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Abstract

The study analysed the technical efficiency of small-scale pigeon pea farms in Malawi.
2010/2012 National wide data of 2,137 pigeon pea farmers were analyzed using Maximum
Likelihood estimation of a Stochastic frontier. The determinants of technical efficiency were
incorporated within single-stage estimation of the frontier. Results revealed that the average
output of pigeon pea farms in Malawi could increase by 47% under prevailing technology. The
technical efficiency of the sampled pigeon pea farms ranged from 0.22 to 0.84 (0.53 average).
Most importantly, the empirical results demonstrate that better extension services and farmer
training programs on crop marketing and providing access to credit are key to enhance technical
efficiency.
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I. Introduction

A number of dryland legumes adapted to adverse climatic conditions have been developed and
released for use by smallholder farmers in the Semi-Arid Tropics as responses to addressing the
increasingly harsh climatic conditions (Midega et al., 2015). Such legumes including pigeon pea
offer a great opportunity for reversing these trends in productivity, poverty and food insecurity.
Pigeon pea is an important legume crop in the production systems of several countries in eastern
and southern Africa, primarily in Malawi, Tanzania, Uganda, Kenya and Mozambique (Mligo
and Craufurd, 2005; Shiferaw et al., 2007). The crop is drought tolerant and grown in most
Semi-Arid and drought prone areas in the region. It has a wide range of products, including the
dried seed, pods and immature seeds used as green vegetable, leaves and stems used for fodder
and the dry stems used as fuel. It also improves soil fertility through nitrogen fixation as well as
from the leaf fall and recycling of the nutrients (Mapfumes, 1993; Snapp et al., 2002;
Rusinamhodzi, 2012). It is an important pulse crop that performs well in poor soils and regions

where moisture availability is unreliable or inadequate (Bezner-Kerr et al., 2007; Ngwira et al.,
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2012). It is also nutritious and cheap source of nitrogen fixing legume that has the potential to
enrich soil fertility and is suitable for cash-constrained farmers who cannot afford fertilizer.

Pigeon pea yields grew modestly at an annual growth rate of 1% between 1961 and 2014,
although improved varieties were released as early as 1987. The average grain yield of pigeon
pea for the period 2001-2006 was about 700 kg/ha (Waldman et al., 2017). This yield is about
half of the potential yield on research station of about 1.3 t/ha. The observed yield gap suggests
that there is scope for increasing pigeon pea productivity (Nyung’e et al, 2016). The increase in
production between 2005 to 2010 made Malawi the top pigeon pea producer in Africa (Nyung’e
et al, 2016). The increase in production is possible only through improvement in productivity,
which can be increased through on or a combination of factors, namely, technology (i.e.
improved varieties), the quantities and types of inputs used and the efficiency with which the
resources are used. Of the various determinants, improvement in the technical efficiency of
inputs already at the disposal of the farmer is of greater concern (Goyal et al., 2006) and widely
recognized by researchers and policy makers alike (Arsalanbod, 2005). An underlying axiom
behind efficiency estimation is that, if farmers are not making efficient use of the existing
technology, their efforts designed to improve technical efficiency would be more cost effective
than introducing new technologies as a means of increasing output (Bravo-ureta and Evenson,
1994).

Limited authentic empirical studies have measured farm level technical efficiency in Malawi by
using the parametric frontier function (Berre et al., 2017; Chirwa, 2002). However, a survey of
the aforementioned literature has revealed that their methodologies did not provide space to test
consistency of the production function with what theory says vis-a-vis monotonicity and quasi-
concavity. Such treatment of production functions results in inefficiency estimates that cannot be
reasonably interpreted especially when dealing with research of policy relevance. In addition,
none of these studies have addressed the issue of technical efficiency in pigeon pea production

per se.

In designing appropriate policy measures to enable Malawi pigeon pea farms to increase

productivity through improved efficiency, it may be useful to measure farm level technical



efficiency and its determinants. Therefore, the objectives of this study were (i) to calculate farm
level technical efficiency on pigeon pea farms in Malawi (ii) to identify important factors
causing efficiency differentials among those farms, and (iii) to infer policy implications based on

technical efficiency scores and their determinants.

Il. Research Methodology

A. Data Descriptions

This study used nationally representative production data collected by the National Statistical
Office through the Third Integrated Household Survey for 2010/11 (NSO, 2012). This survey
sampled 12,271 households, of which about 85 percent of households were engaged in
agricultural activities. Of these households, about 84 percent of households were engaged in crop
production. This agricultural section of the survey was collected by a team of well-trained
enumerators. For our analysis, we concentrated on the output and input levels of the pigeon pea

production.

Although the survey collected plot level data for each household, the analyses in this study
amalgamated pigeon pea plots for each household so as to shift our focus from plot level to
household level. The analysis of efficiency in this study is therefore done at the household level.
A household is defined as a person or group of persons related or unrelated who live together and
make common arrangements for food, or who pool their income for the purpose of purchasing
food (NSO, 2012). Three major inputs are used in production of pigeon pea; (i) land, (ii) labor
and (iii) seed. Land was measured in hectares and each plot area was verified by data collectors
using GPS. Labor was measured in person days devoted to agricultural activities per week based

on farmers’ recall. Seed was measured in kilograms.

Other variables apart from the pigeon pea output and input levels were the household
socioeconomic factors such as household size, the age, sex, marital status and educational level
of the household head. Other control variables were the policy and institutional issues such as
access to agricultural credit and extension services. We included resource endowment variables
including farm size and ownership of treadle pump, radio, bicycle, oxcart and sprayer. We also

included spatial variables such as warming, precipitation, distance to nearest ADMARC



(Agricultural Development and Marketing Corporation), market and road and also potential
wetness index. The descriptive statistics for all the outputs and inputs are summarized in Table 1.

Table 1: Summary of descriptive statistics of key variables used in the analyses

Variable Mean/Percent Std. Dev
Yield (kg) 249.98 36
Land (ha) 0.649 0.64
Labour (person-days) 50.2 56.9
Seed (kgs) 4.32 3.86
Household Size (persons) 4.6 2.05
Age of household head (years) 42.1 16.2
Sex of head (1=Male, 0=Female) 70% -
Education (none) (%) 79% -
Primary Education (%) 8.35% -
Secondary Education (%) 11% -
Tertially Education (%) 1.65% -
Married (%) 70% -
Separated/Divorced (%) 15% -
Widow (%) 15% -
Extension on Marketing/crop sales (1=yes,0=no) 6% -
Extension on Credit (1=yes,0=no) 5% -
Credit Access (1=yes,0=n0) 11% -
Sprayer (1=yes,0=no) 1.1% -
Treadle pump (1=yes,0=no) 1.8% -
Oxcart (1=yes,0=no) 0.2% -
Radio (1=yes,0=no) 49.1% -
Bicycle (1=yes,0=n0) 43.7% -
Pigeon pea Intercropped (1=yes, 0=no) 93% -
Use of organic inputs (1=yes, 0=no) 14% -
Use of inorganic inputs (1=yes, 0=no) 79% --
Distance to nearest Road (Km) 1.86 1.35




Distance to nearest ADMARC (Km) 7.58 5.01

Distance to nearest Boma/town (Km) 40.85 2.06
Annual Mean Temperature (Degree Celsius) 22.3 1.13
Annual Mean Precipitation (mm) 1217 261.1
Potential Wetness Index 13.34 2.39

B. Theoretical underpinnings of efficiency modeling

The technical efficiency literature was kick-started by Farrell’s (1957) study, which applied the
non-parametric frontier approach to measure technical efficiency. To allow for the fact that firms
may encounter various uncontrollable exogenous factors (random effects), such as performance
of various machines, weather conditions, uncertainty of input supplies, among others Aigner et
al. (1977) and Meeusen and van den Broeck (1977) developed a stochastic frontier production
function. The error term was composite, consisting of random noise and a one-sided residue

term.

A number of authors (e.g. Pitt and Lee, 1981; Kalirajan, 1981) have estimated stochastic
frontiers to predict firm-level efficiencies, and then regressed the predicted efficiencies upon
firm-specific variables such as managerial experience, ownership characteristics and production
conditions in an attempt to explain variations in output among firms in an industry. To overcome
inconsistencies in the assumptions regarding the independence of inefficiency effects in this two-
stage estimation procedure, Kumbha-kar et al. (1991) and Reifschneider and Stevenson (1991)
propose a single-stage stochastic frontier model in which the inefficiency effects (u;) are
expressed as an explicit function of a vector of firm-specific variables and a random error. This
approach is adopted in this study mostly also because of its strength in isolating the effects of
exogenous factors from the inefficiency scores. The stochastic frontier production function is

expressed as:

Q) Yi= f(Xi;B)exp(v, —u,) i=1,2,3,....n



Where, Y; is the output level for a given farm, X represents a vector of farm inputs entering the
pigeon pea production, g is a vector of unknown parameters to be estimated. The first error
component, v;, is the traditional statistical error. The error component, u;, is a one sided error
term (always greater than zero) which defines farmer specific technical efficiency. If it takes on a
value of zero it means that the farmer is fully efficient (potential yield is the same as realized
yield) and if it takes on other values it denotes inefficiency level with its magnitude given by the
magnitude of this error component. From this background we can construct that technical
efficiency is given by ratio of actual yield to potential yield:
Y.

(2) TE =—{—
f (Xi; B)exp(v;)

TE values € [0, 1], where unity indicates a technically fully efficient farm. Agricultural
production is affected by exogenous factors including weather while data analyst of agricultural
data faces measurement errors and missing variables. These drawbacks in empirical analysis of
technical efficiency can be taken care by use of stochastic frontier methods (Fried et al., 1993;
Coelli, 1995; Coelli et al., 1998; Kumbha-kar and Lovell, 2000).

The above background points out that within the immediate production environment, scale of
Pigeon pea production is affected by the level of inputs (land, labour and seed). From without the
production environment, scale of production among farmer could vary as a result of differences
in the household’s social economics, institutional, resource endowment, spatial and climate

factors (Figure 1)

Figure 1: Conceptual framework for technical efficiency in Pigeon pea production
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C. Empirical Model

Following Fousekis and Klonaris (2003), the empirical application of the frontier is specified in
the translog form which: (i) is locally flexible (offers a second-order differential approximation
of an arbitrary function); (ii) permits the performance of statistical tests on the structure of the
underlying production technology; and (iii) accommodates easily the inclusion of the one-sided

error to estimate TE for every observation. The translog frontier function may be written as

3 3 3
(3) Iny, =a+> B Inx, +%22ﬂkl Inx, INX, +V, —u,
k=1

k=1 1=1

And, k, | =input 1, ..., 3 (i.e. land, seed labor); v denotes the traditional error component and u
the non-negative inefficiency component. Error vi is assumed to be independently and identically
distributed, symmetric and independent of ui. Thus the error term & = vi — U; iS asymmetric, fSk
represents parameters of linear terms, S represents parameter of quadratic terms and of
interactions. The production function in (3) is assumed to be twice differentiable and symmetry

condition is therefore imposed according to S = fi... Homotheticity and homogeneity of degree

1 is constrained according to Y B, =1, > > B, =0. The function determining the technical



inefficiency effect is defined in its general form as a linear function of attributes specific to
farmers. This is estimated using single stage simultaneously with the Translog production. The
inefficient function is specified as:

4 IE= st jizlé‘iji

Where, Z is a vector of determinants of inefficiency including socioeconomic attributes (i.e.
household size, gender, age), education level (none, primary education, secondary education),
Marital status (i.e. married, separated, widowed), institutional factors (extension contact, credit
access), resource endowment (i.e. sprayer, treadle pump, oxcart, radio, bicycle, farm size),
spatial attributes (i.e. distance to nearest road, distance to ADMARC, distance to nearest town,
warming, precipitation) and cropping system. The maximum likelihood frontier estimation

procedure contained in STATA 14 was applied for the model estimations.

Consistency of the production frontier with microeconomic theory requires that production
function be monotonically increasing and quasiconcave in inputs. If a production frontier is not
monotonically increasing, the efficiency estimates of the individual firms cannot be reasonably
interpreted. Monotonicity means that the output quantity must be non-decreasing, if any input
quantity is increased; quasiconcavity guarantees that the marginal rates of technical substitution
are decreasing. In the case of our empirical translog production frontier, monotonicity will hold
if the following condition suffices:

dy ydiny ! |
° ax X VR - In(x. ov
( ) dXi X; d InXi X. & +JZ_;IB|J (X|) > |

1
A sufficient condition for the monotonicity is checked by second order test to verify if the

production frontier is decreasing in inputs implying the fulfillment of the following expression:

2 n n

(6) : glzlzx a; @ =1+ By Inx; | oy + D By Inx; [+ |<0Vi, j
dXi X =l =1

The necessary and sufficient condition for a specific curvature rests in the semi-definiteness of

the bordered Hessian matrix. The Hessian matrix is negative semi-definite at every

unconstrained local maximum. The conditions of quasi-concavity are related to the fact that this
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property implies a convex input requirement set (Chambers, 1988). Given our twice continuously
differentiable production function, quasi-concavity is checked using its bordered Hessian matrix:

0 MP, - MP,

(7) B— MPl f11 o fln
o oy,

MPn fnl fnZ fnn

Where, f; =0°f /(0x;0x,) s the second derivative of the production function with respect to the

i and j" input quantities. Since all input quantities are generally non-negative (xi > 0 V i), a

necessary condition for quasi-concavity is (Chiang, 1984; Takayama, 1994):
(8) |Bl|so, |Bz|20, |Bs|so,---, |Bn|*(—1)"20

If these theoretical underpinnings (equations ...... ) are jointly fulfilled the obtained efficiency
estimates are consistent with microeconomic theory and consequently can be relied upon to serve

as empirical evidence for possible policy measures.

I11. Results and Discussions

The most important feature of any econometric estimation is its characteristic to permit
researcher to test important hypothesis. The validity of the model estimates depends on the
coherence between the estimation procedure and theoretical assumptions. Curvature consistency
of the production function was verified firstly by Eigenvalues which were all found to be
negative. Secondly, the alternating signs for leading principle minors proved presence of
quasiconcavity in production function beginning with a negative first leading principle minor
(JH1| <0, |H2|>0, |H3|<0, |[H4|>0). Monotonicity in all inputs was satisfied for about 78% of all
observations. The theoretical consistency of the estimated production function implies that

associated efficiency scores are relevant for the inference of policy measures.

The first hypothesis test was conducted to choose a parsimonious model between Cobb-Douglas
and Translog model. If coefficients of the second order and interaction terms in the Translog

function are not different from zero, the model collapses to Cobb-Douglas function. We test the



null hypothesis: Ho: f,,= B,,= By = f1,= Bis = B2, =0, against the alternative that all coefficients

of the second order and interaction terms in the Translog function are different from zero. As can
be seen below Table 2, the LR chi-square value of is significant at 1 percent. Thus, we reject the
null hypothesis at 1% level of significance implying that the Translog functional form adequately
captures the crop production behavior of farmers in the study area (Kodde and Palm, 1986).

The second null hypothesis explores that the gamma is zero (H, : ¥ = 0), which specifies that the

technical inefficiency effects are not present in the model. The estimated value for the variance
parameter, v, in the stochastic production is significant (p<0.05), suggesting that inefficiency was
present in production and that the traditional “average” production function is not an adequate

representation of the data.

Table 1: Maximum likelihood estimates of the Translog Stochastic Production frontier

model
Variable Parameters Coefficient p-value
Constant a 5.286***

(0.406) 0.000
Ln(land) B 0.1508***

(0.044) 0.000
Ln(labour) B, 0.441***

(0.167) 0.008
Ln(Seed) B 0.408***

(0.163) 0.003
0.5Ln(land) x In(land) B -0.306***

(0.0762) 0.000
0.5Ln(labour) x In(labour) By, -0.105***

(0.0420) 0.009
0.5Ln(Seed)xIn(Seed) Bas -0.084

(0.0555) 0.129
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Variable Parameters Coefficient p-value

Ln(land) x In(labour) By 0.165***

(0.0481) 0.001
Ln(land) x In(Seed) Bis 0.140***

(0.0544) 0.010
Ln(Seed) x In(labour) Bos -0.056

(0.0379) 0.139
Variance Parameters
Sigma-squared o’ =0’ +o’ 0.1382***

(0.0448) 0.002
Gamma y=0' /aj 0.6157

(0.2483)** 0.013

Sigma-squared of u o’ 0.0851
Sigma-squared of v o’ 0.0530
Log-likelihood -31.315
Observations 2,137

Ho: B,,= B,,= Bss= P12 = P1a= P23 =0, X2 = 146, p-value = 0.000

Standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1

Thus, technical inefficiency effects have profound impact on pigeon pea yield (Wadud and
White, 2000). The estimate of y indicates that the portion of the one-sided error component in the
total variance is as high as 61.57 percent. Thus, 61.57 percent of variation in the data between
farms can be attributed to inefficiency and the remaining 38.43 percent is pure due to aspects
beyond the farmers’ control. The estimated parameter of sigma squared, o, is found to be
statistically significant at 1 percent level. This result provides evidence against conventional

production function that it may not adequately represent the data.

The above hypothesis tests clearly show that the translog stochastic production frontier is the

appropriate model for the given data set and the results are presented in Table 2 above. All the
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inputs turned out to be positive and significant at less than 1% probability level. Hence, all inputs
are very important in the production of pigeon pea production in Malawi.

The estimated and distribution of technical efficiency of pigeon pea production in Malawi are
presented in Table 3 below. Research results revealed that the average output of pigeon pea
farms in Malawi could increase by 47% under prevailing technology. The technical efficiency of
the sample pigeon pea farms ranged from 0.22 to 0.84 (0.53 average). This means that if the
average farmer in Malawi were to reach the technical efficiency level of its most efficient
counterpart, then the average farmer could experience an increase in production by 36.9% [i.e.
(1-(0.53/0.84))x100]. The same computation for the most technically inefficient farmer suggests
a gain in production efficiency of 73.9% [i.e. (1- (0.22/0.84)) x 100]. A further analysis showed
that those whose scores felled below 0.26 were not economically empowered i.e. endowed with
bicycle, radio for agriculture information and had poor access to credit compared to those whose

scores were between 41 — 70. However, their land size was relatively bigger.

Table 3: Distribution of Technical Efficiency for Pigeon pea Production
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So far, the analysis has focused on the results of the Translog stochastic production frontier of
the pigeon pea farms in Malawi. We now turn to the determinants of efficiency of those farms.

Variables were mainly categorized into four groups (Socioeconomics, Institutional, Resources
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endowment and Spatial Variables) were hypothesized to affect efficiency or inefficiency and are
presented in Table 4 below. Specific variables from every category were found to be significant
affecting efficiency of pigeon pea farms in Malawi suggesting that an all rounded intervention is
needed if efficiency in pigeon pea production is going to be boosted in Malawi. To explain
drivers of efficiency the determinants equation is used to explain the inefficiency part of the first
equation (production frontier), in which case negative parameters would reduce inefficiency (or
increase efficiency) and positive parameters would increase inefficiency (or reduce efficiency).

The coefficient of household size is estimated to be positive and statistically significant at less
than 1 percent probability level, suggesting that larger families are likely to be technically
inefficient. Perhaps, this might be due to the fact that labor allocation for small plot of land of
larger families might have caused disguised unemployment which increases the actual cost of
production. As expected, our results show that education has a positive effect on efficiency or it
is negatively related with inefficiency. Primary education and secondary education were positive
and significant at less than 10% and 1% probability level, respectively. This manifests the

importance of human capital in efficient production of farms.

One of the resource endowment variables that were hypothesized to affect efficiency of pigeon
pea was ownership of bicycle. Ownership of bicycle has a positive effect on efficiency of
production being significant at less than 5% probability level. This is due to the fact that, bicycle
is used as a tool for transporting inputs and outputs from and to market in the Malawi context.
The other resource endowment variable which turned out to be significant was farm size. The
variable had a negative and significant effect on efficiency (p< 0.01). The result was unexpected;
however, there are probable logical explanations about it. One possible explanation is that,
households who have small plots are expected to manage their land efficiently so that they
sustain their family. This finding corroborates that by (Schultz, 1964; Lau and Yotopoulos,
1971; Sidhu, 1974; Huang and Bagi, 1984; Squires and Tabor, 1991). Different researchers have
had conflicting findings on the relationship between farm size and efficiency. Some authors have
found that efficiency level was irrespective of farm size (Torkamani and Hardaker, 1996; Laura
Gow and Langemeier, 1999. However, still others have found a positive size-efficiency
relationship (Pinherio, 1992; Curtis, 2000; Latruffe et al., 2002).
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Table 4: Determinants of Technical inefficiency in Pigeon pea Production

Variable Coefficient Std. Err p-value
Socioeconomics
Household Size 0.0434*** 0.0113 0.000
Age of household head -0.0277 0.0182 0.127
Age Squared 0.0191 0.0135 0.156
Gender of head -0.0586 0.0875 0.505
Education (None) 0.0419 0.0268 0.118
Primary Education -0.0482* 0.0276 0.080
Secondary Education -0.3821*** 0.0274 0.163
Married -0.0297 0.0196 0.130
Separated/Divorced 0.0236 0.0202 0.244
Widow 0.0233 0.0208 0.262
Institutional
Extension on Marketing/crop sales -0.1390*** 0.0141 0.000
Extension on Credit -0.0497 0.103 0.244
Credit Access -0.288** 0.121 0.018
Resource Endowment
Sprayer 0.0175 0.0191 0.360
Treadle pump -0.00621 0.0146 0.671
Oxcart 0.0909 0.2832 0.712
Radio -0.0909 0.0851 0.242
Bicycle -0.100** 0.0459 0.029
Size of Farm 0.0623*** 0.00385 0.000
Spatial Variables
Distance to nearest Road 0.1982 0.1572 0.208
Distance to nearest ADMARC 0.0477 0.0416 0.251
Distance to nearest Boma/town  0.0465*** 0.0104 0.000
Climate variables
Annual Mean Temperature 0.0548** 0.0241 0.023
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Annual Mean Precipitation 0.0467*** 0.0103 0.000

Farming system

Mixed cropping -0.0492 0.0812 0.544

Organic fertilizer -0.0650 0.0368 0.078

Inorganic fertilizer -0.0509 0.0307 0.097
Constant -0.4476*** 0.087 0.000
Observations 2,137

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

It was hypothesized that farms with an access to extension on credit and credit itself would
operate closer to the frontier. The coefficient of this variable shows the expected and statistically
significant result at 1 percent probability level implying that credit use played important role in
efficiency of production. Credit access is very important in agricultural production. It enables
farmers to purchase farm inputs during the production period which is characterised by very little

cash revenue, while expenditures on inputs and consumption must be born.

Cash revenue comes in just after harvest. Credit use therefore increased technical efficiency, a
result similar to the findings of Binam et al. (2004) and Zavela et al. (2005). Similarly, extension
service on marketing and crop sales enhanced technical efficiency of farms. With knowledge of
crop sales and marketing, farmers become profit oriented, consequently, they make sure that they

increase productivity of the limited resources at their disposal.

This study also included some spatial and climate variables as the determinants of efficiency
differentials in Malawi. Among the spatial variables that turned out to be significant was distance
to nearest town and was negatively related with technical efficiency at less than 1 percent
probability level. This indicates that farm households that were near towns are more technically
inefficient on pigeon pea production than those who reside far. This could be due to the fact that,
those farm households closer to town have a high probability of engaging in nonfarm activities
and spent less time on their farms than those who reside far and hence less efficiency. With
regard to climate variables, temperature and rainfall varies both across regions, districts and

within districts, hence using the actual climate variables would increase precision of estimates.
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The study has revealed a negative and significant relationship between mean annual temperature
and technical efficiency of farm households in pigeon pea production in Malawi at less than 1
percent probability level. This implies that, as environment becomes warmer technical efficiency
decreases. Furthermore, precipitation significantly and negatively affected technical efficiency.
Thus, pigeon pea production will not benefit from climate change that is caused by increases in

warming and precipitation.

With regard to cropping system, pigeon pea is dominated by intercrop as observed in 93% of the
sample farmers. Intercrop did not affect the level of technical efficiency (p > 0.1). The
predominance of intercropping meant that pigeon pea benefited from both organic and inorganic
fertilizer from applied on the same plot for the intercrops. These two were found to boost

technical efficiency in pigeon pea though marginally with latter.

IV. Conclusions

A stochastic frontier approach was employed to set out the level of technical efficiency and
simultaneously determine the farm specific factors that affect level of efficiency of pigeon pea
farms in Malawi. A survey was carried out to collect cross sectional data in 2010 production
season. The Stochastic frontier production function was estimated using maximum likelihood to
obtain asymptotically efficient and consistent parameter estimates and determinants of
inefficiency. The diagnostic checks confirmed the relevance of stochastic function, presence of
one sided error component, and that a classical regression model of production based on ordinary
least square estimation would be inadequate representation of the data for analysis of pigeon pea

technical efficiency in Malawi.

The empirical findings also revealed that 61.57 percent of the variation in pigeon pea output
from the frontier is due to technical inefficiency. The technical efficiency scores of the pigeon
pea farms ranged between 22 to 84 percent with a mean value of 53 percent. Hence, the average
output of pigeon pea farms in Malawi could increase by 47 percent under prevailing technology.
A close examination of the relationship between technical efficiency and the various factors that
are assumed to determine efficiency indicated that household size, farm size, distance to nearest

market, temperature and precipitation negatively affected technical efficiency. However,

16



education, crop marketing extension service, credit access and bicycle ownership showed a
positive relationship with efficiency. Therefore, this study proposes strategies such as providing
better extension services and farmer training programs on crop marketing, raising the educational
level of farmers, and providing farmers with greater access to credit, to enhance technical
efficiency. Further, study can be done to explore technical efficiency differential among different

varieties of pigeon pea.
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