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1. INTRODUCTION

Theoretically, economies of size or scale economies refer to a firm ability to
minimize the costs of production by increasing output. ln agriculture, it means
the ability of a farmer to expand its production by expanding the size of the farm
with a fixed or relatively low increase in costs of production. The empirical studies
in agriculture generally provide evidence over an 'L' shaped cost curve (Hallam,
t99t). Scale economies or returns to scale of a farm could arise due to the various
reasons and among them, marketing advantage of the bulk product due to the
improved marketing power or negotiation power, the advantage in purchasing

bulk inputs, ability to improve resource use efficiency particularly labor,
machinery and water resources or managerial ability, ability to effectively control
of pest, weeds, and diseases, etc. are largely cited in the literature (Duffy, zoog;
Chavas, zooS; Hallam ,1991i Faris, t96t). Thus, the scale economies in agriculture
associates with external or non-size factors as well.

ln Sri Lankan agriculture, lowering the cost of production along with
increasing farm size is a debatable topic due to the constant nature of the land
resources devoted to the agriculture at the aggregate level and structural
rigidities or inflexibility in the land market (Samaratunga, zoto). ln agriculture
colonization schemes, land fragmentation is one of the issues due to the pressure

of second and third generations of settled families over-allocated fixed amount
of land and inadequacy of off-farm employment generation, specifically through
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agro-based industrialization, in the agriculture regions of the country. This has
currently led for informal fragmentation of paddy land affecting to reverse one
of the main objectives of establishing the agriculture colonies - from generating
marketable paddy surplus or commercialfarming system to subsistence farming
system. Many studies have cited the less profitability of paddy farming in the
country due to various issues. Among them, issues in the paddy marketing, high
cost of production, and stagnated nature of productivity are mainly highlighted
in the literature (Thiruchelvam, 2oo5; Aheeyar, et al, zoo3; De Silva & Yamao,
zoog; Wijesinghe & Wijesinghe, 2o15). As a result, government intervention in
agriculture could be observed in various forms to sustain the paddy farming in
the country and among them, fertilizer subsidy program, credit schemes with
interest subsidies, guaranteed price schemes, extension services, etc. are the
programs which make a heavy burden on government annual budget. For
instance, in zo'r7, the government had to spend LKR 3o.1 billion for fertilizer
subsidy scheme (CAS; zorT).

Given this backdrop, one of the topical subiects which recently gained
interest among the scholars to address the issue of the economic viability of
paddy farming is the scale economies of paddy farming (Samaratunga,2olo;
Weerahewa, et al., zoo3; Thibbotuwawa & Weerahewa., zoo4). According to the
World Bank (zoo7), the rigidities in the land market has affected low-income
growth in rural areas of the country as it limits farmers' interest in agriculture
product diversification and investment in farm productivity enhancement. The
studies carried out byWeerahewa et al. (zoo4) and Thibbotuwawa &Weerahewa
(zoo4) confirmed the positive relationship between the scale of cultivation, and
productivity and competitiveness in paddy farming. Several studies have revealed
that paddy farming with smallholder does not have comparative advantages
(Rafeek & Samaratunga, 20oo; Kikuchi, et al., zooz). Bandara, zoo8) emphasized
the cost of production difference between small scale and large scale farming
noting the capital intensive nature of large scale farming. Studying economies of
scale in agriculture, Samaratunga (zoro) noted the small size of the farm as a
cause of low agricultural income of farm households.

This research evidence provides justification to large scale farming in the
country as it generates economies of scale and thereby support to generate
adequate agricultural income (Wickramaarachchi and Weerahewa, 2or81 Sheng,
et al., zotg; Bhatt and Bhat, zot4). Further, these studiesr findings support the
agricultural land market liberalization. As the majority of paddy farmers are
smallholders, it is a critical and debatable argument - specifically due to its link
with land market liberalization- thus, further studies are needed to exhibit the
problem of economies of scale in paddy farming in Sri Lanka in the context of
smallholder settings. Also, it is evident that economies of scale are related to
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structural change in agriculture, particularly due to the change in technology,
consumer preferences, and world conditions (Uallam, t99t).

Thus, the central aim of this paper is to test the hypothesis that Iarge paddy farms
generate the economies of scale in terms of paddy farming in the agriculture
colonization schemes. ln this connection, following three points will be in the

consideration - t) exploration of effects of farm size on acreage production by

taking into account the heterogeneity nature of land ownership due to informal

land fragmentation issue in the agriculture colonization schemes, z) exploration
of effects of other farm-specific scale variables on acreage production of paddy

farm, and 3) discussion over derived relationships in the context of nature of
emerging informal land ownership issue in the agriculture colonization schemes.

The specific contribution of this study is that it uses a different method - quantile

regression model - to capture the effects of informal land ownership based

heterogeneity amongst the farmers.

2. ANALTflCALTECHNIqUES USED lN PREVIOUS STUDIESAND KEY

RESULTS

The issue of agricultural land fragmentation is one of the topical subject in

the research arena due to increasing population pressure on constant land

resources. On the hand there is a theoretical debate over relationship between
land size and acreage production with inconclusive results. Table t presents the

summery of data and techniques used in previous research in studying
relationship between farm size and productivity and key concluding points. The

concluding points of the studies provide rather mixed evidence over the research

subject with different explanations over scale merits.
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3. RESEARCH METHODOLOGY

3.t Study setting

The study selected 'Huruluwewo Agriculture Colonization Scheme (UnCS)'
as a study setting to generate primary data for quantitative analysis. The HACS

was selected due to the several reasons. According to agricultural statistics, the
scheme was established in t952, and about 6,ooo families have been settled
giving 3 acres - mudland, mainly for paddy farming and o.5 acres of upland. Thus,
state lands have been given under the Land Development Ordinance (LDO) in
t935, which is the central legal framework - specifically of the state land (Crown
Land)- for systematic development and alienation. The ordinance provides a legal
setting for government officials to work on the use and distribution of state land.
Thus, the area is much appropriate to study the effects of land fragmentation on
farm productivity as now second and third generations of initial settlers are doing
farming in the scheme being mostly in an informal setting. Herath (zoo6)
reported that most of the dry zone farmers are dependent on subsidies and close
to the poverty line, indicating that Iand policy enacted at the macro-level has not
benefitted farmers.

3.2 Sampling and data collection in the field

This research aimed to generate empirical evidence on the impacts of farm size
on farm productivity by taking into account the heterogeneity nature of informal
Iand ownership in the HACS as a case. Data for the study was primarily drawn
from an empirical survey conducted in February to March 2o19 among the farm
households in the scheme.

The field sites were selected considering both right-bank and left-bank of the
HACS due to the differences between the people settled in the area-
traditionally Iived, and outside people. Four typical Crama Niladari (GN) divisions
from both the left-bank and right-bank were selected for the farmer household
survey. The survey covered tto farm households by giving equal probabilities to
all farm households to be in the sample. Sampled farmers were interviewed by
administering a pre-tested survey questionnaire. The questionnaire was designed
to elicit the data on socioeconomic background of the farm households, farm
size, paddy production and productivity, cost of production, and marketing, etc.
The secondary data for the study is drawn from available reports in the irrigation
department at the scheme and published research articles on the subject.
Sampled data on farm size clearly indicated that 86 farmers, which is 78% of total
sample, are in the informal setting (see Figure r).
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Figure t: Distribution of land size among the sampled farmers in the scheme

3.3 Empirical Model

This study tests the hypothesis that small size of paddy farms are less

productive compared to large farm size in the context of informal land

fragmentation in the agriculture colonization schemes in the Anuradhapura
district in Sri Lanka using the sampled data collected in the HACS. The root cause

of the research problem of the study which motivated to carry out this study to
test above mentioned hypothesis is the informal Iand fragmentation issue in the
agriculture colonization schemes.

To study the relationship between farm size and acreage production of
paddy farming, the study uses the Quintile Regression Model (qRM) as expressed

Koenker & Bassett 0gZg) and applied by Savastano and Scandizzo (zot7)-the
reason of using the QRM is that, the QRM provides the estimates with
distribution of response variable and accommodate heteroscedasticity
(Savastano and Scandizzo, zotT). This supports to distinguish the relationship
among less productive farmers and more productive farmers. Thus, the basic

model was specified as follow.

lJ= po* g$t*yzi*€i - - - - -(1)
Xi

Where, y; is the paddy production of irh farm, x; is the size of the ith farm,
Z; is the set of other scale variables and e; is the random disturbance term.
According to this equation, conditional mean value of p1 would be zero when
yield adjustment is taken place purely to conditions outside their control. lt

t-l (g

.l cl
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means no variations in the acreage production due to the farm size. lt further
means if h + 0 there is a systematic difference in acreage production in farms
that are not accounted in the rest of the equation. As explained by savastano and
Scandizzo (zot7), these differences may be due to the different behavioural rules,
different abilities in following the same rules or different level of information or
other omitted variables that are correlated with farm size.

As proposed by Binswanger, et al., (rggS), following functionalform is used
to drive the estimates.

tr: 
Uo* B$i+ Lzx? +yzi+ txirui - - -(2)

ln equation (z), *7 is used to test the non-linearities in the relationship
between farm size and acreage paddy production. Z; represents the set of other
scale variables. The QRM make the estimations for potential deferential effects
of a covariate on various quantiles in the conditional distribution. With the
consideration of deferent quantiles, the QRM estimates that how the effect of a
covariate varies with the distribution of response variable and accommodates
heteroscedasticity (Savastano & Scnadizzo, 2oo7). The QRM with respect to
equation (t) can be presented as follows;

yt = E{ + Blxi+ Blr? * yqZi * ai * ui - -- - - (3)

Where y; is the acreage production of ith farm, and parameters ff , pl, pl
and ye are in qrh quantile of acreage production.

Minimization of the sum of absolute deviations from an ar:bitrary chosen
quantiles of a farm productivity across different paddy farms gives the parameter
vector l6f Bi Pg ,a l. rhis sum of absolute deviations can be presented as
follows,

Minimizef ilf - t Bt+ Bl*,+ Flr?+ Z,rfr,,fl-- --(4)
Where f;q is the acreage productivity of ith paddy farm at quantile q,

(i=1,2,...,n); x; is farms size and zil is the covariate j for farm i (j = 1,2,... ...,k).

The solution for above equation can be found by reviewing the equation as
a linear programming problem over the entire sample (Chamberlain, r994) and
solving for values of the parameters and for each quantiles, those parameters
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show the direction of the effects of farm size on productivity and how large that
effect is compared to the different quantiles.

4. RESULTSAND DrscussroN

4.1 Results

ln the quantile regression, the dependent variable (yi) is acreage paddy
production. The acreage production was calculated as the kilogram of paddy per
acre (outputffarm size in acres). The independent variables are farm size, Labor
(Zt) and Capital (22). Capital expenditure was calculated summating all

expenditures related to packaging, transportation, machinery usage, fertilizer
application, and pesticide and herbicide usage. Figure z,3and 4 shows the scatter
plots for three independent variables - farms size, Zt and Zz with the dependent
variable - acreage paddy production.
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Figure z: Relationship between farm size and acreage production
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Figure 3: Relationship between labor expenditure and acreage production
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As illustrated by figures, it is easy to see a higher variability in each

independent variable, and as the independent variable gets bigger it is very

difficult to identify a pattern in the behavior of dependent variable - acreage

paddy production. The variability of those variables violate a key assumptions of
Iinear regression estimation - the normally distributed errors with constant
variance. Thus the linear regression have lower value for above relationship.

Thus, the QRM is selected as a way to deal with non-constant variance.

As discussed in the methodology section, the QRM can be estimated
without making any assumption about the distribution like linear regression. ln

the linear regression models, researches applied a log transformation to the

original skewed data in order to fulfill some distributional assumptions such as

normality. As there are no assumptions in quantile regression it is not necessary

to apply log transformation. ln this study, quantile regression has performed for
o.1, o.z, o.3,...,o.9 quantiles and we obtained following output (see Table t).

According to the QRM output the estimated constant and the slope

coefficients of each independent variables have changed much with the
increasing quantiles. The constant is statistically significant in all the quantiles in

the o.o5 significant level. Coefficients of all the independent variables are

statistically insignificant in o.t quantile. The variables Farm size and Farm sizez

show a significance since o.z quantile. The variable Farmsize show a negative

values in all the quantiles. The value of the coefficient of farm size has

continuously declined from o.t to o.7 quantile, but show a slight improvement

between o.7 - o.g.The variable Farm stzez show the same pattern, but positive

coefficients. Other two independent variables - Z't and Zz - show different
trends. The variable Zr (Labor) shows a significance in o.8 and o.9. The coefficient
of Zr has a negative value and that value shows a continuous decline after o.5

quantiles. The variable Zz shows a significance in o.6, o.7 and o.9, but the

coefficient is insignificant in the o.o5 significance level in o.8 quantile. The value

of the coefficient has increased continuously since o.5 quantile'

Hence, the most interesting results are the coefficients Zt and Zz. The

magnitude of impact of Z't on acreage paddy production has decreased as the

acreage paddy production move from the o.8 quantile to those in the o.9

quantile. Z't is more significant in o.9 quantile than o.8. The magnitude of impact

of Zz on dependent variable has increased as the acreage paddy production move

from o.6 quntile to o.9 quantile. Same as the Zt, Zz is more significant in o.9

quantile than the lower quantiles.
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Quantile Process Estimates
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Figure 5: Quantile Process Estimates

Above graphs provide a visualization of the differences in the slope values

of independent variables across the quantiles with the confidence intervals

considered. Each dot in the blue lines shows the slope coefficient for the quantile
indicated on the X axis. The red lines indicate the least squire estimates and its
confidence intervals. The quantile coefficients fallwithin the confidence intervals

of OLS coefficients. Then, above graphs appears the linear regression slopes are

sufficient to describe the relationship between each independent variables and
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the acreage production. That means the quantile slopes are not statistically
different from the OLS estimates.

Table z: Slope equality test result for the determinants of acreage production

Test summery Chi-Sq. Statistic Chi-Sq. d.f. Prob.
Wald Test 57.2887o 32 o.oo3g

Table z presents the results of slope equality test for the determinants of
acreage productions. The Chi-quire statistics value of 57.288 is statistically
significant at o.95 confidence level. With the test results it can be concluded that
the coefficients differ across quantile values.

5. DISCUSSION

Results of this study rises interesting questions for discussion. First, why is

there a negative coefficients of farm size in each quantile and is there a specific
reasons for getting improve condition since 7th quantile. The QRM outputs
support us to discuss heterogeneity nature of acreage production with farm size.
The nature of the land allocation for settlers in the agricultural settlement
schemes in dry zone of the country is that all settlers were given fixed amount of
mud- and up-land. At the early stage of the settlements, farmers in some schemes
were given 1o acres of mud-land. Later, it was reduced to 5 to 3 acres of mud-land
in different settlement schemes. The main argument of reducing the size of land
given to each farmer in the settlement schemes was the incapability of
management of Iarge size of farm by the farmers. lt has resulted largely for less
land use efficiency in the settlement schemes. Thus, size of land given to each
farmer was reduced to the 2 to 3 acres of new settlements.

However, the heterogeneity in the variable of land size was aroused due to
the informal land fragmentation in the scheme. The main Land Act used for the
agriculture settlement schemes was the Land Development Ordinance of r935. lt
was enacted to facilitate the government settlement schemes alienating Crown
Land to the landless people. The ordinance has established regulatory provisions
with limitations preventing transfer, mortgage, sale or sub-division of holdings.
The provision of minimum-sub division of holdings has resulted for informal Iand
fragmentation in the scheme due to the pressure of second and third generations
of the scheme. The results of the QRM should be interpreted by taking into
consideration this informal land fragmentation. Particularly, until 7th quantile,
conditional mean value of farm size is getting worst and then after it improves
indicating potentiality in large size farm in improving acreage production (see the
graph z of Figure 5). The field interviews with farmers revealed that informality in
Iand ownership has created a series of issues in farm management such as water
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management at the farm level, agriculture subsidy related matters, pest and

disease controlling. Even they reported the farmer conflict due to informal land

fragmentation. Less cost effectiveness of use of farm machineries by the farmers
was also reported. Thus, possible reasons for worsening status of conditional
mean value of farm size until 7th quantile may due to the informal land

fragmentation as conditional mean value of farm size since 7th quantile improve

the condition. Mostly, farmers in the 7th, 8th and 9th quantiles are relatively large

scale farmers with better ability in farm resource management due to relatively

Iow or no informality in land ownership. Thus, informality in the land ownership

in the Iower quantiles is the main reason for worsening condition of farm size and

acreage production relationship as some studies (Thapa, zooT; Sundqvist &

Andersson, zoo6; Ahmad & Qureshi , lggg) cited ability of intensive use of farm

inputs with smallsize.

Second, how do we interpret negative conditional mean value of variable

Zr (labor expenditure) and Zz (capital expenditure)? lt shows that until 7th

quantile, the coefficient of variable Zt is not significant and but, from 7th quantile

it is significant but impact on acreage production is negative. This indicates the

need of deviating from labor intensive nature of farming to capital intensive

nature - more mechanization - in order to derive higher productivity in paddy

farming. This explanation was further supported by quantile results on variable

Zz - capital expenditure. lt shows that coefficient of variable Zz is significant with
positive and improving status since 5th quantile to upward. lt indicates need of
capital intensive nature of farming in order to derive higher farm productivity.

Moreover, this findings can be connected with quantile results of variable farm

size as many literature note the effectiveness of farm mechanization with large

farm.

Figure 6 provides the base for theoretical discussion on the research

subject. The history of agricultural settlement schemes revealed that size of the
land given to the farmers was reduced due to the managerial inefficiencies of
farming. Later, z to 3, acres were recognized as optimum land size. Theoretically,
managerial inefficiency due to farm size expansion leads to increase the cost of
production. lt leads for less economic viability of rice farming. Second, efficiency
of resource use is caused by the expansion farm size due to the due to the
technological advantages, marketing advantages (both input and output),
economies of transport, specialization in management, etc. The analysis of survey

data clearly shows decreasing cost of production along with increasing farm scale

(see Figure 6). The optimum farm size which gives minimum level of cost of
production ranges between 3 to 4 acres in the surveyed sample. However,

informal land fragmentation in the scheme has led to reverse the scale merits as

it has resulted to increase the cost of production at small farm setting compared

to the land size 3 to 4 acres. Figure 7 shows the relationship between total
revenue (TR) and total cost (TC) ratio. TR reflects the both production (Quantity)
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and marketing sides (erice), thus it is the best represents of resource use
efficiency in production and marketing gains of output selling. Figure 7 clearly
indicates the increasing trend of TR/TC ratio up to a certain Ievel of scale and then
it begin to decrease. The optimum level of the ratio gives at the range of land
scale - 2.5 to 3 acres. Figure 6 and 7 clearly indicate that reduction in farm size
from the optimum level lead for higher inefficiency in resource use and lessor
returns.

10Occ0

)finnn

Farm size in acres

Figure 6: Empirical validation: Relationship between acreage cost of
production and farm size in paddy farming
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6. CONCLUDING REMARKS

This study attempted to study nature of relationship between farm size and

acreage production in rice farming in the agriculture colonization schemes in Sri

Lanka testing the hypothesis that large farms contributes to higher acreage
production by taking a paddy farm sample from Huruluwewa Agriculture
Colonization Scheme in the Anuradhapura district. The main motive for the study
was the issue of informal land fragmentation in the schemes due to the
limitations for sub-division of land holdings enacted by the Land Development
Ordinance of t935 and increased population pressure. Due to the nature of the
phenomenon, the study employed the quantile regression approach.

The results of quantile regression revealed negative relationship between
farm size and acreage production in paddy farm in the scheme in all quantile but
condition improve since 7th quantile and negative conditional mean value of
variables labor and capital, but significant since 7th and 5th quantiles respectively.

The study identified less productivity of Iand use in the lower quantiles due to the
informality'in land ownership. This is contradict to some findings of other works
which indicate high intensity in use of resources at small farm settings. Further,

the study confirmed resource use inefficiency in informal smallfarm settings and

decreasing trend of returns when the farm size decline from the initially
recognized optimum level. Thus, the study first concludes that informal land

fragmentation has negatively affected for derivation of scale of economies in the
paddy farming in the agriculture colonization schemes. Second conclusion is that
labor intensive nature of the paddy farm is less effective at the upper quantiles

and thus, capital intensive farming - farm mechanization - is encouraged. Thus,

the policies, which aimed to address the informality in the land ownership and

created issues by the informal land fragmentations in the colonization schemes,

should be formulated.
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