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ABSTRACT
Tea production contributes 8.8% of foreign exchange earnings in Malawi. A study was undertaken in
South-Eastern Malawi to understand the smallholder tea production system, estimate its technical
eﬃciency and establish sources of technical ineﬃciency. A multi-stage sampling technique was
employed to select 230 smallholder tea farmers, who participated in the study. Data analysis was
done using SPSS and STATA. Smallholder tea production was characterised using descriptive
statistics. A Cobb-Douglas Stochastic frontier model and Tobit Regression model were run in
STATA to determine technical eﬃciency and sources of technical ineﬃciency respectively. The
study found that the technical eﬃciency of smallholder tea farmers ranged from 16% to 92%
with a mean of 67%. Education, distance to factory and farming experience signiﬁcantly reduced
technical ineﬃciency at 1%, 5% and 10% level respectively; and ineﬃciency was relatively
low among farmers that utilised hired labour, and high among those that were contracted by
government cooperative. Access to non-tea income was not a source of technical ineﬃciency. The
ﬁndings of the study imply that various policies on extension and training have to be implemented
to increase the knowledge of the smallholder tea farmers to ensure increased technical eﬃciency.
Smallholder tea farmers should also be facilitated to access labour-saving technologies to enable
them carry out timely farm operations.
Keywords: Tea, smallholder, technical eﬃciency

INTRODUCTION
Malawi is among the top 20 producers of tea
in the world and, it is the second largest tea
producer in Africa after Kenya (FAOSTAT,
2012). Tea has traditionally been the second
foreign exchange earner after tobacco but its
signiﬁcance has been declining from 21.2% in
the 1970s to 8.8% in the late 2000s (Chirwa
et al., 2005). Malawi exports about 95% of
total amount of tea produced in the country
(International Tea Committee, 2013); and takes
about 3% share of world tea export market
(www.tea.co.uk).
Malawi was the ﬁrst country in Africa to grow
tea on a commercial scale, which started at
Mulanje in the 1880s. Tea is grown in three
districts namely Mulanje and Thyolo in
1.

2.

Southern region and Nkhata-Bay in the North.
According to Fairtrade (2010), large commercial
estates account for 93% of tea production, with
the remaining 7% contributed by smallholder
farmers. Currently, there are about 15,000
smallholder tea farmers in Malawi cultivating
about 4,000 hectares. Every smallholder farmer
belongs to one of the ﬁve outgrower trusts or
associations. The farmers cultivate tea on small
plots of land with an average holding size
of less than a half hectare (Fairtrade, 2010).
Consequently, it becomes imperative that
farmers should make use of available inputs to
produce at optimum levels in order to meet their
income and food security needs.
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According to World Bank (2004), smallholder
tea sector production in Malawi has an average
yield of 1,049 kilograms (of made tea) per
hectare. This yield is far much lower than the
average yield of 2,465 kilogrammes per hectare
achieved by estates. This is also comparably
lower than the yield of 1,849 kilogrammes
realised by fellow smallholder tea farmers in
Kenya. And it is about one-third of on-farm
yield of 3,669 kilogrammes obtainable when
old bushes are replanted with improved clonal
varieties. This research was therefore designed
to investigate the factors that prevent the
smallholder farmers in Thyolo and Mulanje
districts from realising their potential outputs.

district is the biggest producer of both estate
and smallholder tea in Malawi. Thyolo district
is located at -16.0703 latitude and 35.1471
longitude. The average elevation of Thyolo is
952 meters (Thyolo District Assembly, 2009).
Both areas are hilly in topography and hosting
mountain ranges of Mulanje and Thyolo.

Smallholder tea farmers were selected for
interviews in this survey using a multi-stage
sampling technique. A list of all outgrower trusts
was obtained from Tea Research Foundation
of Central Africa (TRFCA). Information on
membership and land size under cultivation
was obtained from the outgrower trust leaders
in both districts to provide the sampling frame.
The study was undertaken to determine There were 12,199 and 2,739 smallholder
the technical eﬃciency of smallholder tea tea farmers in Mulanje and Thyolo districts
production in South-Eastern Malawi and respectively giving a total of 14,938 farmers.
identify sources of technical ineﬃciency. It was
hypothesized that smallholder tea farmers in A proportionate-to-size sampling procedure was
South-Eastern Malawi are technically eﬃcient employed to come up with a sample at district
due to factors such as tea-farming experience, and outgrower trust levels. There were ﬁve
education and access to oﬀ-farm income by outgrower trusts and were purposively selected
the smallholder tea farmer. The ﬁndings of for sampling in both districts. Under each trust,
this study would be of importance to policy a simple random sampling technique was done
makers in smallholder tea subsector namely to come up with Smallholder Tea Authority
Tea Association of Malawi (TAML), tea estate (STA) blocks to be sampled. Where more than
companies, Tea Research Foundation of Central one trust shared a catchment area, eﬀort was
Africa, smallholder tea trusts and Ministry of made to sample diﬀerent blocks for each trust.
Agriculture.
A total of 22 blocks were sampled for this survey;
MATERIALS AND METHODS
The study was conducted in South-Eastern
Malawi in the districts of Mulanje and Thyolo.
These districts were purposively selected since
they are major tea-growing areas in Malawi,
and this is where smallholder tea production
is practised. Mulanje is one of the 28 districts
of Malawi and it is located at the longitude of
35.51 and latitude of -15.99. It has an average
elevation of 640m above sea level and has an
annual rainfall of 1,200 and 1,500 mm per
annum
(www.trfca.net/central.html).
The

15 blocks were from Mulanje district, while 7
were from Thyolo. More than one village was
selected where the required sample from a given
block was more than seven farmers, and one
village was selected where the required sample
from that block was less than seven. From each
selected village, a simple random sampling
technique was used to select smallholder tea
farmers for the study. Consequently, a sample
of 187 smallholder tea farmers was drawn from
Mulanje district, while a sample of 43 farmers
was drawn from Thyolo giving a total of 230
farmers. Cross-sectional data were collected
using a semi-structured questionnaire in months
of May and June 2012. Additional information
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was obtained from TRFCA and outgrower Ui = the one-sided ineﬃciency component with
trusts.
a half-normal distribution.
The analyses were done by making use of STATA
and SPSS computer packages. The smallholder
tea production system was characterised using
descriptive statistics. Further, the study assumed
that tea output in kilogrammes was dependent
on farm size under tea cultivation (ha), amount
of pesticides applied (litres), amount of fertilizer
applied (kg), cost of human labour deployed
(MK), amount of capital invested in implements
(Malawi Kwacha) and tea type (1= clonal tea, 0
otherwise) and age of tea.

The farm speciﬁc technical eﬃciency (TE) of the
ith farmer was estimated using the expectation
of Ui conditional on the random variable (Xi) as
shown by Battese and Coelli (1995). According
to Tadesse and Krishnamoorthy (1997), the TE
of an individual farmer is deﬁned in terms of the
ratio of the observed output to the corresponding
frontier output given the available technology,
that is:

The following stochastic frontier production
(2)
function was estimated as proposed by Aigner
et al. (1977) and Meeusen and Van Den Broeck
(1977) and used by Adedeji et al. (2011) and Where, Yi = observed output and Yi* is the
frontier output so that TE is between 0 and 1.
Amos (2007).
Sources of technical ineﬃciency were
(1) determined by examining the relationship
between technical ineﬃciency (Ui) and the
farm characteristics in the two-limit Tobit
Where subscript i refers to the observation of
Regression function (Binam et al., 2005). This
the ith farmer, and
study estimated the Tobit regression function
Y = Tea Production (kg)
for determinants of technical ineﬃciency as
follows.
X1 = labour cost (Mk)
X2 = Cost of implements (Mk)
X3 = Land size (ha)

(3)

X4 = Fertilizer amount (kg)

Where: Ui = technical ineﬃciency of the ith
smallholder tea farmer

X5 = Age of Tea bushes (Years)

δi= is a vector of parameters (i=1,2,…,9)

X6 = Pesticide amount (litres)

Z1 = Age of farmer (yrs)

X7= Lime amount (kg)

Z2 = household size (number)

X8 = Type of tea (clonal tea=1, 0 otherwise)

Z 3= Educational level (years of schooling)

β i’s = the parameters to be estimated

Z4 =Age of tea bushes (years)

ln = natural logarithms

Z5 = Occupation (None-tea income=1, 0
otherwise)

Vi = the two-sided, normally distributed
random error

Z6 = Extension contact (number of visits)
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Z7 = Type of contract (estates=1, 0 otherwise)

Estimation of Technical Eﬃciency

Z8 = Type of tea (Clonal tea=1, 0 otherwise)

Estimation of Elasticity of Production and
Returns to Scale

Z9 = Hired labour (Yes =1, 0 otherwise)
RESULTS AND DISCUSSION
Characteristics of Smallholder Tea Farmers in
South-Eastern Malawi
This study found that a typical smallholder tea
farmer was 48 years old, had a six-member
household, attended an average of ﬁve
years of formal education, had a 19-year tea
farming experience and managed a 30-year
old plantation, which was 0.4 ha in size. On
average, the farmer applied 347 kg of inorganic
fertilizer and 61 kg of lime per hectare. The
farmer needed MK6,733 for purchasing and
maintaining farm implements such as hoes,
panga knives, bamboo baskets, polythene bags
and pruning knife. The farmer was visited by an
extension worker ten times in a year. Despite
the release of improved (clonal) varieties of
tea by Tea Research Foundation of Central
Africa (TRFCA), only 37% of the farmers
had pure stands of such varieties. The survey
found that 33% of the farmers used family
labour only and 3% used hired labour only; and
63% of the farmers used both family and hired
labour. Located nine kilometres away from the
processing factory, the smallholder farmer sold
7,938 kilogrammes of greenleaf (about 1,746
kg made tea) in 2010/11 season. Assessing the
proportions, it was found that 62% of the farmers
had tea as the only source of income, while the
remainder had other sources of income. Lujeri
Tea Estate and Eastern Produce Limited bought
over 75% of smallholder greenleaf tea. STECO,
a government-owned cooperative, bought about
19%. The estates of Makandi and Satemwa in
Thyolo bought a meagre 5% of smallholder
green leaf. Refer to Table 01 for selected
descriptive characteristics of smallholder tea
production in South-Eastern Malawi.

There was need to estimate an Ordinary Least
Squares (OLS) function to help determine the
elasticity of production that would indicate
whether farmers were operating at optimum
level or had room for improvement. Prior to
that, the variables in the function were tested
for multicollinearity and heteroskedasticity.
For multicollinearity, variance inﬂation factor
(vif) was 1.86<10 indicating tolerable levels
of multicollinearity and implying that the
variables were ﬁt to be used in the model.
Breusch-Pagan/Cook-Weisberg test was used
to test for heteroscedasticity. The model had
a chi-square value of 16.89 hence rejecting
the null hypothesis that the variances were
constant at 1% level of signiﬁcance. This led
to adopting the alternative hypothesis that the
variances were not equal. An OLS regression
model was then run with robust standard errors
to check for existing heteroscedasticity. Adding
the parameters for the regressed independent
variables in the model, it was found that the
returns to scale was 1.906 indicating increasing
returns to scale and that tea production was in
stage I of the production function. According
to Kolawole and Ojo (2007), such outcome
shows that proportionate increase of the inputs
could increase output by a relatively greater
proportion. According to Adedeji et al. (2011), it
can further be inferred that optimum eﬃciency
of production had not yet been achieved and
the technologies for tea production were
underutilized below the maximum technical
eﬃciency. This implies that policy makers
should formulate policies that could induce
farmers to eﬃciently utilise the available
resources so that tea could become a more
productive and proﬁtable enterprise. The results
from the model suggest that tea production was
signiﬁcantly aﬀected by investment in labour,
amount of fertilizer applied, the age of tea
bushes, amount of pesticides applied and type
of tea as indicated in Table 02.
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Table 01: Characteristics of Smallholder Tea Producers in Malawi
Variable

Units

Sample Mean

Std. Dev.

Education level

Years

5

4

Age of Tea Bushes

Years

30

14

Household Size

Number

6

2

Experience

Years

19

14

Land Size

hectares

0.4

0.44

Fertilizer

Kg/ha

347

193

Pesticides

Litres/ha

0.09

0.5

Lime

Kg/ha

61

156

Implements Cost

Mk/ha

7820

9400

Labour cost

Mk/ha

72128

52848

Distance to factory

Km

9

11

Extension

Visits/yr

10

10

Greenleaf Output

Kg/ha/yr

7938

7033

Source: Survey Data, 2012

Table 02: Estimates of the Cobb-Douglas OLS Model for Smallholder Tea Production in South
Eastern Malawi (Dependent Variable: Ln Production Kg)
Variable

Parameter

Robust S.E

t

Constant

-2.866***

0.0.076

-4.03

Ln Labour Cost

0.898***

0.08

11.24

Ln Implements Cost

-0.061

0.044

-1.37

Ln Land Size

0.029

0.066

0.44

Ln Fertilizer amount

0.212***

0.07

3.03

Ln Age of Tea Bushes

0.311***

0.059

5.25

Ln Pesticide amount

0.387**

0.176

2.2

Ln Lime amount

-0.002

0.018

-0.13

Type of Tea (Clonal tea=1)

0.132*

0.076

1.75

F(8,221)=101.69, Prob>F=0.0000, R2=0.7569, Root MSE=0.54913
***, **, * mean signiﬁcant at 1%, 5% and 10% respectively
Source: Survey Data, 2012

The computed coeﬃcients for the regressed
inputs suggest that 1% increase in the cost
of labour would generate 0.898% increase
in greenleaf output, while 1% increase in
fertilizer amount would yield 0.212% increase
in greenleaf output. Apart from that, letting the
tea bush grow one more year would enable the
farmer to realise 0.311% increase in greenleaf
production. Replacing natural log of tea age

with natural log of its square, it was found that
the coeﬃcient reduced to 0.157. This implies
that as tea bush grows older, its greenleaf
output diminishes. Furthermore, a 1% increase
in pesticide application would lead to 0.387%
increase in greenleaf output. Finally, the farmers
that grew clonal tea would produce 0.132%
more greenleaf when compared to those that
had seedling tea.
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Estimation of Stochastic Production Frontier

rather stochastic in nature. This ﬁnding led to
rejection of the null hypothesis and concluded
A Cobb-Douglas stochastic production frontier that smallholder tea farmers in South-Eastern
model was estimated using STATA software. Malawi are not technically eﬃcient.
The continuous variables were transformed
into log linear form before running them in the The maximum likelihood estimates indicated
model. The dependent variable of the estimated that labour cost, fertilizer amount and age of tea
model was greenleaf output in kilogrammes and bushes signiﬁcantly and positively contributed
the independent variables included size of land to the frontier production at 1% level; while
under cultivation in hectares, type of tea (clonal pesticide amount signiﬁcantly contributed at
tea=1, 0 otherwise), amount of fertilizer applied 10% level. The observed positive eﬀect of
in kilogrammes, cost of labour in Malawi labour was in agreement with recent studies
Kwacha, amount of pesticides applied in litres, by Mapemba et al. (2013), Yuya (2014) and
amount of lime applied in kilogrammes, cost of Asante et al. (2014). The positive eﬀect of
implements in Malawi Kwacha and age of tea in fertilizer on production was in line with Adeoye
years. The existence of ineﬃciency component et al. (2014), Abu (2011) and Gharderzadeh
in the stochastic frontier model for smallholder and Rahimi (2008). The signiﬁcantly positive
tea farmers was tested using likelihood-ratio eﬀect of age of tea bushes is consistent with
test. A null hypothesis that there were no the ﬁndings of Danso-Abbeam et al. (2012)
ineﬃciencies in the model (Ho: sigma_u=0) and Ojo and Ehinmowo (2010) among coﬀee
was rejected at 5% level as shown in Table 03. and Kolanut farmers respectively. The positive
eﬀect for pesticide application was also found
This implied that the ineﬃciency variation by Egbetokun and Ajijola (2008) among cowpea
(sigma_u) was signiﬁcantly diﬀerent from farmers in Nigeria, and Piya et al. (2012) among
zero hence worth measuring. It further implied rice farmers in Nepal.
that the frontier was not deterministic but
Table 03:

Maximum Likelihood Estimates from the Cobb-Douglas Stochastic Frontier Model for
Smallholder Tea Production in (Dependent Variable: Ln Production Kg)
Variable

Parameter

S.E

Z

Constant
Ln Labour Cost
Ln Implements Cost
Ln Land Size
Ln Fertilizer Amount
Ln Age of Tea Bushes
Ln Pesticide Amount
Ln Lime amount

-1.997**
0.864***
-0.058
0.043
0.213***
0.289***
0.376*
-0.008

0.682
0.068
0.05
0.063
0.062
0.057
0.212
0.02

-2.93
12.66
-1.18
0.68
3.42
5.06
1.78
-0.38

Type of tea (Clonal Tea=1)

0.097

0.087

1.11

Sigma_v (σv)

0.412

0.049

0.57

0.104

Sigma squared [σ = σ v + σ u ]

0.495

0.091

Lambda [λ= (σu / σv)]

1.384

0.145

Sigma_v (σu )
2

2

2

LL: -177.6645 Likelihood-ratio test of sigma_u=0: chibar2(01) = 4.16 Prob>=chibar2 = 0.021
***, **, * mean signiﬁcant at 1%, 5% and 10% respectively
Source: Survey data 2012
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Determining Technical Eﬃciency
Upon obtaining the Maximum Likelihood
estimates from the Cobb-Douglas Stochastic
Frontier model, the farm-level technical
eﬃciency scores were predicted. It was found
that smallholder tea farmers in Malawi had
an average technical eﬃciency of 67% with
the least eﬃcient farmer obtaining a score of
16% while the most eﬃcient farmer scoring
92%. Considering the computed mean, it was
inferred that smallholder tea farmers in Malawi
had a possibility of increasing their greenleaf
output by 33% if their eﬃciency at utilizing the
available technology was improved. Basing on
the range of the predicted levels of technical
eﬃciency, it was inferred that there was a
wide disparity in technical eﬃciency amongst
smallholder tea farmers. This implied that
there was room for the increase in tea output;
and could be achieved through eﬃcient use of
the existing technologies without necessarily
introducing the new ones.

Sector of Sri Lanka. It was also lower when
compared to eﬃciency levels of other plantation
crop producers such as Nigerian cocoa farmers,
who Amos (2007) and Adedeji et al. (2011)
found that they were 72% and 97% technically
eﬃcient respectively. Furthermore, it was lower
when compared to the technical eﬃciency of
89.6% observed by Nchare (2007) among coﬀee
farmers in Cameroon. But the ﬁnding is similar
to the ﬁnding of Dhehibi (2007) who noted
that the Palm-Oil Growing sector in Tunisia
was 64.34% technically eﬃcient. However, all
these studies agree that smallholder farmers of
plantation crops are not technically eﬃcient.

It was also observed that 60% of the farmers
operated above the mean technical eﬃciency
of 67%, and only 47.8% operated above
the technical eﬃciency of 70%. Further
analysis revealed that the highest proportion
of smallholder tea farmers falls within the
technical eﬃciency category of 71-80%, while
the smallest falls under 91-100% as shown in
Figure 01. These ﬁndings imply that policy on
The computed mean technical eﬃciency of this smallholder tea farming should shift towards
survey was lower compared to the technical improving the technical eﬃciency of farmers in
eﬃciency of 83.1% observed by Basnayake order to increase smallholder tea production.
and Gunaratne (2002) in the Tea Smallholding

Source: Survey 2012

Figure 01: Percentage Distribution of Tea Farmers against Technical Eﬃciency Scores
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Sources of Technical Ineﬃciency

formal education, technical ineﬃciency of
that household would signiﬁcantly reduce by
Upon predicting the farm-level technical 0.013%. This result agrees with the ﬁndings of
eﬃciency levels from the Cobb-Douglas Maganga (2012), Adedeji et al. (2011), Wakili
Stochastic Frontier model, the ineﬃciency (2012) and Kalibwani et al. (2014).
score (Ui) was also predicted for each farmer.
Referring to Equation (3), Ui was regressed The second most important socio-economic
against the farm characteristics namely tea factor was distance to the factory, which was
farming experience in years, household size as signiﬁcant at 5%. Its negative coeﬃcient means
number of individuals per household, education that if distance from tea farm to tea-processing
in years of schooling, distance from farm to factory increased by one kilometre, ineﬃciency
factory in kilometres, extension as number would decrease by 0.003%. This ﬁnding is in
of visits per year, type of contract (Govt. line with that of Nto and Mbanasor (2011),
cooperative = 1, 0 otherwise), occupation (non- who found that nearness to market negatively
tea income = 1, 0 otherwise), access to hired aﬀected productivity of agribusiness ﬁrms in
labour (yes = 1, 0 otherwise) as shown in Tobit Nigeria.
Regression Model shown in Table 04.
The other equally important factor was type
The results showed that the Chi-square value of contract. The positive coeﬃcient on type
was signiﬁcant at 1% level implying that the of contract implies that smallholder tea
variation in the ineﬃciency was signiﬁcantly growers that had a contract with a government
explained by the independent variables included cooperative had relatively higher technical
in the Tobit regression model. It was then ineﬃciency when compared to those who had
found that education was the most important contracts with estate-managed trusts. This is
socioeconomic factor as it reduced technical in agreement with Chirwa and Kydd (2005),
ineﬃciency at 1% level of signiﬁcance. The who attributed the higher productivity of estatenegative sign for this variable means that contracted farmers in the same region to more
if the household head spent extra year in contacts with their extension workers.
Table 04:

Sources of Technical Ineﬃciency in Smallholder Tea Production of South-Eastern Malawi
as Estimated from Tobit Regression Function (Dep. Var: Ineﬃciency, Ui )
Source of TE

Coeﬃcient

S.E

t

Constant

0.6***

0.005

11.52

Experience (years of tea farming)

-0.002*

0.001

-1.84

Household Size (number)

-0.006

0.006

-1.1

Education (years)

-0.013***

0.004

-3.24

Distance from farm to factory (km)

-0.003**

0.001

-2.17

Occupation (Non-tea income=1)

0.044

0.027

1.59

Extension (number of visits)

0.002

0.001

1.21

Type of Contract (Govt. Coop=1)

0.101**

0.039

2.57

Access to hired labour (yes=1)

-0.056*

0.029

-1.94

***, **,* mean signiﬁcant at 1%, 5% and 10% respectively
LR Chi2(9)=26.70, Prob>Chi2=0.0008, Log likelihood=32.4048
Source: Survey 2012
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Access to hired labour and tea farming
experience were least signiﬁcant at 10%.
The dummy for access to hired labour had a
negative coeﬃcient implying that those who
utilized it had a relatively low ineﬃciency
level than those that did not. This ﬁnding was
consistent with those of Ashaolu et al. (2010)
and Abatania et al. (2012). This implies that,
though family labour is in ready supply in
South-Eastern Malawi, supplementary hired
labour especially in peak season and pruning
times yielded signiﬁcant returns. For instance,
in rainy season, use of hired labour enables the
farmer to timely undertake crucial tasks such as
picking, weeding and fertilizer application.
Coeﬃcient for tea farming experience was
signiﬁcant and negative in consistence with
the ﬁndings of Ogundele and Okoruwa (2006)
and Onumah et al. (2010), who found that
farming experience signiﬁcantly aﬀected
technical eﬃciency of rice farmers in Nigeria
and ﬁsh farmers in Ghana respectively. The
coeﬃcient and its sign meant that if the teafarming experience were increased by one year,
the smallholder farmer’s ineﬃciency would
decrease by 0.002%. This ﬁnding entails that
the accrued farming experience enabled the
farmers to competently apply the production

principles and solve the recurrent problems.

CONCLUSIONS AND
RECOMMENDATIONS
Following the study ﬁndings, it can be generally
concluded that smallholder tea farmers
in South-Eastern Malawi are technically
ineﬃcient operating at a technical eﬃciency
range of 16% to 92%, and a mean of 67%.
Smallholder tea production is signiﬁcantly
aﬀected by labour cost, fertilizer amount, tea
age and pesticide amount used. Technical
ineﬃciency decreases with household years
of formal education, distance from farm to
factory, contract arrangements with private
estates, utilization of hired labour and farming
experience. The study established that access
to oﬀ-farm income is not a source of technical
ineﬃciency. The implication of the ﬁndings
is that policies should be directed towards
improving smallholder farmer’s knowledge in
modern tea production techniques, developing
labour-saving technologies, and formulating
conducive greenleaf-buying contracts to
increase their contribution and economic returns
along the value chain.
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