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Abstract: The impact of legume production on smallholder farmers' socio-economic welfare in Malawi is a
crucial question, given the country's aspirations for rural development and economic growth. This study
investigates the effect of legume production on household welfare, using two waves of nationally
representative data from the Integrated Household Survey and integrating geospatial techniques. A random
effects model was employed to estimate the determinants of legume adoption, and the impact of legume
cultivation on household welfare was assessed using income and asset holding as indicators. The results show
that legume adoption significantly increases household income per capita and household asset holding by 71%.
Disaggregated results reveal that adoption benefits all households, but particularly those with larger
landholdings. The study concludes that accelerating legume adoption is a promising strategy for rural
development in Malawi, aligning with the country's goals of achieving inclusive wealth and self-reliance in the
coming decades.
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1. Introduction

Legume production has gained significant attention in recent years due to its potential to
promote economic, social, and ecological development among smallholder farmers in Sub-Saharan
Africa (SSA) [1,2]. Legumes such as common beans, soya beans, and groundnuts have proven to be
of higher economic, nutritional, and ecological value compared to traditional cash crops like maize
[3]. With the global legume production doubling over the past decade, SSA accounts for 6% of the
global legume production, with Nigeria, Zimbabwe, and South Africa being the top producers [4,5].
Malawi, despite its potential, accounts for less than 1% of global legume production, with low
productivity being a significant factor [6].

The Government of Malawi has identified legumes as strategic crops to diversify the cropping
system, which is dominated by tobacco and maize [7]. However, despite the potential benefits of
legume production, it remains a neglected crop in Malawi, with limited attention from government
programs and NGOs [8]. This study aims to assess the socioeconomic welfare impacts of legume
adoption among smallholder farmers in Malawi using panel data analysis of Integrated Household
Surveys (IHS) four and five.

2. Literature Review

Legume adoption has been advocated as a sustainable intensification strategy for agricultural
systems, but its adoption rate remains low [7]. This is despite the tireless efforts put in place by the
advocates to stimulate its adoption (White and Crawford, 2016). Over the previous decade, the world
has experienced a double increase in demand for legume, calling for an increase in the number of
farmers allocating their land to legume production [8]. However, studies, including Kebede (2020),
state that, irrespective of the global collaborative efforts by international organizations to stimulate
production, adoption has stagnated and is below the expected level.

Waldman et al. (2015) note that, despite their potential role in improving nutrition, soil health,
and food security, the farmers’ understanding of the crop’s cultural role in the household and market
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availability affected the adoption amongst the small-scale farmers in Malawi [9]. The finding suggests
that, despite the agronomic factors, there is a need to further understand the soci-economic factors
affecting the adoption [10]. This is in line with Kabebe’s (2020) findings, which recommend that, for
Malawi to realize noticeable fruits in the adoption rate, there is a need for a wide array of technical,
economig, social, and institutional factors to be considered [11].

Scholars have argued that, despite the accumulation of evidences in the volume of literature
supporting legume production to accelerate an increase in small-scale farmers’ income, food security,
and risk preparedness, the welfare economists have always argued that the agricultural policies
favoring legume production are not the end in themselves, as they need to be coupled with technical,
economical, and institutional factors [12]. For example, Tirivanhu and Ekepu (2016) study, which
employed logistics regression, noted that strengthening legume value chains, improving access to
extension services and well-structured markets, and adoption of population controlling policies can
significantly increase legume adoption [13].

Kabede (2020)’s findings further found that weak policy attention, poor networking in accessing
inputs and market, and poor market information and intelligence are the key constraints hindering
the progress of legume adoption [14]. This indicates that there is a need for more to be done in
improving the institutional, households’ socio-economic factors to increase the adoption rate of
legumes in Malawi.

Welfare Impacts of Legqume Adoption

The quest for increasing income and food security among rural populations, which heavily rely
on small-scale farming, has gained wider popularity and remains the center for policy discussions
[15]. For ages, the pro-poor approaches identified and implemented by nations towards “ending all
forms of poverty elsewhere”; a number one agenda of the sustainable development goals (SDG), have
their pathways towards improving the welfare of the small-scale farmers [16]. In a similar manner,
here in Malawi, the approaches taken in a vision to develop into “an inclusively wealthy and self-
reliant nation” has taken various dimensions with a key focus on improving the welfare of the rural
population, where a multitude lean on small-scale cultivation [17].

The huge body of literature documents that, despite the enactment of various social welfare
policies, which include Malawi Growth and Development Strategy II (MGDSII), National Social
Support Policy (NSSP), and National Gender Policy (NGP), Malawi is lagging behind, as it still
registers higher as 73.5% poverty levels (World Bank, 2022) [18]. Additionally, the reports show that
the income inequalities of the ultra-poor population have worsened from 25% in 2012 to 27% in 2020
(Malawi Demographic and Health Survey-MDHS-2020) [19].

2. Materials and Methods

This study utilized two waves of nationally representative panel data from the Integrated
Household Surveys (IHS) 4 and 5, collected by the Government of Malawi (GoM) through the
National Statistical Office (NSO). IHS 4 was conducted from March 2015 to March 2016, covering the
2016/2017 agricultural marketing seasons, while IHS-5 was conducted between April 2018 to April
2019, covering the 2019/2020 agricultural marketing season. The datasets consisted of 1688
households in IHS 4 and 1534 households in IHS 5. After balancing the panel, 703 households were
retained for each panel, and 1046 households were retained for the combined panels, resulting in an
attrition rate of 45%. The data included farming households' demographics, institutional, and
ecological characteristics.

3.2. Empirical Models

The objective of this study was to analyse the impact of legume adoption on household welfare.
We therefore start by specifying and estimate the model for determinants of legume adoption. To
account for the intensity of adoption, the area under the legume production will be used as the
dependent variable of determinants of the legume production.
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Among the smallholder farmers, the production decisions for a chosen crop are thought to be a
dependent variable determined by quite a number of factors (Gobena, 2012). Production decisions
are generally done to maximize the expected returns which in turn is the function of the land
allocation and the technology function which again is the function of the input and output prices
(Verkaart et.al.,2017). The literature documents quite a number of factors that affects the adoption of
the legume production among smallholder famers. Among the often-cited factors are the household
landholding size, risk, human capital, labour availability, credit access, land tenure and access to
input, output markets and the extension services (Feder, 1985; Tanti et.al., 2022). Additionally, the
adoption decisions are also influenced by the agro-ecological and agronomic circumstances
surrounding the small-scale farmers which may include: soil quality and type, rainfall patterns as
well as the farming systems (Cavatassie et.al. 2010). Household’s endowments of natural, human,
financial, physical and social capital constitute the resource constraints based on which wellbeing is
maximized. Therefore, in addition to factors of production, our model of adoption includes
household demographic characteristics such as household size and characteristics of the household
head. We then estimated the determinants of legume adoption using random effects model and we
specified the adoption model as follows:

Kit = a+ p1Xit + f2Tit + Zi + Dt + €it (1)

where « is the constant
Where Kit is the area planted legumes by household i in year t
Xit is the vector of household demographic characteristics
Tit 1is a vector of institutional and ecological factors and
Zi is the vector of time-invariant agronomic and individual characteristics both of which
influence the preference of legume adoption to other crops.

€it is a compound error term consisting of unobserved time-invariant.
The study’s interest is to understand the welfare impacts of adopting the legume production.
Therefore, to do this, we estimated the welfare impacts using the fixed effects model thereby
extending our analysis by specifying equation (2) in our econometric model:

lit = ai + B1Kit + B2Tit + Dt + it @)

Ii is the depended variable from the selected welfare indicators namely pericapta income,
consumption and household asset holding. Ki is the area under legume production. All other
variables are as described above.

To analyses the periodic impact of legume adoption over the years, we used the random effects
model under the specification of the following model:

Ait = ai + B1Kit + B2Tit + Dt + Zi+ eit ~ (3)

Whereby Ait, ai, f1Kit, [2Tit, Zi, it are as described above and Dt is the dummy for the year

2016. “0” is for the year 2019 and “1” for 2016.
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3. Results

The study used balanced panel data with sample size of 1406 households from all three regions
of Malawi. Respectively covers 1688 and 1534 in 2015/2016 and 2018/2019 with 260, 1,153, 275
,334,1152 and 48 households for the three regions of the two waves respectively (Table 1).

The study used balanced panel data with sample size of 1406 households from all three regions
of Malawi. Respectively covers 1688 and 1534 in 2015/2016 and 2018/2019 with 260, 1,153, 275
,334,1152 and 48 households for the three regions of the two waves respectively (Table 1).

Table 1. Pproportion of sampling in the Regions.

Region 2015/2016 2018/2019 balanced panel
North 260 334 300
Central 1,153 1152 1032
South 275 48 74
Total 1688 1534 1406
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Figure 2.

4.1.2. Area under Legume Production

The average smallholder farmer landholding size was 1.91 acres in 2016 which reduced to 1.83
in 2019(Table 2). Out of the total landholding, allocation to non-leguminous crops was 50% much
higher than the land allocation to the legumes (Figure 2). This is because, besides the rapid increase
in population over time which is reducing Perica pita landholding, small holder farmers in Malawi
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are characterised by the small landholding size out of which large share is used for subsistence
farming (NSO,2018). However, Figure 1, indicates that over the years there has been an increase in
the area allocation to the legume production. This is accompanied by the decrease in the area
allocation to the non-leguminous crops. This is because in the context of Malawi, cereals and legumes
are complementary crops suggesting an inverse relationship between the land allocation to the
legumes and the other crops. Statistically, there is significant difference in the landholding size
between the legume adopters and the non-adopters in 2016 legume adopters had an average
landholding  of 2.23 acres compared to the 1.77 acres by the non-adopters. Despite the decrease in
the smallholder farmers landholding size in the years of study, in 2019 the legume adopters had 0.51
acres land higher than the non-adopters (Table 2).

Trend of Area under legume and non-legume

non-egume legume

30

20
cu
N
‘@
°
c
<

104

0_

T T T T T T T T
2016 2017 2018 20192016 2017 2018 2019

years

Figure 2. Trend of area allocation to legume and non-legume.
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Figure 3. Area allocation to legumes and non-legumes.

4.1.3. Legume Adoption

The study firstly, focusses on identifying the determinants of legume adoption using double
hurdle model which takes into account the intensity of adoption through considering land allocated
to legume production. We therefore, considered land under legume an appropriate proxy for
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adoption. Although on average the landholding size among legume adopters is 0.49 acres higher than
the landholding size among non-adopters (Table 3), there has been decrease in the land allocation to
legume signifying lowering in the adoption rate. This again is explained by an ever increase in
demand for the staple food to meet the food requirements for the growing population hence
smallholder farmers have been shifting land from legumes to the other crops particularly maize
(Brand,2011). The central and northern regions have both 39% rate of adoption while Southern region
ranked behind with 19% (Figure 4). The results shows that over the years, Central region experienced
an increase in the adoption rate. The results are different from the North as well as the Southern
region which shows that during the period under analysis, the adoption rate decreased.

Trend of landsize under legume by region
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Figure 4. Trend of Legume adoption by rgion.
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Figure 5. Percentage of adoption by region.
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Table 2. Descriptive statistics for variables used in the econometric analysis.
2015/2016 2018/2019 overall
Mean S.d Mean S.d Mean S.d.
Balanced panel
off farm acti- income 216020 1402127 269014 1898677 268254 1872385
household landholding 1.91 1.80 1.83 1.52 1.85 1.64
household head education  1.44 1.05 212 2.50 1.77 1.96
agricultural market distance 20.97 15.29 26.89 16.45 24.15 16.25
distance to admarc 7.35 5.56 7.57 5.45 7.26 5.28
age (years) 42.43 15.49 41.59 15.58 45.76 14.60
household size(no.) 4.95 2.32 4.66 2.31 5.25 2.38
land tenure 8.32 4.60 1.36 0.79 4.87 4.67
rainfall 870.54  85.65 869.88 98.03 87294  95.88
soil type 2.14 0.79 2.09 0.75 2.15 0.77
sex 1.23 0.42 1.24 0.43 1.21 0.41
credit access 1.74 0.44 1.74 0.44 1.73 0.44
climate 314.02 3.74 315.60 4.80 315.04 4.50
assets 60.04 3.74 60.57 341 59.93 3.85
expenditure 23528 72670 24951 75947 24497 73222
Observations 703 703 1406

4.2. Socio Demographic and Socioeconomic Characteristics

Table 3 indicates that there are systematic differences between adopting and non-adopting
households. For example, in 2019, adopters’ transformed household size is found to be
significantly higher than the non-adopting households. The results on the distance to the nearest
agricultural market indicate that there is significant difference between the adopters and the
adopters. The annual rainfall for the location of the adopters is found to be significantly higher than
the rainfall amount in the locations of the non-adopters.

Similarly, the distance to the ADMARC was found to be statistically different between the
adopters and the non-adopters. The results also show that there are significant variations in the
welfare of the adopters and the non-adopters as the adopters are experiencing higher consumption,
expenditure, asset holding and possess large landholding sizes.

The study was interested in analysing the welfare impacts of legume adoption through the
welfare indicators such as asset holding, consumption and income and the household expenditure.
Table 2 indicates that although inconsistently observed, the welfare indicators under study which
includes the household expenditure, consumption, asset holding significantly vary between the two
groups. For instance, in 2016, the adopters were spending MWKS8.89, higher than the non-adopters.
Additionally, in 2019 the calorie intake per capita for the adopters was 1.63 calorie higher than the
calorie intake for the non-adopters. In 2016, the adopters were having larger number of assets
compared to non-adopters. The results are hereby indicating that although inconsistently which may
be due to other Political, Economic, Social, Technological factors, the adopting households were
significantly experiencing the better welfare than the non-adopters.

Table 3. Socio-economic characteristics of adopters and non-adopters.

2015/2016 t-test 2018/2019
t-test
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adopters  no-adopter adopters  no-adopter
Demographics
Education years(head) 1.43 1.44 2.07 2.15
Land tenure 8.22 8.37 1.56 1.54
household size? 30.30 29.75 28.42 26.18 *
distance to market 2222 20.42 * 27.66 26.37 *
Soil type 2.14 2.14 2.9 2.9
Gender (head) 1.21 1.23 1.24 1.23
credit access(yes=1) 1.74 1.73 1.75 1.74
rainfall 871.77 870.00 868.83 870.60 *
Climate 313.89 314.07 315.67 315.54
Distance to admarc 7.4 7.33 8.04 7.26 **

Welfare

Inexpenditure 8.89 8.76 * 8.82 8.84
Consumption 1.53 1.51 1.63 1.60
*
Landholdidng 2.23 1.77 ok 2.13 1.62 ot
assets 60.23 59.96 * 60.53 60.62

Fig.5 indicates that during 2016 to 2017, the household of the adopters were experiencing
increase in household expenditure which the literature suggests it is correlated with the household
income Frank et.al (2014). However, since 2017 to 2019, the expenditure has been decreasing which
may be attributed to other PESTEL factors which includes the legume price fluctuations, risks and
the shocks. For example, Figure 5 indicates a sharp decline in the household expenditure in 2019
which literature suggests is due to the poor market existence which highly affected the prices and the
incomes of the legume adopters Dzanja et.al (2019) highly reduced the incomes of the small-scale
legume adopters due to price fluctuations in low-income countries such as Malawi. Figure 6 presents
complementing argument as it is suggesting that over the years under analysis, the adopters’
households experienced a dramatic increase in the per capita consumption. This is because besides
carbohydrates, legumes are the important source of calories in the developing countries hence
inexistence of satisfactory market coupled with the dual economic nature of the small scale farmers,
increased the household per capita calorie intake.
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Trend of household expenditure
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Figure 6. Trend of household expenditure by adoption .

Trend of household Consumption by adoption
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Figure 7. Trend of household Consumption by adoption
4.3. Econometric Results

4.3.1. Estimation of Legume Adoption

To identify the determinants of legume production we run random effects model specified in
(eq.1). The disaggregated results for the adopters are as displayed in Table 6.

Table 4. legume adoption decision using double hurdle random effect.
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Variables Coefficient Standard Error P-values
Constant 2.777*** 0.630 0.000
Soil Type 0.099* 0.045 0.027
Gender (Male=1) -0.080 0.087 0.357
household size -0.031 0.066 0.638
Annual - temperature(°C) -0.007*** 0.018 0.000
Rainfall(mm) 0.001** 0.0004 0.004
off-farm activity income 0.0003 0.0003 0.289
access to extension 0.149* 0.083 0.073
implement ownership -0.080 0.156 0.605
landholding size(acres) 0.112** 0.044 0.012
land ownership (0=yes) -0.076*** 0.007 0.000
School attendance(1=yes) -0.054 0.091 0.553
Age(head) 0.0004 0.003 0.898
Off farm activity dummy -0.244* 0.132 0.065
Number of observations 496
R-squared 0.463*** 0.776 0.000

**% %% % mean significance at 1%, 5%, and 10% level, respectively

Overall, the model is statistically significant at 1% with 48% variations in the area under legume
production explained by the explanatory variables. The test for the heteroscedasticity revealed the
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presence of the homoscedasticity. We transformed the variables using the natural log as a remedy to
the violation of the assumption of the heteroskedasticity.

4.3.2. Ecological Factors Affecting Legume Adoption

4.3.2.1. Soil Type

The soil type is one of the ecological factors affecting the legume production. The results indicate
that the soil type significantly affects the size of land allocated to a legume production.
Disaggregating the results by the soil type indicated that there was 0.5 acres decrease in the legume
adoption rate among the farmers whose their land soil is katondo, clay and sandy. The results are
significant at 10%. This is in line with the Diatta et.al. (2019) findings which found that the legumes
such as soyabeans and the groundnuts do better in the soils with the intermediate soil types such as
loam clay or sandy loamy as compared to other soil types.

4.3.2.2. Mean Annual Temperature

Besides the soil type, the literature suggests that temperature is among the key ecological factors
affecting the legume adoption in the SSA (Maggio et.al.,2021). The results indicates that significant at
1%, a degree’s Celsius increase in the temperature above the seal level significantly decreases
adoption of the legume by 0.01 acre of land. This is because an increase in temperature reduces leaf
area of legume plants which consequently affects the overall production hence farmers in the high
temperature areas prefer growing other crops than legume.

4.3.2.3. Mean Annual Rainfall

One of the characteristics of the small-scale farming enterprise in Malawi is that the production
decision is subject to the unimodal rainfall due to lower rate of irrigation technology adoption. It thus
comes that the farmers decision to grow a particular crop is influenced by the rainfall amount their
location receives. The results in Table 6. Indicate that a Imm increase in the rainfall amount in the
location of the households, increases the land allocation to the legume by 0.001 acre. The results are
significant at 5% with a p-value of 0.003.

4.3.3. Institutional Factors affecting Legume Adoption

4.3.3.1. Access to Extension Services

The institutions factors such as access to extension service describe the context within which the
farming takes place. Literature suggests that the access to extension services is one of the
determinants of the legume adoption as it facilitates dissemination of information to farmers about
the existence of the improved varieties that yield higher output.  The results indicate that the access
to extension services on the improved legume varieties increases the land area allocation to legume
production by 0.15 acres as compared to those farmers who do not have an access to the extension
services (Table 6).

4.3.4. Household’s Socioeconomic Factors Affecting Legume Adoption

4.3.4.1. Household Landholding Size

Land is the primary factor of production and stands out as major constraint to the level of
farming practiced by the small-scale farmers in Malawi. literature suggest that the average
landholding for the small-scale farmers in Malawi is 1.25 acres (0.5 ha) (NSO,2018) hence is one of the
barriers to the legume adoption. The results in Table 6 reveals that significant at 5%, the increase in
per capita household landholding size is accompanied by 0.12 acres increase in land allocation to the
legume production.
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4.3.4.2. Land Ownership

The ownership of land was found to have highest significant impact on the farmers decision to
adopt legume production. For example, at 1% significant level, the ownership of land increases the
household decision to allocate 0.08 acres land to legume production. This indicates that the land
tenure plays a significant role in farmers decision making on their adoption of legume.

4.3.4.3. Off-Farm Activity Involvement

It is widely recognized that the capital is one other constraint that hinders progress among
small holder farmers (Mapiye et.al.,2002). This is because the level of capital is the proxy for the access
to the input such as improved legume seeds that are believed to have significant impact on the
household welfare. The disaggregated results of household’s engagement in the other income
generating activities indicates that the engagement in other livelihood activities increases the land
allocation to the legume production by 0.24 acres. The results are significant at 10% and this
indicates that the involvement in the other income generating activities increases the adoption of the
legumes among small scale farmers in Malawi.

4.3.5. Legume Adoption impact on Household Asset Holding

The last two objectives of the study were to determine the welfare impact of the legume
production among the legume adopters. The fixed effects was used to analyse the impact of the
legume adoption on the household asset holding. Under the specification of the following model;

Ait = ai + B1Kit + B2Tit + Dt + «it 4)

Where Ai is the total household asset holding which is the indicator for the welfare generated
through linear combination process,

Ki: is the area under legume production for household i at time t and all other variables are as
specified in the methodology chapter.

We used the specified model above to fit the fixed effects model with the results presented in
Table 7

Table 5. Adoption impact on household asset holding: Fixed Effects Estimation.

Variable Parameter Coefficient Robust Std. p -value
Err.

Constant Bo 53.33%** 3.439 0.000
Gender (Male=1) P1 1.038*** 0.337 0.001
Inhousehold size B2 -0.147%* 0.066 0.027
Credit access(1=No) B3 -0.321 0.346 0.353
education level B -0.341%%* 0.346 0.000
Age(head) Bs -0.019* 0.010 0.051
Off farm activity dummy B7 2.132%** 0.533 0.000
Distance to the Road Bs 0.019 0.017 0.257
Religion Bo 2.988*** 0.522 0.000
Land size under legume P10 0.341* 0.196 0.082
Number of observations 1405

R-squared P 0.160*** 3.604 0.000

wE HE % mean significance at 1%, 5%, and 10% level, respectively.
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The results above indicate that there is significant difference in the household’s asset holding
between the non-adopters and adopters. The results are significant at 10% and reveal that a 1 acre
increase in the land area allocated to the legume production, increase the house asset holding by 34%.
This implies that the adopters were wealthier and have the better welfare than the non-adopters. This
is because as proposed by Sen’s theory of entitlement approach in line with the DFID’s sustainable
livelihood approach, assets are very important determinant of household welfare as they affect long-
term household’s vulnerability to food insecurity and resistance to the external shocks. This is among
the small-scale farmers, forms an important source of livelihood. Assets are also used as a coping
mechanism in responding to external shocks. Disaggregating the results by landholding size shows
that households’ largest landholdings experienced a 5.32 increase in the asset holding than the
households with medium and the small landholdings.

4.3.5. Legume Adoption Impact on Household income

To Estimate the impact of legume adoption on the household income, we fitted the random effect
model using the following model specification:

Yit = ai + B1Kit + B2Tit + Dt + it 5)

Whereby Yit is the household income measured in Malawian Kwacha with all other
variables as described above. The results are presented in Table 8.

Table 6. Adoption impact on household income status: random effects estimation.

Variable Parameter Coefficient Robust Std. p -value
Err.

Constant Bo 1.731%** 0.285 0.000
Inhousehold size p1 0.021 0.013 0.107
Gender (Male=1) B2 0.235** 0.078 0.003
Age(head) B3 -0.001 0.002 0.528
education level B -0.086*** 0.016 0.000
Off farm activity dummy Bs 0.504*** 0.111 0.000
Religion PBs 0.010 0.064 0.120
Land size under legume B7 0.032* 0.020 0.096
Number of observations 1405

R-squared Pia 0.052*** 3.604 0.000

k% mean significance at 1%, 5%, and 10% level, respectively.

Table 8 reveals the significant difference in peri capita income existing between the adopters and
the non-adopters. The results show that the 1 acre increase in the area allocation to the legumes
production by the small-scale farmers in Malawi, had the 3.3% increase in the income per capita
among the adopting households. The results are consistent with the findings of Tegegne et. al. (2017)
and Rahman et. al. (2020) which found that an increase in the area allocation to the legumes in Malawi
is accompanied by significant increase in the household income.

4.3.6. Periodic Adoption Impact on Household Asset Holding

To assess the welfare changes over the years, the study used random effect model
under specification of the following econometric model:

Ait = ai + B1Xit + Dit + &it ©6)
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Where Ai is the household asset holding for household i at time ¢, Xi is the vector of household

demographic characteristics and DIt is the dummy for a year 2016 with “1” for the year 2016 and
“0” for 2019. The results are presented in the Table 9.

Table 9. Periodic Analysis; Adoption impact on household Asset holding: random effects

estimation.
Variable Parameter Coefficient Robust Std. p -value
Err.

Constant Bo 54.71%** 1.329 0.000
Gender p1 1.240%** 0.326 0.000
Credit access B2 0.630** 0.346 0.070
Education level B3 -0.516*** 0.127 0.000
Off farm activity dummy B -1.726%* 0.596 0.004
Region Bs 1.769%** 0.346 0.000
Year16(2016=1) PBs -0.715** 0.319 0.025
Number of observations 507

R-squared 0.189*** 3.492 0.000

R % mean significance at 1%, 5%, and 10% level, respectively.

The results show that as compared to 2016, there was a significant increase in household asset
holding in 2019. The one acre increases in the land allocation to the legume production in 2016 had
a 71% decrease in the asset holding as compared to the 2019. This is because literature suggests years
prior to 2019(2017 and 2018) legumes experienced significant increase in the price elasticisticity
(3.88%) which increased the small-scale farmers income and consequently increased the asset holding
(Dzanja et. al.,2019).

4. Discussion

The study's findings reveal significant variations in legume adoption and its impact on
household welfare among smallholder farmers in Malawi. The panel data spanning from 2015/2016
to 2018/2019 indicates a dynamic agricultural landscape influenced by socio-economic, institutional,
and ecological factors. Notably, the land allocated to legume production has been shifting, with
legume adopters consistently demonstrating larger landholdings and better welfare outcomes
compared to non-adopters. This trend underscores the critical role of legumes in enhancing
household welfare through increased income and asset accumulation, despite the challenges posed
by limited land availability and market fluctuations.

In examining the determinants of legume adoption, the study identifies key factors such as soil
type, temperature, rainfall, access to extension services, and land ownership. Soil type significantly
impacts legume production, with intermediate soil types like loam clay being more conducive to
higher yields. Temperature variations also play a crucial role, as higher temperatures negatively
affect legume adoption by reducing leaf area and overall plant productivity. Rainfall, a vital factor in
Malawi's predominantly rain-fed agriculture, positively influences legume production, highlighting
the dependence of smallholder farmers on adequate rainfall for successful cultivation.

Institutional factors, particularly access to extension services, emerge as significant determinants
of legume adoption. Extension services facilitate the dissemination of information on improved
legume varieties, thereby increasing the land area allocated to legumes. This finding aligns with
existing literature emphasizing the importance of agricultural extension in enhancing crop
productivity and adoption rates. Furthermore, household socio-economic factors, such as
landholding size and land ownership, are pivotal in determining legume adoption. Larger
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landholdings enable farmers to allocate more land to legumes, while secure land tenure provides the
confidence to invest in legume production.

The study also delves into the welfare impacts of legume adoption, focusing on household asset
holding and income. The results indicate that legume adopters experience better welfare outcomes,
as evidenced by higher asset holdings and income levels. This is particularly significant given the
context of smallholder farming in Malawi, where assets serve as a crucial buffer against external
shocks and food insecurity. The fixed effects estimation shows that a one-acre increase in land
allocated to legumes can significantly enhance household asset holding, underscoring the economic
benefits of legume cultivation.

Moreover, the study highlights the temporal changes in household welfare associated with
legume adoption. Between 2016 and 2019, legume adopters experienced a marked increase in
household asset holding, driven by higher legume prices and improved market conditions. This
period saw a significant rise in the price elasticity of legumes, which translated into increased income
for smallholder farmers and consequently better welfare outcomes. The findings suggest that
fostering a stable and supportive market environment is crucial for sustaining the welfare benefits of
legume adoption.

5. Conclusions

The study provides a comprehensive analysis of the factors influencing legume adoption and its
impact on household welfare in Malawi. The findings underscore the importance of addressing both
ecological and institutional constraints to enhance legume production. Additionally, promoting
secure land tenure, expanding access to extension services, and improving market conditions can
significantly boost legume adoption and contribute to the overall welfare of smallholder farmers. The
insights gained from this study can inform policy interventions aimed at enhancing agricultural
productivity and livelihoods in Malawi and similar contexts.
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