and CA practices (% of households).

TABLE 10 Dis-adoption of CA components by country (percent of households).

CA practices Malawi Zambia Zimbabwe

Number of 
ever used

% Dis-
adopted

Number of 
ever used

% Dis-
adopted

Number of 
ever used

% Dis-adopted

Minimum tillage 268 60.1 1,053 18.8 1,300 2.8

Mulching 408 58.1 875 13.7 903 7.1

Rotation 874 11.4 1,181 5.8 1,117 1.6

Intercropping 1,116 14.0 345 23.5 374 8.0

TABLE 9 (Continued)

Minimum tillage Malawi (n = 62) Zambia (n = 747) Zimbabwe (n = 638)

 • Cereal-cowpea

 • Cereal-groundnut
7.10 49.1 31.9

 • Cereal-pigeon peas
51.2

 • Cereal-other legumes
26.6 37.7

Minimum tillage + mulching adoption 1.9 7.7 7.2

Full CA adoption 1.8 32.8 20.9

N represents number of adopters.
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(nearly 80%) in Malawi and Zimbabwe only try out promising practices, 
and 58% of farmers from these countries check out for results from their 
neighbors’ fields before trying out the new agricultural techniques.

4. Conclusions and implications

This study aimed to understand the drivers and barriers to 
adopting CA practices using data from 278 focus groups and 4,374 

smallholders in Malawi, Zambia, and Zimbabwe. The FGDs and the 
household surveys show that the main constraints to crop production 
are declining soil fertility, drought/heat, and pests and diseases in the 
three countries. From the results of the focus groups, using CA 
practices such as crop residue retention, minimum tillage, crop 
rotation, and intercropping could reduce the effects of declining soil 
fertility and drought through conserving moisture, biofertilization, 
and changing soil properties. However, most focus groups, mostly 
women, perceive that using CA practices does not help reduce the 
effects of pests and diseases.

FIGURE 6

Perception of new agricultural technologies by country (% of households).

FIGURE 7

The reasons for non-adoption and dis-adoption of CA practices.
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Th
e assessm

ent of aw
areness of and preference for C

A
 practices 

show
s very high aw

areness of CA
 practices but generally low

 adoption, 
as observed by several studies in the literature. Th

e gaps are m
uch 

m
ore significant betw

een aw
areness and adoption, and m

uch sm
aller 

betw
een hosting dem

onstrations and adoption. Th
e results suggest 

that m
uch of the aw

areness of C
A

 practices has not translated to 
greater adoption, pointing to the need for m

ore technical know
ledge 

regarding CA
 application rather than m

ere CA
 aw

areness. CA
 training 

and dem
os are better conduits to enhance adoption than aw

areness 
creation per se. H

osting dem
onstrations enhanced adoption of C

A
 as 

m
ost households that hosted the dem

onstrations also applied the sam
e 

on their non-dem
onstration plots. Th

is suggests that dem
onstrating 

the applications and benefits of C
A

 practices is critical for prom
oting 

the adoption of C
A

 practices in all countries.
M

en and w
om

en focus groups in M
alaw

i and Zam
bia, and w

om
en 

focus groups in Zim
babw

e prefer full C
A

. Th
e justification by the 

focus groups for selecting full C
A

 is its ability to increase crop yields. 
In Zim

babw
e, m

en focus groups chose a com
bination of m

inim
um

 
tillage and cereal legum

e rotation or intercropping because the use of 
legum

es hedges against crop failure, especially m
aize. H

ow
ever, 

adoption of CA
 practices is low

 even in CA-prevalent districts in three 
countries, especially M

alaw
i. In M

alaw
i, the m

ajor reasons for farm
ers 

not to adopt or dis-adopt C
A

 practices, according to sam
ple 

households, are lim
ited technical know

ledge and lim
ited assistance 

from
 extension w

orkers, follow
ed by the unavailability and high costs 

of inputs. H
ow

ever, focus groups show
 that the m

ain barriers to 
adopting CA

 practices are lack of interest/incentive and labor intensity, 
lim

ited technical know
ledge, and crop residue-related problem

s.
In Zam

bia, lack of credit to purchase inputs, lim
ited technical 

know
ledge, high fertilizer cost, high labor cost during planting, and 

unavailability of legum
e seeds are am

ong the reasons for not adopting 
or disadopting C

A
 practices. A

ccording to focus groups in Zam
bia, 

farm
ers do not adopt or dis-adopt C

A
 practice m

ainly because of 
lim

ited access to inputs and labor intensity, follow
ed by lim

ited 
technical know

ledge and labor intensity. In Zim
babw

e, lim
ited 

technical know
ledge is the m

ajor factor for not adopting or 
dis-adopting C

A
 practices, follow

ed by labor intensity according to 
the sam

ple households; and labor intensity according to focus groups. 
Lim

ited technical know
ledge, lim

ited access to credit, poor access to 
extension, high cost of fertilizers, unavailability of legum

e seeds for 
intercropping/rotation, high costs of labor at the tim

e of planting, 
drudgery, unavailability of com

patible herbicides, and increased w
eed 

pressure at the early stage of C
A

 adoption are the m
ain reasons for 

nonadoption and dis-adoption of C
A

 practices in the three countries.
Th

e adoption rates of C
A

 com
ponents and full C

A
 is highest in 

Zam
bia and Zim

babw
e for m

ost CA
 practices. Th

e high adoption rates 
of C

A
 practices in Zam

bia and Zim
babw

e are due to high past and 
present investm

ents in C
A

 prom
otion in the study areas. In Zam

bia 
and Zim

babw
e, the dis-adoption rates are less than the adoption rates 

for all C
A

 practices. H
ow

ever, in M
alaw

i, the dis-adoption rates are 
greater than the adoption rates for m

inim
um

 tillage and m
ulching.

Th
e results of m

ultivariate Probit (M
V

P) regression analyses for 
the four C

A
 practices show

 that fem
ale farm

ers are m
ore likely to 

adopt crop rotation and intercropping in M
alaw

i and m
ulching in 

Zim
babw

e. Th
e age of the household head positively and significantly 

influenced crop rotation adoption in M
alaw

i and Zim
babw

e, 
intercropping in M

alaw
i and Zam

bia, and m
inim

um
 tillage and 

m
ulching in Zim

babw
e. Th

e education level of the household head 

TABLE 11 Correlation coefficients of error terms obtained from multivariate probit model estimation.

Binary correlation Malawi Zambia Zimbabwe

Correlation 
coefficient

Standard 
error

Significance 
level

Correlation 
coefficient

Standard 
error

Significance 
level

Correlation 
coefficient

Standard 
error

Significance level

rho21: Mulching and minimum 

tillage

0.377 0.066 *** 0.382 0.039 *** 0.638 0.033 ***

rho31: Rotation and minimum 

tillage

0.130 0.059 ** 0.381 0.044 *** 0.276 0.041 ***

rho41: Intercropping and 

minimum tillage

0.069 0.061 0.122 0.051 ** 0.254 0.046 ***

rho32: Rotation and mulching 0.100 0.052 * 0.271 0.049 *** 0.402 0.042 ***

rho42: Intercropping and 

mulching

0.010 0.055 0.126 0.051 ** 0.361 0.046 ***

rho43: Intercropping and 

rotation

0.175 0.042 *** 0.273 0.055 *** 0.419 0.043 ***

Likelihood ratio test of rho21 = rho31 = rho41 = rho32 = rho42 = rho43 = 0: chi2(6) = 177,639 Prob > chi2 = 0.0000 where rho1 = minimum tillage; rho2 = crop residue mulching; rho3 = cereal-legume rotation; rho4 = cereal-legume intercropping.
*p < 0.10.
**p < 0.05.
***p < 0.01.
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TABLE 12 Determinants of Adoption of CA practices: results of multivariate probit model estimation by country.

Variable Malawi Zambia Zimbabwe

Minimum 
tillage

Mulching Rotation Intercropping Minimum 
tillage

Mulching Rotation Intercropping Minimum 
tillage

Mulching Rotation Intercropping

Gender of 

household 

head 

(1 = female)

−0.295 −0.116 0.234** 0.211** 0.132 −0.073 −0.041 −0.006 −0.010 0.160* 0.022 −0.046

(0.20) (0.15) (0.09) (0.09) (0.10) (0.09) (0.11) (0.11) (0.08) (0.08) (0.08) (0.09)

Age of 

household 

head (years)

0.007 0.006 0.004* 0.008*** 0.003 0.001 0.004 0.006** 0.010*** 0.011*** 0.008*** 0.001

(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

Education 

level of 

household 

head (years 

of 

schooling)

0.040* 0.003 0.033*** 0.049*** 0.018 0.024** 0.017 0.016 0.019 0.040*** 0.023* −0.017

(0.02) (0.02) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)

Household 

size

0.005 −0.054* 0.004 0.010 0.017 0.007 0.049** 0.010 0.001 −0.013 −0.014 −0.018

(0.03) (0.03) (0.02) (0.02) (0.02) (0.02) (0.02) (0.02) (0.02) (0.02) (0.02) (0.02)

Total size 

cultivated 

land (ha)

0.199** 0.244*** 0.279*** 0.080 0.018 0.004 0.040* 0.009 0.066** 0.042 0.052* 0.110***

(0.08) (0.07) (0.07) (0.06) (0.02) (0.02) (0.02) (0.02) (0.03) (0.03) (0.03) (0.03)

Share of 

rented in 

land

−0.000 −0.087 0.043 0.001 −0.308 −0.120 −0.469** −0.175 0.248 −0.287 −0.264 0.118

(0.00) (0.21) (0.14) (0.01) (0.21) (0.20) (0.21) (0.27) (0.43) (0.41) (0.46) (0.47)

Livestock 

ownership 

(TTLU

0.028 −0.020 −0.009 0.011 −0.003 −0.014* −0.004 0.009 −0.012 −0.008 −0.004 −0.012

(0.03) (0.03) (0.02) (0.02) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)

(Continued)
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TABLE 12 (Continued)

Variable Malawi Zambia Zimbabwe

Minimum 
tillage

Mulching Rotation Intercropping Minimum 
tillage

Mulching Rotation Intercropping Minimum 
tillage

Mulching Rotation Intercropping

Log of value 

of farm asset 

(MK)

−0.016 −0.038 0.047 −0.002 0.104*** 0.078** 0.140*** 0.094** 0.044 0.121*** 0.098*** 0.011

(0.07) (0.06) (0.04) (0.04) (0.04) (0.03) (0.04) (0.04) (0.04) (0.04) (0.04) (0.04)

Off farm 

employment 

(1 = yes)

0.218 0.280** −0.026 −0.024 −0.044 −0.087 −0.179* −0.215** 0.237*** 0.162** 0.153* 0.178**

(0.15) (0.12) (0.08) (0.08) (0.09) (0.09) (0.10) (0.11) (0.08) (0.08) (0.08) (0.09)

Access to 

subsidized 

inputs

0.231 0.436** 0.145 0.140 0.223*** 0.406*** 0.021 0.123 0.436*** 0.352** 0.451*** 0.569***

(0.20) (0.18) (0.10) (0.10) (0.08) (0.08) (0.09) (0.09) (0.13) (0.15) (0.13) (0.18)

Kinship 

(number of 

relatives 

you can rely 

on)

0.011 0.017 0.009 0.010 0.011* 0.008 0.016** −0.001 0.001 0.000 −0.005 −0.000

(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.00) (0.00) (0.00) (0.01)

Access to 

extension 

(extension 

contacts)

0.023 0.062*** 0.028** 0.027** 0.037** 0.030** 0.064*** 0.011 −0.001 −0.005 −0.000 0.001

(0.02) (0.02) (0.01) (0.01) (0.02) (0.01) (0.02) (0.01) (0.00) (0.00) (0.00) (0.00)

Own radio 

(1 = yes)

−0.084 0.086 0.031 0.056 −0.006 0.008 −0.137 −0.050 −0.096 −0.162** 0.080 0.054

(0.15) (0.12) (0.09) (0.09) (0.09) (0.08) (0.10) (0.10) (0.08) (0.08) (0.08) (0.09)

Own cell 

phone 

(1 = yes)

0.261 0.343** 0.058 −0.079 0.156 0.087 0.135 −0.017 0.206 0.219 0.179 0.442**

(0.17) (0.14) (0.09) (0.09) (0.12) (0.12) (0.12) (0.14) (0.15) (0.16) (0.14) (0.20)

(Continued)
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Variable Malawi Zambia Zimbabwe

Minimum 
tillage

Mulching Rotation Intercropping Minimum 
tillage

Mulching Rotation Intercropping Minimum 
tillage

Mulching Rotation Intercropping

Own 

bicycle/

motorbike 

(1 = yes)

−0.153 −0.018 −0.037 −0.074 0.101 −0.082 0.092 0.031 0.037 0.026 0.181** −0.085

(0.17) (0.14) (0.10) (0.10) (0.09) (0.09) (0.10) (0.11) (0.09) (0.09) (0.09) (0.10)

Risk 

aversion 

(1 = yes)

−0.015 −0.315* 0.162 −0.122 −0.007 0.204** −0.257** 0.142 −0.188** −0.251*** −0.067 −0.272***

(0.21) (0.18) (0.11) (0.11) (0.10) (0.10) (0.12) (0.12) (0.09) (0.09) (0.09) (0.10)

Time 

preference 

(1 = yes)

−0.184 0.048 −0.117 −0.033 −0.168* −0.336*** 0.241** 0.021 −0.011 −0.066 −0.043 −0.171*

(0.22) (0.18) (0.12) (0.12) (0.10) (0.10) (0.11) (0.12) (0.09) (0.09) (0.09) (0.10)

Market 

distance to 

major cities 

(km)

0.002 0.002* 0.001 −0.004*** −0.004 0.000 0.010*** −0.000 −0.000 0.001 −0.003 0.004

(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

Balaka 0.302 0.567** 0.467*** 0.116

(0.26) (0.24) (0.14) (0.14)

Chitipa −0.728 −0.302 1.017*** 0.533*

(0.52) (0.43) (0.29) (0.29)

Dowa 0.087 0.601** 1.212*** −0.671***

(0.27) (0.25) (0.14) (0.14)

Nkhotakota −0.382 0.185 0.751*** −1.059***

(0.36) (0.30) (0.19) (0.19)

Rumphi −0.014 0.483** 1.059*** −0.853***

(0.25) (0.24) (0.14) (0.14)

Nsanje 0.189 0.671** 0.399* 0.551**

(0.36) (0.32) (0.21) (0.22)

(Continued)

TABLE 12 (Continued)
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TABLE 12 (Continued)

Variable Malawi Zambia Zimbabwe

Minimum 
tillage

Mulching Rotation Intercropping Minimum 
tillage

Mulching Rotation Intercropping Minimum 
tillage

Mulching Rotation Intercropping

Mpongwe 0.354* 0.004 −1.368*** −0.255

(0.20) (0.19) (0.23) (0.22)

Serenje 0.851** 0.161 −1.879*** −0.352

(0.38) (0.35) (0.46) (0.40)

Kaoma 1.602* 0.763 −4.171*** 0.371

(0.94) (0.85) (1.13) (0.98)

Mumbwa 1.408*** 0.741** −0.790* 0.046

(0.35) (0.31) (0.40) (0.35)

Siavonga −0.354 −0.340 −2.040*** −0.183

(0.26) (0.25) (0.31) (0.29)

Choma 0.258 0.186 −1.958*** −0.216

(0.47) (0.43) (0.56) (0.50)

Bubi −1.251*** −0.532** −0.296 −0.304

(0.20) (0.21) (0.21) (0.22)

Chiredzi −1.698*** −0.796* −0.481 −1.488***

(0.43) (0.43) (0.45) (0.48)

Kwekwe −1.158** −0.919* −0.351 −1.404**

(0.51) (0.54) (0.54) (0.57)

Gokwe_

South

−0.285 0.175 0.952* −0.764

(0.50) (0.51) (0.55) (0.57)

Matobo −0.876*** −0.504* −0.379 −0.210

(0.26) (0.27) (0.27) (0.28)

Murewa −0.653*** −0.158 −0.439** −0.811***

(0.17) (0.17) (0.18) (0.20)

Nyanga −1.446*** −0.533* −0.209 −0.540*

(0.28) (0.28) (0.30) (0.31)

Shamva −1.404*** −0.465** −0.403* −1.090***

(0.23) (0.23) (0.23) (0.26)

(Continued)
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positively influenced adoption of m
inim

um
 tillage, rotation, and 

intercropping in M
alaw

i, m
ulching in Zam

bia, and m
ulching and 

rotation in Zim
babw

e. Total cultivated land size significantly 
influenced the adoption of m

inim
um

 tillage, m
ulching, and crop 

rotation in M
alaw

i; only rotation in Zam
bia; m

inim
um

 tillage and 
rotation/intercropping in Zim

babw
e.

Th
e findings generally suggest an affordable supply of physical and 

financial inputs and the establishm
ent of dem

onstration plots near 
farm

er fields. M
ore specifically, there is a need for investm

ents in a 
dense netw

ork of highly visible and accessible com
m

unity learning 
centers and vibrant extension netw

orks for C
A

. Besides, m
ost of the 

current investm
ents in C

A
 prom

otion are short-term
, and there is a 

need for long-term
 on-farm

 dem
onstrations to enable farm

ers to 
understand and appreciate the benefits of C

A
. Th

ere is also a need to 
develop integrated w

eed m
anagem

ent system
s adapted to sm

allholder 
farm

ing 
conditions. 

Th
us, 

our 
study 

contributes 
to 

the 
recom

m
endation in literature (e.g., M

afongoya et al., 2016) about the 
need 

to 
profile 

the 
technology, 

the 
farm

ers’ 
socioeconom

ic 
circum

stances, and the bio-physical environm
ent in w

hich the farm
er 

operates for proper agroecological and beneficiary targeting to achieve 
m

ore significant im
pact at scale.

D
ata availab

ility state
m

e
n

t

Th
e raw

 data supporting the conclusions of this article w
ill 

be m
ade available by the authors, w

ithout undue reservation.
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Variable Malawi Zambia Zimbabwe

Minimum 
tillage

Mulching Rotation Intercropping Minimum 
tillage

Mulching Rotation Intercropping Minimum 
tillage

Mulching Rotation Intercropping

Zaka −0.972*** −0.837*** −1.007*** −0.179

(0.16) (0.17) (0.17) (0.17)

_cons −3.071*** −2.902*** −2.357*** 0.417 −1.571*** −1.426*** −1.094*** −2.315*** −0.722** −2.324*** −0.759** −1.622***

(0.76) (0.61) (0.40) (0.39) (0.31) (0.30) (0.34) (0.34) (0.36) (0.38) (0.36) (0.41)

N 1,505 1,405 1,449

Standard errors in parentheses.
Log pseudo likelihood = −2336.1928.
Wald chi2(96) = 654.88***.
*p < 0.10.
**p < 0.05.
***p < 0.01.
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