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Abstract 

Despite having been promoted in Africa for close to twenty years, adoption of conservation 

agriculture (CA) remains sparse. Extant literature has variously associated micro-level household 

and community factors with CA adoption. There is a notable gap in the literature concerning the 

need to analyze the adoption of CA beyond the micro-level. This paper focuses on the role of 

agricultural policies — input subsidy policies, investments in agricultural extension and access to 

markets — in predicting  CA adoption. Using data from 2,736 households and 11,188 plots in 

Ethiopia, Kenya, Malawi and Tanzania, and controlling for household and farm level factors, we 

implement a series of policy simulations based on a binary probit model to compare the 

predicted probabilities of adoption under different policy scenarios. We find that high extension-

personnel-to-farmer-ratios and input subsidies enhanced the adoption of CA, while there was an 

inverse relationship with the distance to input markets. The results imply that good market 

infrastructure, low input-output cost ratios and strong extension systems provide clear basis for 

increased CA adoption. We conclude that the same favorable policy conditions needed for other 

agricultural innovations are equally relevant for CA as well. 

Key words: adoption, conservation agriculture, policy, subsidy, extension 

JEL: Q01, Q18, Q12  
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1. Introduction 

In recent years, the concept of sustainable intensification has gained much (justifiable) 

momentum (The Royal Society, 2009). Due to burgeoning populations, rising food demand and 

pressure on a finite resource base,  the need to produce more food from the same or less amount 

of resources without undermining their underlying productive capacity in the future is critical 

(The Royal Society, 2009;  Godfray et al., 2010). In this regard, conservation agriculture (CA) is 

one of the recent sets of farming practices that is being widely advocated and generated 

widespread policy interest and discussion. The main principles of conservation agriculture are: 

minimizing soil disturbance, maintaining soil cover, and practicing crop rotation and 

intercropping.  Pretty et al. (2006) in a wide ranging study in developing countries, reported that 

if CA and CA-related practices were implemented, average water productivity would increase in 

irrigated agriculture (rice by 16%; cotton 29%) and particularly in rain fed agriculture (cereals by 

70%, legumes 102%, and roots and tubers 108%). The benefits of CA, while emphasized from a 

broader view of sustainability, also contribute to the individual productivity of farms (Kassam et 

al., 2009). 

 

2. The Problem 

Despite having been promoted in Africa for close to twenty years (Ekboir et al., 2002; 

Pascal and Josef, 2007, Jaleta, Kassie and Shiferaw 2013), adoption of CA remains sparse 

(Corbeels et al. 2014). Why has this promising set of agricultural practices not found widespread 

application?   For one, CA is not a panacea – and so may need adaptation and/or targeting to 

specific circumstances (Giller et al 2009; Erenstein et al, 2012; Tesfaye et al, in press). A 

successful technology will also not be equally adopted by a heterogeneous farmer population and 

many factors have been associated with CA adoption in the literature, often in the realm of 

micro-level household and community factors (Knowler and Bradshaw, 2007). This paper 

focuses specifically on the contribution of agricultural policies — particularly the role of input 

subsidies, levels of agricultural extension and access to markets —in shaping the adoption of  

CA after controlling for household and farm-level factors. There is a notable gap in the literature 

concerning the need to analyze the adoption of CA beyond the micro-level. Indeed most focus on 

the micro-level factors at the farm and household level, yet Knowler and Bradshaw (2007) 

http://www.julespretty.com/PDF%20Files/Royal%20Soc%20-%20Reaping%20the%20Benefits%202009.pdf
http://www.julespretty.com/PDF%20Files/Royal%20Soc%20-%20Reaping%20the%20Benefits%202009.pdf
http://www.julespretty.com/PDF%20Files/Godfray%20et%20al%20Science%20Foresight%20Food%20Security%20Feb%2009.pdf
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reported that whereas most of the CA costs are incurred at the farm level, most of the 

(environmental) benefits transcend the farm boundary. Still, to the best of our knowledge, there 

is little information on how the broader agricultural policy environment can determine whether 

farmers adopt CA (or not) and by extension whether they will realize these benefits (or not).  The 

main contribution of this paper therefore is to demonstrate how national level policy and market 

access indicators can be predictors of CA adoption
1
 in maize growing areas of four Eastern and 

Southern Africa (ESA) countries (Ethiopia, Kenya, Tanzania and Malawi).  

Generally the results showed that both subsidy and extension had powerful effects on 

probability of adoption depending on the base from which the effects were simulated.  When the 

ratio of extension —personnel- to- farmer- ratios are compared to public expenditures on 

subsidies, the effect of the subsidy variable appears to have had the stronger effect on adoption 

of CA judging from the simulations involving reductions in subsidy and increasing extension. 

The impact of credit availability was less instrumental: compared to subsidy expenditures the 

results showed that when subsidy was reduced, a universal availability of credit did not prevent 

the probability of adoption reducing when subsidy was reduced, and when credit was reduced 

but subsidy increased, the probability of adoption still increased. Where fertilizer-price ratio was 

raised above base levels, the effect was to lower probability of adoption even when extension 

was increased. The strong effect of extension was also clear in simulations where the extension 

variable was compared to credit availability. By increasing extension, the probability of adoption 

increased even in the complete absence of credit.  

The results suggest that although either policy of heavily subsidizing inputs or increasing the 

levels of extension reach can have clear positive impacts on CA adoption, it is possible to argue 

that investing in elements of cost reduction of inputs (e.g. through infrastructural improvements 

and agribusiness development) together with strengthening extension systems may be more 

sustainable in the long run especially if viewed from a fiscal as well as long run development 

impact perspectives. 

  

                                                           
1
 In this paper, adoption of conservation agriculture is defined as such if the farmer reported having implemented 

minimum or reduced tillage and residue retention on the plot during 2009 cropping season. 
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3. Emergence of CA in East and Southern Africa 

 The vast majority of successful CA adoption has been in the United States, Canada and 

Latin America (most notably Brazil and Argentina) (Trigo et al 2009; Ekboir 2001). As of 2009, 

more than 106 million of hectares were estimated to use under zero tillage were counted across 

the world (Kassam et al., 2009). In the large scale mechanized systems of Canada, the USA, 

Argentina and Brazil, farmers the benefits to CA adoption are readily apparent because the 

significant resource savings nature (especially fuel) is quickly realized at such large scales of 

operation. Presently the evidence base as to what exactly will make CA work is only beginning 

to emerge and remains thin (Giller et al., 2009). It is apparent that factors that have always 

conditioned the adoption of other agricultural technologies may still pose similar hurdles for CA. 

For example, Ojiem et al., (2006) and Knowler and Bradshaw (2007) stated that CA adoption by 

African smallholders may be influenced apparently by an array of socio-economic factors such 

as input prices, knowledge, labour scarcity, lack of capital, farm size or poor infrastructure.  

The emergence of CA as a critical tool in sustainable agriculture emerges from the 1990’s 

with evolving nomenclature and concepts including the 1996 World Food Summit where the Soil 

Fertility Initiative was launched followed by the Better Land Husbandry approach; and for 

Africa a 1998 conservation tillage workshop in Zimbabwe and the formation in 2000 of the 

African Conservation tillage network (Benites et al, 1998, Bishop-Sambrook et al. 2004). The 

core support for the promotion of CA in sub-Saharan Africa (SSA) has invariably come from 

donor funding. For example in 2003 in Zambia, FAO piloted draught animal power (DAP) 

ripping and input packs as part of an FAO’s emergency agricultural intervention plan. The 

Monstanto seed company in collaboration with Sasakawa-Global (SG2000) also has promoted 

no-till practices that rely on herbicides and the retention of crop residues in countries such as 

Burkina Faso, Ghana, Guinea, Mali, Malawi, Nigeria, Senegal, Ethiopia, Kenya, Mozambique, 

Uganda and Tanzania (Bisop-Sambrook et al. 2004).  

In Ethiopia one of the early efforts to introduce minimum tillage was done by the 

Sasakawa-Global (SG2000) in South Achefer district (Matsumoto, Plucknett and Mohammed, 

2004). Using on-farm demonstrations of minimum tillage, improved maize varieties and 

herbicides, the program was implemented for some years involving field demonstrations. There 
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is evidence that in these areas where SG2000 worked, minimum tillage practices are still being 

used by smallholder farmers.  

Conservation agriculture has been formally promoted in Kenya since 1998 under the 

Kenya Conservation Tillage Initiative (KCTI) and by 2005; KCTI had projects in five districts in 

the country with plans at that time to scale up the pilot programs through farmer field schools. 

From these efforts CA is now emerging in several parts of Kenya among a diverse group of 

farmers in such areas as the semi-arid Machakos and Laikipia, the high potential Nakuru and in 

the smallholder sub-humid western Kenya. The 3
rd

 World Congress on Conservation Agriculture 

was held in Kenya. During this Congress, the government (represented by the vice president of 

the Republic of Kenya at that time), expressed its commitment to CA in its strategy to revitalize 

agriculture (ACT, 2008 p. 9).  

Experimental trials on CA in Malawi can be traced back to the 1980’s at Bunda College 

(Mloza-Banda, 2002). In recent years, the authorities have shown that they are keen to promote 

processes and policies to redress land degradation and created a National Conservation 

Agriculture Task force (NCATF). This task force has the mandate of overseeing the proper 

application of sustainable use of natural resources/ land management practices and the advocacy 

of CA initiatives throughout Malawi by participating in land resource policy processes especially 

with regard to CA. The NCATF brings together researchers, developers and policy-makers to 

share information and advance conservation agriculture to new frontiers.  

One of the earliest concerted efforts at promoting CA in Tanzania is reported in Marietha 

et al. (2011) in which they report that in 2004 a joint program between the German Ministry of 

Agriculture and FAO, supported CA practices in Northern Tanzania. The project used farmer 

field schools as entry points for extension and farmer education on CA. The project also 

encouraged the private sector to participate in the fabrication; retailing and developing custom 

hire services for CA equipment such as jab planters, ripper sub-soilers, DAPs, and rippers. These 

projects were pioneered in the North Eastern regions of Arusha and Kagera later expanding to 

Manyara region (also North East) and Kilimanjaro (in the North West). This project facilitated 

the formation of 130 farmer field schools and reaching 3,500 farmers during the 2007-2010 

phases (Marietha et al. 2011).  Overall, this brief review suggests that there have been notable 

CA promotion efforts in the study countries. The question then remains what factors are 

empirically associated with CA adoption? 
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4. Conceptual Framework: Household characteristics, policies, markets access and CA 

Adoption 

This paper focuses on the role of extension and subsidy policies and market access at a 

macro level to identify how the extension–to-farmer-ratio (number of extension personnel to 

10,000 farmers), market access (distance to market), and input subsidy policies can affect CA 

adoption.  We begin with household level factors, outlining pathways through which these 

variables affect the adoption outcomes of CA and then link this to the broader policy and market 

access indicators. 

4.1 Household level constraints 

 Even if CA generally is a labor saving technology, its implementation is not a costless 

venture for resource poor farmers who, ex ante, are not using any significant amounts of external 

inputs. For these farmers, even the modest financial resources needed for complementary 

external inputs such as herbicides (and fertilizers) to implement CA and perhaps the increased 

labor demand for weed management still represent relatively high resource expenditures if they 

are starting from base production practices involving little more than family labor. Many of such 

farmers can find it difficult to put the critical labor and management into their farms if these 

demands compete with the need to sell labor to meet subsistence requirements. Therefore, the 

adoption of even a labor saving practice such as CA can run into headwinds when farmers are 

very resource poor. Under these circumstances, if opportunities for the supply of financial 

products (credit) or the ability to earn cash income are limited, technologies that require up front 

commitment of finances and labor may not be readily adopted (Jack 2013). 

 Therefore, at the micro-level, access to and the ability to acquire information, the need to 

meet minimum subsistence food needs and lack of financial resources (savings or cash income) 

can prevent the adoption of otherwise profitable agricultural innovations. On the other hand even 

if resources are available, if farmers lack the information on how best to implement 

recommended practices, they may fail to do so, because they lack the technical knowhow to 

adopt them optimally and profitably (Jack 2013).  

 To conceptualize the pathway from these constraints to CA adoption, consider a 

subsistence farmer (of the type we have just described) who is faced with the choice of 

implementing CA. This choice can be seen as an intertemporal utility maximization problem, 
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intertemporal because input use and other production costs decisions have to be made at planting 

time based on expected yield and market (price) outcomes several months at the end of the 

agricultural calendar.
2
  

Therefore, given a certain amount of land for maize production and other complementary 

productive assets including labor, the household utilizes these fixed assets (mainly land), and 

other resources such as labor and cash to generate utility as a function of its consumption. The 

choice facing the household is that of implementing CA or not implementing CA in the 

production process. As already explained, the baseline practice (no CA) involves little or no 

external inputs as is common among poor rural farming households.  

Consider that the initial decisions are made at planting time with the harvest time being 

four to six months later, so that (for simplicity) this constitutes a two period discreet time 

framework. Recall that most of the costs of production must be incurred up-front, from savings, 

credit or other non-crop income. Alternatively if farmers have adequate autonomous or market-

purchased food supply, then instead of selling their labor to buy food or using savings for the 

same, they use it on their own farms to grow maize. This is especially a critical issue during peak 

labor demand periods when on-farm operations may demand labor at a time when food stocks 

from previous harvests have been drawn down and purchases are now necessary.  This is the 

reason measure of liquidity (credit access); off farm employment among other covariates can be 

important predictors of who adopts a new agricultural innovation. In rural settings where own 

production is (often) the only source of food, a subsistence constraint that specifies what must be 

consumed during the year is an important consideration. Also, a budget constraint can set the 

upper limits for consumption and liquidity and a credit constraint, reflected in low savings or 

inability to access credit can limit the ability to purchase needed inputs at the critical production 

window. These constraints can be ameliorated by specific policies. 

 

4.2 Macro level policy variables 

4.2.1. Agricultural extension, information and human capital formation 

In agricultural economies of SSA, extension services remain one of the most critical 

public investments and rural services. Recent interest in reforming agricultural extension services 

                                                           
2 The time lapse between sowing and harvesting could be between six to eight months in the four countries. 
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has given new impetus to revamping these services, which suffered neglect subsequent to the 

1980s (Rivera and Alex 2004, Pye-Smith, 2012). These declines were partly due to unsustainable 

expansion during the 1980s and the need for public sector contraction as part of the structural 

adjustment reforms. At the peak of investments in extension in the pre-adjustment years, the 

developing country average of extension-agent-to-farmer-ratio was 1 in 300 and that declined to 

1 in 1500-3000 by 2012 (Pye-Smith, 2012).  

An effective extension system can make available the information needed to make CA 

profitable or educate farmers on the long term benefits and the need to accept benefits that come 

with a lag and to implement recommended practices properly in order to attain full/maximum 

benefit. Yet in SSA and our study countries, extension institutions are largely publicly funded 

with extension personnel being part of the broader cadres of government employees. Yet in view 

of existing challenges to agricultural extension, the issue of investing in and improving extension 

a critical one. These challenges include few extension personnel serving many farmers spread 

over large areas, low willingness to pay for extension services by users and lack of technical 

skills among some extension personnel. This is because the major role of extension is the 

building human capital by imparting the knowledge, skills and managerial abilities needed for 

successful farming. This is one reason why a measure of extension, its effectiveness and message 

content can proxy for human capital formation in agriculture (Coen and Eisner, 1987 cited in 

Zapeda, 2001).  For example, in a study on the impact of extension in Ethiopia, it was shown that 

contact with extension at least once during the production year led to a 7% production increase 

and 10% poverty reduction (Dercon et al. 2008).   

Reflecting the new impetus for extension, the Ethiopia government has recently been 

investing considerably in agricultural extension specifically the number of frontline extension 

staff. An indicator of the levels of this investment is found in Davis et al (2010) which showed 

that given these efforts, Ethiopia was on track to have one of the most favorable ratios of 

extension personnel-to-farmer-ratios (at 16 per 10,000 farmers at the time of publishing Davis et 

al (2010). This ratio was projected to rise to 21 per 10,000 in short order (Davis et al. 2010). The 

extension-to-farmer-ratio in Ethiopia is certainly high, if compared to 4 in Tanzania, 3 in 

Nigeria, 6 in Indonesia and 2 in India and 16 in China (Davis et al. 2010).  Compare this with the 

recommendation in Pye-Smith (2012) that a good ratio of extension agents would be about one 
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extension agent for every 300 farmers or 33 extension agents per 10,000 farmers, suggesting that 

Ethiopia may be halfway towards this threshold.  

In Kenya, smallholder farmers have traditionally benefited from two major types of 

extension systems; (i) the government extension system, and (ii) the commodity-based systems 

run by government parastatals, out grower companies, and cooperatives. However, reflecting the 

hard times that the extension system has gone through, the budget for extension services declined 

from 6% of the annual government budget in the 1980’s to only 2% (in real terms) in the years 

since then (Muyanga and Jayne 2006). A new extension policy has just been published by the 

government (GoK, 2013), reflecting a re-focus on extension. The government extension services 

remain the major provider of extension services in Malawi (Masangano and Mthinda, 2012). The 

new extension policy, launched in 2000, under the heading Agricultural Extension in the New 

Millennium: Towards Pluralistic and Demand-Driven Services in Malawi, has a bottom-up and 

participatory strategy for planning interventions (Masangano and Mthinda, 2012). In Tanzania, 

like the rest of the study countries, agricultural extension services are provided by the public 

sector through the Ministry of Agriculture. Recently, there have been efforts reflected in the 

National Agriculture Policy of 2007 which states the government’s intension to increase the 

number of extension workers by 15,082 in 2015 (Daniel 2013). The common thread in the four 

countries is that there is renewed policy focus on agricultural extension to expand the space for 

more providers and increase government spending in extension systems by increasing the 

number of staff.  

 

4.2.2. Market access, input-output prices and incentives for technology adoption 

The late 1980s through to the 1990s was an important era of change in the economies 

of many SSA countries. Hitherto, the agricultural sectors had been dominated by state controlled 

institutions and agricultural markets (especially grain markets) which were controlled by state 

monopolies with many restrictions on private commerce in these sectors (Jayne, Chapoto, and 

Shiferaw, 2011). The liberalization reforms (structural adjustment programs) of this period 

included the removal of restrictions on private commerce in agriculture and removal of pan-

territorial and pan-seasonal pricing among other reforms. There has been noticeable progress in 

many countries since then as evidenced by the entry of large numbers of small traders and 

greater competition in grain markets. Nevertheless, outstanding issues remain which prevent 
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these sectors from attaining the fullest efficiency. These revolve around inadequate infrastructure 

and weak agricultural supply chains. The effect being high input prices and low effective prices 

for produce.  These impediments hamper technology adoption because they make otherwise 

beneficial technologies (e.g. hybrid –fertilizer combinations, herbicide-based conservation 

methods) inaccessible or expensive. Poor infrastructure leads to market isolation and lack of 

integration with national or regional markets implying that any increased production can 

undermine producer prices, erode profitability and undermine technology use. Due to poor 

infrastructure, fertilizer/grain price ratios in SSA have been found to be two times those found in 

Latin America or Asia a (Yamano and Arai, 2010).  

 

4.2.3. The role of subsidies under unfavorable fertilizer and crop price regimes 

The return of fertilizer subsidies in SSA in recent years comes after a period of their 

absence in the wake of the aforementioned structural adjustment programs of the 1980s and 

1990s.  At their peak in the 1960s and 1970s the main reasoning was that the lessons from the 

Asian green revolution showed that subsidies were crucial in supporting the widespread adoption 

of improved seeds and fertilizers.  Consequently, public expenditures on subsidies have been 

considerable in countries that have chosen to implement them. For example, Malawi spent about 

72% of its agricultural budget in 2008/09 on agricultural input subsidies (Dorward and Chirwa 

2010). Such policy of increasing government investment on subsidies has inevitably led to a 

number of challenges including high fiscal costs and crowding out investment in other areas of 

agricultural development.  

 

How do input (mainly fertilizer) subsidies relieve financial, liquidity, profitability or 

infrastructural constraints?  Carefully targeted subsidies can enable liquidity constrained farmers 

to overcome short-term financing constraints. Keeping other things constant; by lowering the 

overall costs of inputs these farmers may find it easier to use fertilizer and other complementary 

practices such as CA. There is a consensus that whether a subsidy policy achieves its objectives 

will depend on a number of conditions being met. The conditions would include creating 

programs  that are “market smart” to jumpstart agricultural input markets (since subsidies can be 

helpful in stimulating the demand side of agricultural input value chains), underwriting risks for 
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adoption of technology to facilitate scaling up, and having credible exit options (Smale, Byerlee 

and Jayne 2011).  

 

5. Empirical approach 

5.1. Estimating the adoption equation 

When presented with the decision to implement CA or not, farmers are essentially 

making a binary choice. There are several elements in this choice process including the 

environment in which farmers operate and the observed household and farm characteristics of 

the decision maker (e.g. gender, educational attainment, age, plot characteristics) and unobserved 

attributes (risk attitudes, motivation, etc.). We use a set of farm household and environment 

indicators in a binary Probit model to estimate the factors that affect plot level adoption of 

conservation agriculture in the study sites.  

 

5.2. Policy Simulation framework 

We implement a series of policy simulations on the base model results to compare the 

predicted probabilities of adoption under different policy scenarios. Specifically, we simulate the 

following policy scenarios based on the predicted probabilities obtained from the probit model: 

(a)  E[𝑃𝑟(𝐶𝐴𝑖|p𝑖)], is the base scenario, the expected probability of CA adoption in country i 

when the policy variable takes on the country specific value in each country, where 

i=Ethiopia, Kenya, Malawi and Tanzania.  

(b) E[𝑃𝑟(𝐶𝐴𝑖|𝑝)], is the predicted probability of CA adoption in country i when the policy 

variable takes on the average value across all countries, 𝑝.  

(c) E[𝑃𝑟(𝐶𝐴𝑖|p𝑗)], is the expected probability of CA adoption in country i when the policy 

variable takes on a specific alternative policy (i.e. 𝑖 ≠ 𝑗). In this case j would be policy 

specifically based on another country within our sample which best typifies the policy in 

question. 

Finally, in a fourth category (d) of comparisons we combine different policy variables to 

reflect the fact that policies do not work in isolation and to capture the different policy 

permutations possible in the real world and the implied interaction effects by simulating what the 
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predicted probabilities would be if a particular policy value was combined with a different policy 

level e.g. high numbers of extension staff but low input subsidies or low fertilizer-maize price 

ratios with low input subsidies. Therefore: 

(d)   E[𝑃𝑟(𝐶𝐴𝑖|𝑝𝑖,𝑝𝑗,)], is the expected probability of CA adoption in country i when the policy 

variable takes on a combination of alternative policies. In this case j would be a set of two 

policies specifically based on 1-2 countries within our sample which best typifies the policy in 

question. 

6. Data and data sources 

The empirical analysis uses household- and plot-level data gathered in 2010/11 in Kenya, 

Malawi, Ethiopia, and Tanzania. The survey was conducted by the International Maize and 

Wheat Improvement Center (CIMMYT) in collaboration with the respective countries’ national 

agricultural research institutes (NARIs).   

In Ethiopia, the survey was carried on selected maize-legume based farming systems in 

different regions of the country (SNNP, Benshangul- and Oromya regions). A multi-stage 

sampling was employed to select households to be included in the survey. In the first stage nine 

districts were selected purposively based on the importance of maize and the associated 

agroecology (Bako Tibe, Gubuesyo, Shalla, Dudga, Adami Tullu, Mesrak Badawacho, Meskan, 

Hawassa Zuriya and Pawe). In the second stage, 69 Peasant Associations (PAs) were randomly 

picked from a list of PAs in each district. At the final stage, 896 households were randomly 

selected from each PA; with the number of households selected from each PA proportional to the 

number of the households in the PA.  

In Kenya, five districts were selected (two districts from western Kenya region 

(Bungoma and Siaya) and three districts from eastern Kenya region (Embu, Meru South and 

Imenti South). The two regions were assigned an equal number of sample households (300 each). 

The households in a region were distributed across the respective districts according to the total 

number of farm households per district (proportionate sampling). Multi-stage sampling was 

employed to select lower level sampling clusters: divisions, locations, sub-locations, and 

villages. In total, 30 divisions were selected – 17 from western Kenya and 13 from Eastern 

Kenya. Efforts were made to ensure representation of the sample depending on the population of 
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the study areas. Proportionate random sampling was designed to select divisions from each 

district, sub-locations from each division, villages from each sub-location, and households from 

each village.  

In Malawi as with the rest of the countries, purposive sampling was used in the first stage 

to select regions of the country where smallholder maize farming is important. Stratified 

sampling was used to select six districts; five in the Central region (Lilongwe, Kasungu, Mchinji, 

Salima and Ntcheu) and one (Balaka) in the South. Eventually, 64 Extension Planning Areas 

(EPA’s), 89 Sections and 235 villages were selected using multi-stage random sampling 

combined with probability to proportional size. Similarly, using the same process, 891 

households from the 235 villages were selected for this study.   

In Tanzania the survey targeted two maize-legume based farming systems in the eastern 

and northern zones of Tanzania (Kilosa and Mvomero in the eastern zone and Mbulu and Karatu 

districts in the northern zone). These districts were purposively selected followed by multi-stage 

random sampling to arrive at a total sample of 60 villages and using probability to proportional 

size, a final tally of 701 households were interviewed. From the four countries, the total data set 

comprised of 2,736 farm households and 11,188 maize plots from 700 villages in 43 districts.  

 

6.1. Household variables descriptive Statistics 

We summarize the descriptive statistics in Table 1. These data show that CA was 

variously used in the study sites of Ethiopia (30%), Kenya (4%), Malawi (35%) and Tanzania 

(11%) respectively with a pooled sample average of 22%. The demographics of the farming 

population as per this sample show that on an average, the farmer in Kenya was older (50 years) 

compared to the Tanzania (45 years), Ethiopia (43 years) and Malawi (42 years). The Kenyan 

farmer had on average 7.5 years of formal schooling compared to 3.0, 5.7 and 5.4 in Ethiopia, 

Malawi and Kenya, respectively. Only a minority had any non-farm sources of income; 23% of 

the Kenyan households has non-farm source of income, followed by Malawi (13%), Tanzania 

(6%) and Ethiopia (5%). The average household size appears to be within a narrower range in all 

the three countries ranging from 5 members in Malawi to 7 members in Ethiopia. As expected 

households in Ethiopia had the highest livestock numbers (6.24 TLUs or tropical livestock units) 

and Malawi had the lowest at 0.72 TLUs. The farm size of cultivated during the major 

agricultural season was 2.8 ha in the pooled sample and was least in Kenya at 1.32 ha and 
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highest Tanzania (4.7 ha) followed by Malawi (3.4 ha) and Ethiopia (2.6 ha). The value of non-

livestock assets was highest in Ethiopia ($ 883) and least in Tanzania ($152).  The data on credit 

constraint shows that typically about 50% of households reported needing credit and not finding 

it. In Ethiopia, Kenya and Malawi credit constrained households were 56%, 45% and 49%. In 

Tanzania relatively few (26%) of households reported needing credit and not finding it.   Overall, 

25 percent of the farmers belonged to any farmers’ groups. Similar proportion was observed in 

Tanzania. Malawi had the highest proportion (39 percent) of farmers belonging to any farmer 

groups and Kenya and Ethiopia the proportion was approximately 20%.  
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Table 1 Variable Definitions 

 Pooled  

(N=11,188) 

Ethiopia  

(N=3,861) 

Kenya 

(N=2851) 

Malawi 

(N=2937) 

Tanzania 

(N=1539) 

Variable Description Mean SD Mean SD Mean SD Mean SD Mean SD 

Conservation agriculture 

practices on plot 
0.22 0.41 0.30 0.46 0.05 0.21 0.35 0.48 0.11 0.31 

If household head is male (yes 

=1) 
0.87 0.33 0.94 0.24 0.82 0.39 0.83 0.37 0.88 0.32 

Age of the household head 

(years) 
45.0 14.2 42.5 12.7 50.7 14.3 42.4 14.4 45.9 13.8 

Education of the household 

head (years completed) 
5.21 3.96 3.03 3.33 7.54 3.82 5.73 3.74 5.40 3.16 

Household has some non-farm 

income (yes=1) 
0.35 0.48 0.05 0.22 0.23 0.42 0.13 0.34 0.06 0.24 

Number of family members 5.98 2.56 6.81 2.60 5.85 2.70 5.21 2.17 5.65 2.29 

Tropical Livestock Equivalent 

(TLU) 
4.75 61.19 6.24 5.74 2.40 2.47 0.72 1.74 3.49 7.15 

Total farm size in long rain 

season (ha) 
2.75 3.12 2.58 1.85 1.32 3.14 3.38 2.60 4.66 4.78 

Total non-livestock assets 

owned by the household in 

USD$ 

647 1163 883 1371 740 1134 506 1033 152 507 

Household is credit 

constrained (yes=1) 
0.47 0.50 0.56 0.50 0.45 0.50 0.49 0.50 0.26 0.44 

Respondent confident in 

extension provider (yes=1) 
0.28 0.45 0.29 0.45 0.26 0.44 0.25 0.43 0.39 0.49 

Perceived plot soil fertility  

(1=Poor, 2=Medium, 3=Good)   
2.29 0.65 2.40 0.61 2.18 0.65 2.34 0.70 2.11 0.52 

Perceived plot slope 

(1=Gentle/flat, 2=medium 

slope, 3=Steep slope) 

1.49 0.61 1.36 0.54 1.57 0.57 1.49 0.69 1.70 0.63 

Perceived plot soil depth 

(1=shallow, 2= medium, 3= 

deep) 

2.17 0.70 2.19 0.79 2.06 0.59 2.25 0.73 2.18 0.55 

Number of grain traders from 

outside village known to 

respondent  

4.26 6.20 4.21 5.35 3.52 3.59 6.14 6.04 2.19 10.10 

Number of grain traders from 

within village known to 

respondent 

2.52 4.84 1.81 2.68 3.14 3.87 2.96 4.99 2.31 8.64 

Number of non-relatives 

outside village respondent  can 

rely on for help 

4.27 8.30 4.93 10.84 5.98 8.80 2.66 4.00 2.54 4.23 

Number of non-relatives 

within village respondent  can 

rely on for help 

5.18 9.60 6.91 13.54 5.62 8.63 3.15 4.06 3.91 4.81 

Number of relatives outside 

village respondent  can rely on 

for help 

5.02 8.02 6.12 9.52 5.98 8.80 3.17 3.47 4.00 7.87 

Number of relatives outside 

village respondent  can rely on 

for help 

4.74 6.55 5.50 6.86 5.62 8.63 3.41 3.34 3.78 5.23 

Household head belongs to a 

farmers’ association 

(cooperatives etc.) 1= yes, 0 

otherwise 

0.25 0.44 0.20 0.40 0.19 0.40 0.39 0.49 0.25 0.43 

Perception of main road out of 

village (1=poor or very poor, 

2=Average, 3=Good or very 

good) 

1.94 0.82 1.73 0.83 1.88 0.81 2.26 0.74 1.96 0.78 

Cost in US$ of reaching main 

market by typical means 
0.53 0.69 0.27 0.22 0.62 0.43 0.63 0.71 0.84 1.32 

Distance to market at from 

household’s residence 
8.92 6.39 8.95 3.79 6.05 4.42 8.67 4.82 14.62 11.49 
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6.2.  Policy and market access variables descriptive statistics 

Table 2 shows the policy and market access variables used in the policy simulations as 

well as the sources for these data. We chose the policy and market access data for the year 2010 

because the time the household data was collected. In cases where the data for 2010 were not 

available, we chose the data for the year nearest to 2010. In terms of extension–personnel-to-

farmer-ratio (EFR) - measured as the number of frontline staff per 10,000 farmers- Ethiopia had 

the highest EFR at 16, followed by Kenya (10), Malawi (6) and Tanzania (4). Malawi spent the 

most (58.9%) on input subsidies as a percent of government’s agricultural budgets (SER) 

between 2009 and 2011 compared to Ethiopia (10%), Kenya (19%) and Tanzania (46%). The 

fertilizer-maize-price-ratio (FMPR) was highest in Kenya (3.5) and lowest in Tanzania (1.8) and 

was 2.9 and 2.3 in Ethiopia and Malawi, respectively. Yet the distance to the nearest market was 

15 km in Tanzania (the highest), 9 km in Malawi and 6.4 km and 6.0 km in Ethiopia and Kenya, 

respectively (Table 1). This perhaps raises an apparent contradiction between FMPR and 

distance to market. However the low FMPR in Tanzania and Malawi may be the result of the 

very high input subsidy (mainly fertilizer subsidies) in these countries. The Tanzanian subsidy 

model for example has emphasized subsidy on transportation thereby mitigating the effect of 

long distances to markets on FMPR. In both Malawi and Tanzania, the high subsidies may have 

led to a generalized decline in market prices for fertilizer.  
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Table 2: Policy simulation variables 

 Ethiopia Kenya Malawi Tanzania  Average 

Extension personnel per 10,000 farmers (EFR) 

 16.0 10.0 6.2 4.0 9.0 

Period 2010 2012 2008 2010 2008-2012 

Sourcea Davis et al. (2010) GoK (2012) Pablo et al. (2008) Davis et al. (2010)  

Input subsidy expenditure as a percent of public agriculture spending (%) (SER) 

 10.4 19.0 58.9 46.0 33.6 

Period 2009-2011 2009-2011 2009-2011 2009-2011 2009-2012 

Source Jayne and Rashid 

(2013) 

Jayne and Rashid 

(2013) 

Jayne and Rashid 

(2013) 

Jayne and Rashid 

(2013) 

 

Farm gate maize  prices (US$/kg) 

 0.158 0.230 0.170 0.189 0.187 

Period 2010 2010 2010 2010 2010 

Farm gate fertilizer  prices (US$/kg) 

 0.455 0.807 0.392 0.344 0.500 

Period 2010 2010 2010 2010 2010 

Fertilizer-maize price ratios (FMPR) 

 2.9 3.5 2.3 1.8 2.7 

Period 2010 2010 2010 2010 2010 

aSource: Authors’ computations unless otherwise indicated 

 

 

7. Results and Discussions 

7.1 Results from adoption model: 

Table 3 presents the results from the adoption model. Since the objective of this paper is to 

simulate the effects of policy variables discussed above, we briefly discuss the adoption model 

results mainly focusing on the policy variables.  Distance to the nearest market had a negative 

but not significant impact on adoption of CA. The higher the EFR and the higher the percentage 

of public agricultural expenditure spent on input subsidies (SER), the more likely was adoption 

of CA. The lack of credit was negatively and significantly associated with adoption of CA. 

Those households where the head belonged to a farmers’ association and the higher the number 

of non-relatives the household could rely on for help, the more likely were such households to 

have implemented CA. This suggests the strong influence of social connectivity as predictor of 

agricultural technology adoption either through information or resource flows and other mutual 

support systems.  All the signs of the other variables are intuitive and we do not observe any 
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effects that may be considered counterintuitive from either a theoretical point of view or from the 

literature. In the following section we report the results from the policy simulations based on the 

estimated probit model (reported in Table 3). 
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Table 3: Probit Estimate of factors that affect plot level adoption of conservation 

agriculture in Ethiopia, Kenya, Malawi and Tanzania  

Variable Coefficient 

Sex of the household head 0.098** 
 (0.049) 

Age of the household head (years) -0.001 

 (0.001) 
Education of the household head (years completed) -0.010** 

 (0.005) 

Household head had salaried income (yes=1) -0.238*** 
 (0.064) 

Number of household members -0.000 

 (0.007) 
Tropical Livestock Equivalent (TLU) 0.000 

 (0.000) 

Total farm size in long rain season (ha) -0.005 
 (0.006) 

Total non-livestock assets owned by the household in US$ 0.000 

 (0.000) 
Number of grain traders from outside this known to household head -0.010*** 

 (0.003) 

Number if grain traders within village known to household head 0.008** 
 (0.003) 

Number of non-relatives living outside this village that the household can rely on for help 0.006** 

 (0.003) 
Number of non-relatives living in this village that the household can rely on for help 0.010*** 

 (0.002) 

Number of relatives living outside this village that the household can rely on f -0.007** 
 (0.003) 

Number of relatives living in this village that the household can rely on for help -0.002 

 (0.003) 
Household head belongs to a farmers’ association 0.106*** 

 (0.034) 

If credit is needed but unable to find it -0.152*** 
 (0.032) 

Household head confident in skill of extension staff 0.033 

 (0.033) 
Plot is of medium soil fertility (base=poor quality) 0.024 

 (0.053) 

Plot is of good soil fertility (base=poor quality) -0.111** 
 (0.054) 

Plot is of medium slope (base = flat gradient) 0.126*** 

 (0.033) 
Plot is of steep slope (base = flat gradient) -0.208*** 

 (0.065) 

Plot is of medium soil depth (base=shallow depth) -0.128*** 
 (0.042) 

Plot is of deep soil (base=shallow depth) -0.237*** 

 (0.042) 
Distance to nearest main agricultural market  -0.004 

 (0.003) 
Average single trip transport cost to the main (US$) -0.000*** 

 (0.000) 

Extension personnel per 10,000 farmers 0.058*** 
 (0.013) 

Percent spent on input subsidies as a percent of public agricultural spending 0.027*** 

 (0.004) 
Constant -2.495*** 

 (0.274) 

Model Statistics  

Observations 11,188 
Log likelihood -4737.995 

LR chi2 2295.32*** 

Pseudo R2 0.195 

 



21 
 

7.2. Policy Simulations 

7.2.1 Extension simulations 

Changing individual country’s extension to farmer ratios (EFR): The impact of extension 

to farmer ratio (EFR) on the predicted probability of CA adoption (hereafter probability of 

adoption) is high across all countries (Table 4). In the pooled sample, the probability of adoption 

is about 17.0 percent in the base case (corresponding to a whole-sample average mean EFR value 

of 9 12) and this increases to 21.4 percent when Ethiopian EFR value (16) is assumed (Table 4). 

In Kenya, the probability of adoption increases from 3.9 to 6.5 percent by increasing the EFR 

from 10 to 16.  Similarly, in Malawi (Tanzania) the probability of adoption increases from about 

3.4 percent to about 5 percent (10 percent to 21.4 percent) given the EFR increase from 6 to 16 

(and 4 to 16 ) in Malawi (Tanzania) respectively.  The effect of reducing the Ethiopian EFR from 

16 to 9  (whole-sample average)  lowers the probability of adoption among Ethiopian farmers 

from 26 percent to about 13% and with marginal effects in Kenya since the reduction in EFR 

was also small (from 10 to 9). Since setting the EFR at sample average involves an increase in 

EFR for the other two countries, the probability of adoption increased in either case, from 34 to 

38 and 10 to 14 percent in Malawi and Tanzania respectively. When EFR was changed from 

each sub-sample mean to either Ethiopian subsample mean or pooled sample mean, the average
3
 

elasticity of the predicted probability of CA adoption (hereafter elasticity of adoption) was such 

that increases the EFR by 1 percent would lead to an average of 0.8 percent increase in the 

probability of adoption in the whole sample simulation (Table 5).The average elasticity was 

approximately 2.0 in Ethiopia and approximately 0.35 in Kenya, 1.0 in Malawi and 0.3 in 

Tanzania (Table 4).  
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Table 4: Extension Simulations 

 
Predicted probability of CA Adoption by sample) 

 Whole sample  Ethiopia Kenya Malawi Tanzania 

Base case (A) 0.168*** 

(0.004) 

0.258*** 

(0.008) 

0.039*** 

(0.004) 

0.338*** 

(0.009) 

0.099*** 

(0.008) 

 

Panel I: Effect of changing Extension-Staff-to-Farmer-Ratio (EFR): for each country set EFR at Ethiopian level 

EFR at whole sample  

mean (B ) 
NA 

0.126*** 

(0.040) 

0.036*** 

(0.004) 

0.384*** 

(0.022) 

0.139*** 

(0.019) 
EFR at Ethiopian mean 

(C) 
0.214*** 

(0.019) 
NA 

0.065*** 

(0.013) 

0.498*** 

(0.067) 

0.214*** 

(0.057) 

Chi-square tests 

A=B NA 8.60** 7.09** 6.0** 4.61** 

A=C 5.47*** NA 4.47** 5.91** 4.10** 

Elasticities of adoption wrt EFR 

A to B NA 1.997 0.975 0.138 0.205 

A to C 0.795 NA 1.111 0.284 0.387 

 

Panel II: Effect of low EFR and high subsidy (SER): For each country set EFR  Tanzania’s level and  SER at Malawi’s level  

At Tanzania’s EFR and 
Malawi’s SER (D) 

0.213*** 

(0.023) 

0.301*** 

(0.037) 

0.092*** 

(0.029) 

0.308*** 

(0.014) 

0.142*** 

(0.019) 

Chi-square tests A=D 3.85* 1.31 3.60* 6.50* 5.62* 

 

Panel III: Effect of high EFR with low SER  

At Ethiopia’s EFR and 
Ethiopia’s SER (E) 

0.129*** 

(0.015) 
NA 

0.048*** 

(0.006) 

0.201*** 

(0.047) 

0.080*** 

(0.015) 

Chi-square tests A=E 7.22** 1.31 3.61* 7.89* 2.35 

 

Panel IV: Effect of high extension with complete absence of credit: for each country set  credit constraint at 1 and EFR at Ethiopia’s level  

No credit available and 
EFR at Ethiopia’s level  

(F) 

0.192*** 

(0.019) 

0.179*** 

(0.022) 

0.056*** 

(0.011) 

0.469*** 

(0.067) 

0.184*** 

(0.051) 

Chi-square tests A=F 1.75 12.16*** 2.33 4.04* 2.73* 

Observations 11,188 3,861 2,851 2,937 1,539 

 

Reducing extension (EFR) but increasing subsidies (SER): In Table 4, we also report 

simulation results of what happens to probability of adoption when extension is reduced (by 

setting it at Tanzanian level) and at the same time increasing SER (hereinafter simply referred to 

as subsidy) by setting it at Malawi’s level of 58.9 percent.  The results suggest the powerful 

impact of subsidy expenditures on probability of adoption. Despite reducing EFR in Ethiopia by 

75 per cent, the probability of adoption increases by about 4 percentage point (from 26 to 30 

percent). The result for Malawi provides a “counterfactual” in this case. Since the SER stayed 

the same only the EFR reduced to Tanzanian level and the probability of adoption reduced in 

Malawi’s case from about 34 to31 per cent. For all the other countries (including pooled sample), 

the increased SER appear to more than compensate the reductions in EFR, so that probability of 

adoption increases despite reductions in EFR (Table 4, panel II). 
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Increasing extension (EFR) and reducing subsidies (SER): In panel III of Table 4, the 

results show the effect of increasing EFR to compensate for reductions in SER as a policy 

alternative. This simulates for the other countries what would happen if the EFR and SER 

combinations were similar to Ethiopia’s.  This combination leads to a marginal increase in 

probability of adoption in Kenya. For the pooled, Malawi and Tanzanian sample the probability 

of adoption declines by between 2 percent (Tanzania) and 14 percent (Malawi). This is intuitive 

because in this setting, even though Tanzania had a 78 per cent reduction in SER, the EFR was 

increased by 300 per cent. This could be responsible for the (relatively) small (2 point drop) 

compared to 14 points for Malawi even though both had large reductions in SER.  

  

Increasing extension (EFR) with no credit availability: In these simulations (Panel IV of 

Table 4), the compensatory effect of high extension with an assumed lack of credit is 

demonstrated. This was achieved by setting the EFR at the highest Ethiopian level, and making 

the credit constraint variable to be binding for all famers. The results show that in all cases 

(except Ethiopia) adoption increased: Kenya (16), Malawi (13)  and Tanzania (8) and overall (2). 

The decrease in probability of adoption in Ethiopia provides a useful benchmark for 

demonstrating the effect of credit constraint on probability of adoption: the probability of 

adoption fell from 26 to 18 percent by making all households credit constrained (up from 56 

percent, whereas EFR is unchanged).   

7.2.2. Subsidy simulations 

Changing individual country’s input subsidies (SER): In panel I of Table 5, the results 

show that when SER is set at whole sample mean (33.6), the probability of adoption  falls in 

Malawi (by 14 per cent ) and in Tanzania (by 3 percent).  The whole sample SER average of 

33.6 percent entails an increase in SER and hence probability of adoption. Setting SER at the 

Malawian level increases probability of adoption by more than 100 percent in Ethiopia and 

Kenya and by about 40 percent in Tanzania.    In terms of elasticity, a policy that increases the 

SER by 1 percent would lead to an average of 1.2 percent increase in the probability of adoption 

in the whole sample simulation (Table 5).This (average) elasticity was approximately 0.25 in 

Ethiopia and approximately 1.1 in Kenya, 1.0 in Malawi and 1.4 in Tanzania. Overall the 

elasticities reported in Table 4 and 5 suggest that the responsiveness to adoption arising from 

changes in EFR or SER are roughly of similar order of magnitude.  
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Reducing (increasing) subsidies (SER) and increasing (reducing) credit: In Panel II and 

III of Table 5, we compare the compensatory effects between subsidies (SER) and credit. In 

panel II, lowering SER and increasing credit (by treating every household as if they all had 

credit) leads to lower probability of adoption in all cases (including the pooled sample) except in 

Ethiopia. The Ethiopia outcome provides a benchmark because in this case the SER was 

unchanged but credit constrained removed hence probability of adoption increased – albeit by 

only 3% points from 26 to 29 percent. In panel III, the simulation involved assuming no credit 

was available with subsidy at the highest (Malawian) level. In this case the probability of 

adoption increased in all cases except in Malawi where the reduction in credit availability with 

EFR staying the same, led to a reduction in probability of adoption from 34 to 31 percent.  

Table 5: Subsidy Simulations 

SER level Whole sample  Ethiopia Kenya Malawi Tanzania 

Base Level (A) 
0.168*** 

(0.004) 

0.258*** 

(0.008) 

0.039*** 

(0.004) 

0.338*** 

(0.009) 

0.099*** 

(0.008) 

 

Panel I: Effect of changing input subsidy as a percent of public expenditure on agriculture (SER): for each country set SER at Malawi’s level 

  Predicted probability of CA Adoption by sample 

At whole sample  mean 
(B ) 

NA 
0.401*** 
(0.060) 

0.065*** 
(0.013) 

0.197*** 
(0.045) 

0.067*** 
(0.013) 

At Malawian mean (C) 0.319*** 
(0.67) 

0.572*** 
(0.126) 

0.140*** 
(0.057) 

NA 
0.143** 
(0.019) 

Chi-square tests 

A=B 
NA 5.90** 4.80** 

9.27*** 

 
9.91*** 

A=C 5.12** 6.38** 3.11* NA 5.62** 
Elasticities of adoption wrt SER 

A to B NA 0.248 0.868 0.971 1.199 

A to C 1.194 0.261 1.233 NA 1.585 

 

Panel II: Effect of low subsidy  with full credit availability: for each country set SER at Ethiopia’s level and credit constraint at 0 

At Ethiopia’s SER and no 
credit constraint  (D) 

 

0.109*** 

(0.024) 

0.285*** 

(0.010) 

0.033*** 

(0.006) 

0.119*** 

(0.062) 

0.031*** 

(0.017) 

Chi-square tests      

A=D 6.15** 19.3*** 2.54 11.83*** 17.93*** 

 

Panel III: Effect of high subsidy with no credit available: for each country set credit constraint at 1 and SER =at Malawi's level 

At Malawi’s SER and no 
credit available  (E) 

 

0.292*** 

(0.064) 

0.547*** 

(0.126) 

0.124*** 

(0.052) 

0.312*** 

(0.010) 

0.120*** 

(0.017) 

Chi-square tests      

A=E 3.80* 5.34* 2.61 20.96*** 1.63 

Observations 11,188 3,861 2,851 2,937 1,539 

 

7.2.3. Fertilizer-maize price ratio simulations 

Changing fertilizer-maize price ratios (FMPR): A high fertilizer-maize price ratio 

(FMPR) can mean either fertilizer prices are high relative to those of maize grain or maize prices 
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are low relative to those of fertilizer. If FMPR is high because of relatively high fertilizer prices 

then the probability of adoption can be expected to decrease if fertilizer is seen as a critical 

component for CA to succeed. If FMPR is high because of relatively low maize prices, then this 

too can reduce the profitability of fertilizer and maize production generally, thereby discouraging 

CA adoption. In Table 6 we simulate the impact of FMPR on probability of adoption when the 

FMPR takes on the whole sample mean and the lowest value observed (1.8 in Tanzania). When 

the FMPR was set at the whole sample mean, hence increasing FMPR for Malawi and Tanzania, 

then the probability of adoption reduced somewhat in both cases. Reducing the FMPR to 

Tanzanian levels would increase probability of adoption in all cases. 

Table 6: Fertilizer-maize price ratio (FMPR) simulations  

  Predicted probability of CA Adoption by sample 

FMPR level Whole sample  Ethiopia Kenya Malawi Tanzania 

 

Base Level  (A) 
0.168*** 
(0.004) 

0.258*** 
(0.008) 

0.039*** 
(0.004) 

0.338*** 
(0.009) 

0.099*** 
(0.008) 

 

Panel I: Effect of increasing fertilizer maize price ratio (FMPR): for each country set FMPR at Tanzania’s level 
 

At whole sample  mean 

(B ) 
NA 

0.268*** 

(0.010) 

0.051*** 

(0.007) 

0.315*** 

(0.015) 

0.076*** 

(0.009) 
At Tanzanian mean (C) 0.207** 

(0.021) 

0.316*** 

(0.031) 

0.067*** 

(0.016) 

0.367*** 

(0.016) 
NA 

 

Chi square tests 

A=B NA 4.04** 3.54* 4.28** 4.38* 

A=C 3.65* 3.76** 2.89* 4.04** NA 

 
Elasticities of adoption wrt FMPR 

A to B NA -0.562 -1.346 -0.391 -0.465 

A to C -0.696 -0.593 -1.478 -0.395 NA 

 

Panel II: Effect of high FMPR with high EFR: for each country set  FMPR at Kenya’s level and EFR at Ethiopia’s level   

 

At Kenya’s FMPR and 
Ethiopia’s EFR (D) 

 

0.181*** 

(0.029) 

0.171*** 

(0.017) 

0.065*** 

(0.013) 

0.424*** 

(0.091) 

0.145*** 

(0.063) 

Chi-square tests      

A=D 0.21 22.94*** 4.47* 0.93 0.51 

 

 
Panel III: Effect of low FMPR with low EFR: for each country set  FMPR and EFR at Tanzania’s level  

 

Both FMPR and EFR at 

Tanzania level  (E) 
 

0.127*** 

(0.038) 

0.119** 

(0.065) 

0.040*** 

(0.018) 

0.336*** 

(0.023) 
NA 

Chi-square tests      

A=E 1.22 4,32* 0.01 0.01  

Observations 11,188 3,861 2,851 2,937 1,539 
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Increasing (reducing) FMPR and increasing (reducing) extension
4
: An increased FMPR 

combined with high EFR only had significant effects in Ethiopia and Kenya. For Ethiopia the 

increase in FMPR significantly reduces probability of adoption (EFR stays unchanged) but for 

Kenya where EFR increases (from 10 to 16 and FMPR remains constant), the probability of 

adoption increases from 4 to 6 percent.  Therefore, the co-increase in EFR and FMPR tend to 

mute and cancel each other out – albeit suggesting perhaps a stronger effect of extension. The 

result in panel III, appear to corroborate the results in panel II. The reduction in FMPR 

(effectively cheaper fertilizer or more remunerative maize prices), does not lead to higher 

increased probability of adoption apparently because of the reduced EFR (set at 4, the Tanzanian 

level).  However the reductions are not statistically significant except in Ethiopia where the 

effect of 75% EFR reduction appear to have a significant effect.  

 

7.2.4. Distance to market simulations 

The distance to market (DTM) simulations show that there are marginal increases
5
 in the 

probability of adoption when DTM is reduced (suggesting market access can be associated with 

higher adoption). The average DTM across all four countries was 8.9 km and reducing this to 6.1 

km (the Kenyan average) increased the probability of adoption  from 16.8% to 17.5% (a 0.7% 

point increase) (Table 7). In the Ethiopian, Malawi and Tanzania DTM simulations, reducing the 

DTM to the Kenyan levels (which translate to 32%, 30% and 58% reductions respectively) 

increase the probability of adoption   by 0.9, 0.8 and 1.4 percent points respectively).  All the 

elasticities of adoption with respect to DTM are less than -0.2. The exception was Tanzania 

which was 0.24, the largest).  These small increases were nevertheless all statistically significant 

at the 1 percent level.  

  

                                                           
4 Note that we do not compare FMPR with SER for the following reasons. FMPR is computed from the subsidized fertilizer price data reported 
by farmers. Thus, FMPR cannot remain the same when SER is set to zero. Subsidy (measured by SER) has a direct effect on FMPR. So it is 

counterintuitive to keep FMPR constant when varying input subsidies (which for all practical purposes are fertilizer subsidies in the study 

countries).   

5 Given the small increases in probability of adoption observed for DTM in Table 7, we refrained from simulating other DTM iterations.  
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Table 7: Distance to Market (DTM)  

  Predicted probability of CA Adoption by sample 

Extension: farmer 

ratio level 

Whole sample  Ethiopia Kenya Malawi Tanzania 

Base Level (A) 0.168*** 

(0.004) 

0.258*** 

(0.008) 

0.039*** 

(0.004) 

0.338*** 

(0.009) 

0.099*** 

(0.008) 

 

Panel I: Effect of reducing the distance to market (DTM): for each country set the DTM at Kenya’s level 

 

At whole sample  

mean (B ) 
NA 

0.258*** 

(0.008) 

0.037** 

(0.004) 

0.337*** 

(0.009) 

0.108*** 

(0.009) 

At Kenyan  mean (C) 0.175*** 

(0.005) 

0.267*** 

(0.009) 
NA 

0.346** 

(0.010) 

0.113*** 

(0.10) 

Chi square tests 

A=B NA 9.35*** 9.29*** 9.37*** 8.75*** 

A=C 9.16*** 9.20*** NA 9.27*** 8.50*** 

Elasticities of adoption wrt DTM 

A to B NA 0.0000 -0.1117 -0.1287 -0.2329 

A to C -0.132 -0.110 NA -0.079 -0.246 

Observations 11,188 3,861 2,851 2,937 1,539 

  

8. Conclusions and policy implications 

In this paper we set out to determine the impact of extension-personnel-to-farmer-ratio, 

government expenditures on input subsidies and market access variables in empirically 

predicting adoption of CA, controlling for household demographic, plot and market 

characteristics. From both the base probit and subsequent simulation results, we find that the 

likelihood of CA adoption was greatly enhanced by increasing input subsidies and (or) by 

increasing the extension-staff-to-farmer-ratio. Distance to markets was also influential: the 

higher the distance to markets the less likely was CA adopted.  

Generally the results showed that both subsidy and extension had powerful effects on the 

probability of adoption depending on the base from which the effects were simulated.  When the 

extension-personnel-to-farmer-ratios are compared to public expenditures on subsidies, the effect 

of the subsidy variable appears to have had the stronger effect on CA adoption judging from the 

simulations involving reductions in subsidy and increasing extension where the results showed 

that in most cases the probability of adoption dropped even when extension were increased to 

mitigate reductions in subsidy. Similarly when subsidy (SER) was reduced and extension (EFR) 

increased, probability of adoption fell nevertheless. The impact of credit availability compared to 

subsidy expenditures showed that when subsidy was reduced, a universal availability of credit 

did not prevent the probability of adoption reducing and when the simulation involved no credit 
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but with high levels of subsidy, the probability of adoption still increased, an intuitive result 

because subsidy can alleviate liquidity constraints. Where fertilizer-price ratio was raised above 

base levels, the effect was to lower probability of adoption even when extension was increased. 

The strong effect of extension was clear in simulations where the extension variable was 

compared to credit availability. By increasing extension, the probability of adoption increased 

even in the complete absence of credit. The relative balance of investing extension and other 

public goods compared to subsidies have been made by Lohr and Salomonsson (2000) and 

Genius, Pantzios and Tzouvelekas (2006) because information availability is more effective in 

positively influencing adoption because it enables farmers to allocate resources effectively and to 

update their knowledge and perceptions about the profitability of new technologies.  

The implications of these results are threefold. First, the power of input subsidies in 

predicting CA adoption suggests that lowering costs of inputs is central in encouraging CA 

adoption. Since subsidies are essentially ways to reduce prices of inputs, diverse options for 

structurally lowering input-output price ratios should be put on the policy table. These diverse 

options should naturally include efficient markets and supply chains to lower the costs of inputs 

for CA implementation. From a political economy point of view, providing input subsidies may 

be a tempting option to circumvent structural difficulties currently inherent in many rural 

agricultural markets. The merits of using this approach must however be carefully examined. 

Second, investing in agricultural extension systems and increasing the number of personnel 

(increasing the extension personnel to farmer ratio) and expanding the reach of publicly funded 

extension systems among other complimentary providers is a crucial element in the success of 

CA as was confirmed by the large positive and significant impacts of high extension to farmer 

ratios on probability of CA adoption in the probit model and in the simulations. Third, although 

CA consists of a set of practices that are resource conserving with demonstrable cost advantages 

and sustainable intensification dividends, the same factors known to facilitate or impede 

agricultural technologies generally will remain relevant for CA as well.  Similar to other 

agricultural technologies and innovations, policy attention in support of CA should remain 

focused on better access to markets, solid information delivery through strong agricultural 

extension and creating policy and physical infrastructure to produce favorable input and output 

price ratios. The key policy principles in promoting CA appear to be a focus on long term 

strategies to reduce the costs of inputs and invest in agricultural extension. 
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