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Abstract

The purpose of this paper is to analyze the relationship between farm size and farm performance in Alge-
ria. Unlike most previous studies, this preliminary study uses a large dataset comprising 26 735 farmers
in Biskra region. Two farming sectors are considered, namely: date palm sector (typically a traditional
farming sector) and greenhouse vegetables sector (velatively a modernizing sector) as dominant activi-
ties, to the extent that they represent both 74% of the irrigated farmland in Biskra. The study employs two
farm performance measures, farmland productivity (farm output per hectare) and land use intensity. A
bivariate non-parametric regression (Nadaraya-Watson approach) and multivariate quantile regression
are used to assess the IR in two farming sectors. The main findings show that the IR holds for a traditional
agriculture and does not in a modernizing one. Then, when it holds, it follows a systematically monotonic
smooth pattern, whereas in a highly input-intense modern sector, the relationship becomes, in the best
cases, blurry. The consideration of the nature of the used technology in the underlying sector (i.e., its
stage of development) is of crucial importance as a contingency factor in analyzing the IR for any farming
system ignored in most studies.
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ley, 1987; Garzon Delvaux et al., 2020a). Bous-
sard (2014) nicely formulated this inference by
stating that a large dimension of a farm is not the
guarantee of high productivity. Due to its com-
plexity, it seems that the empirical literature has

1. Introduction

The inverse relationship (IR) between farm
size and productivity has long been of an in-
creasing interest and a controversial issue among

development and agricultural economists. Par-
ticularly in developing countries, the extent to
which small farms use resources efficiently is
particularly relevant for African countries that
seek to modernize their agricultural sector and
make the transition from a subsistence-based to a
market-driven rural economy (Ali & Deininger,
2015). However, the relationship between farm
size and agricultural performance is not clear-
cut in developing economies (Verma & Brom-

failed to reach a consensus (Fan & Chan-Kang,
2005; Gollin, 2019).

The relationship between farm size and farm
performance has been the subject of many em-
pirical tests in large range of countries around
the world. In Algeria, Africa’s most large coun-
try with an agricultural vocation par excellence,
fragmented farmland plots and small-farm sizes
are typical farming units, and should be con-
sidered as a key issue by public policy-makers.
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Small-scale farming is considered as one of key
leverage for Algeria’s public policy to enhance
and promote sustainability and higher perfor-
mance of the agricultural sector since two dec-
ades. Diagnosing scale economies and size ef-
fects on the performance in Algeria is an urgent
requirement for any meaningful policy analysis.
Practically, it seems that no study has addressed
this issue for Algerian context.

However, an understanding the IR may be
important for guiding decision-making among
policymakers and investment decisions within
the private sector (Omotilewa et al., 2020). Ac-
cordingly, as a preliminary analysis for Algeri-
an agriculture, this paper has the advantage of
accounting a very large range of farms (26 735
farmers) in one of the agricultural centers in the
country, namely Biskra region. This may pro-
duce more robust and decisive results different
from prior studies that have typically used to
employ relatively different sampling methods
and household survey data. Hence, one aspect is
highlighted to explain the shape of the IR in the
region, namely: the stage of development of the
studied farm sector.

The date palm sector (typically a traditional
farming sector) and the greenhouse vegetables
sector (relatively a modernizing sector) are both
considered in this study. The date palm farming
is considered as a dominant activity in Biskra
region, not only for now, but also as ancient eco-
nomic activity for local farmers. Nowadays, the
date palm activity represents 71.6% of the total
irrigated farmland in Biskra region (according to
statistics of MADR, 2020). It is a typical tradi-
tional farming activity, and have a considerable
contribution to the national economy and an in-
creasing trend for date exports due to high stand-
ards of dates quality (Cheriet & Benziouche,
2012; Benmehaia, 2019).

On the other hand, greenhouse vegetables
farming is relatively a new activity, which has
been launched and successfully expanded since
2000. As the study of Daoudi & Lejars (2016)
asserts, Biskra is one of those regions where Sa-
haran neo-agriculture (as opposed to traditional
oasis agriculture) has experienced remarkable
development of greenhouse vegetable crops,
which have developed in this region by bring-

ing new breath to Saharan agriculture. However,
this greenhouse production sector includes to-
day 48 254 greenhouses in Biskra (according to
MADR, 2020). The greenhouse farming largely
is known for its intensive use of different inputs
(fertilizers, pesticides, irrigation technologies,
seeds, etc.). This farming activity is considered
as a modernizing sector in Biskra region, to the
extent that it is in its earliest stages of develop-
ment within changing nature of greenhouse pro-
duction technologies.

The difference between the two sectors is fla-
grant for any observer in terms of the state of arts
and the managerial skills. This is why this aspect
is essential in the explanation of any structural
feature of the agricultural sector of any region.

The study employs two farm performance
measures, namely: farmland productivity (phys-
ical output yields) and land use intensity. A
bivariate Nadaraya-Watson non-parametric re-
gression and multivariate quantile regression
models are used to assess the IR in two farm-
ing sectors. To the extent that the IR may not
be considered universal for any crop or at any
time (Garzon Delvaux et al., 2020b), this study
hypothesizes and confirms that the IR holds for
a traditional agriculture and does not in a mod-
ernizing one. When it holds, it follows a system-
atically monotonic smooth pattern, whereas in a
highly input-intense modern sector, the relation-
ship is, in the best cases, blurry.

The rest of the paper is organized as follows.
Section 2 presents a brief literature review on the
IR, while the research methodology (data and
the estimation strategy) is presented in section 3.
The study findings are outlined and discussed in
section 4 and the paper concludes with section 5
drawing out some policy implications.

2. The inverse relationship: A brief story of
“the small and the beautiful”

It is not the aim here to review all studies on
the IR, even partially, to the extent that it is a
difficult task due to the abundant literature. As
the section’s title suggests, a brief sketch is done
in order to give the big picture of the IR, and
stressing some current issues.

“Small is beautiful” is an expression that ag-
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ricultural economists use to refer to a regulari-
ty often observed empirically in the context of
agriculture (and elsewhere in certain economic
activities). It can be summed up as follows: a
small farm is generally more productive (or effi-
cient). It was more often attributed high levels of
performance (whatever measured). This debate
began with the observation of Chayanov (1925,
1927) in the context of Soviet agriculture. Then,
the observation becomes a well-established styl-
ized fact through studies such as those of Sen
(1962, 1966), Schultz (1964), Srinivasan (1972)
and Bardhan (1973) in the context of Indian ag-
riculture. Since then, the literature has become
abundant on this subject in an attempt to exam-
ine this aspect deeply, whether on a theoretical
or empirical level. The literature has advanced
some hypotheses in order to explain this fasci-
nating phenomenon, of which the monumental
study of Berry & Cline (1979) testifies to the ex-
tent of this size-productivity relationship.

The hypothesis that persists until these days,
systematically showing its relevance par excel-
lence, is the hypothesis of labor market imper-
fection, or labor-based explanation: the cost of
labor to family-based farms is lower than the
cost of labor to wage-based farms (Sen, 1964).
Along with this explanation, many others have
been highlighted such as: soil fertility (Kimbhi,
2006; Chen et al., 2011; Barrett et al., 2010),
management ability (Assun¢do & Ghatak, 2003),
technique (Gautam & Ahmed, 2019), risks, etc.
However, the relationship was assumed to be lin-
ear, modeled by a simple linear regression mod-
el. Nonetheless, more recent studies have shown
that the relationship may exhibit nonlinearities,
or it is not even monotonous in some cases.

Presently, the real challenge for agricultural
economists is the issue of the statistical estima-
tion of the size-productivity relationship, while
the explanation is exhausted by a large array of
hypotheses that are appropriately and constant-
ly tested. The shape and pace of this relation-
ship become the cornerstone of this problem.
Moreover, some went beyond that and started to
question the very existence of this relationship,
and contemplate the fact that it is just an artifact.
As stated by Carletto ez al. (2013), a substantial
part of the debate, particularly in recent years,

has focused on whether the IR may be a statis-
tical artifact, stemming from problems with the
available data. One of the current issues on the
IR matter seems to be re-questioning the error
measurements and accuracy in variables.

Unfortunately, the story, of the relationship be-
tween farm size and productivity, has not come
to a happy ending, i.e. definitive empirically
well-established confirmation. According to re-
cent relatively comprehensive reviews of the
literature on the IR, the show goes on and the
image becomes ever hazier. In technical words,
from a briefing on recent reviews (Garzon Del-
vaux et al., 2020a; Garzon Delvaux et al., 2020b;
Gollin, 2019; Scandizzo & Savastano, 2017), the
relationship could be judged as contingent. The
major factor of contingency, still neglected and to
be highlighted here, is the nature of the used tech-
nology at farm- or local-level (which reflects the
stage of development of the studied farm sector).

Some scholars maintain that the IR subsists
only in traditional agriculture, as a characteris-
tic attribute. Deolalikar (1981) affirmed that the
inverse relationship is true only of a traditional
agriculture, and that it breaks down with techni-
cal progress. While Flinn & Buttel (1980) high-
lighted the idea that the social consequences of
increased scale and mechanization in agricultural
production are, of course, exceedingly complex,
(a) changes in the socioeconomic characteristics
of farm personnel, and (b) changes in the charac-
teristics, especially population size and employ-
ment levels, of rural communities. Meanwhile, it
seems that researchers on this matter do not con-
sider (or accentuate) this aspect in their conceptu-
al frameworks. Ignoring this contingency factor
may lead to a serious prejudice in the conclusions
on the shape of the IR whatever the context.

What is certain is that there is no single eco-
nomically optimal agrarian structure; rather, it
appears to evolve with the stage of economic de-
velopment (Rada & Fuglie, 2019). As the study
of Garzon Delvaux et al. (2020a) confirms, the
IR cannot be taken for granted because of em-
pirical complexities in accurately assessing it
and evidence that such a relationship depends
on the performance indicator analyzed and may
not necessarily be systematic, continuous, stable
through time, irreversible or universal.
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3. Research methodology

Data sources

The source of data in this study is the “Com-
prehensive Regional Survey” of Biskra region
relating to the year 2018-19, collected on the
behalf of the Algerian Ministry of Agriculture
and Rural Development (MADR, 2020), by
the Division of Agricultural Services and the
collaboration of the Regional Chamber of Ag-
riculture in Biskra (Algeria). The dataset com-
prises 26 735 farmers. The data includes two
main farming systems of the region, namely:
date palm sector (with 21 502 producers) and
greenhouse vegetables sector (with 5 233 pro-
ducers). The cross-sectional data used covers
all the 33 communes (districts) of the region.
It is noteworthy to stress that Biskra region
have a significant contribution in terms of
agricultural production at national level for
some crop and livestock products. Moreover,
it is a semi-arid pastoral zone with a vocation
in agriculture. It is considered as an agricul-
tural pole at the national level, about a third
of domestic production in 2018. However, at
some extent, the dataset could be represent-
ative at national level, while incontestably, it
is broadly representative for the two farming
systems in the country.

Dependent and explanatory variables

This study utilizes two independent varia-
bles, namely: Yield (¥) and Land Use Intensity
(LUI). This choice is highly constrained by the
available measures in the used dataset. Never-
theless, many other proposed variables would
be more relevant for this matter, such as the
net output per acre, total factor productivity,
technical efficiency, as recommended by Muy-
anga & Jayne (2019), Rada & Fuglie (2019),
Ferreira & Féres (2020) and Helfand & Taylor
(2021). Nevertheless, each measure may have
its own advantages and inconveniences. The
yield measure, computed as the gross value of
output per hectare, is a good proxy for the land
productivity and is considered as the standard
measure in the /R study (Muyanga & Jayne,

2019). While the land use intensity, measured
as the ratio of cropped land on the total farm-
land holding, is a well-established proxy for the
intensity of land use, meanwhile, it should be
noticed that an ideal definition of land use in-
tensity would go beyond the special aspect to
include cultivation practices, use of fertilizers,
etc. (Sampath, 1992).

In the data subset concerning the dates pro-
duction sector, this study uses as explanato-
ry variables the available information about
structural and socioeconomic characteris-
tics of farms, namely: farm size (operational
cropped land in hectares), irrigated land (ef-
fectively irrigated plots in hectares), a mul-
tinomial variable for different irrigation sys-
tems used for each farm, a dummy variable for
farmer specialization in dates production, and
a locational dummy for the 33 communes. The
socioeconomic aspect is reflected by farm-
ers’ age and his farming experience (both in
years), which are considered as good proxies
for farmers’ human capital (Bojnec & Fertd,
2021). For the data subset on greenhouse veg-
etables production sector, due to the avail-
able information in the database, the study
uses only 4 explanatory variables previously
mentioned, namely: farm size, as a mandatory
variable for the IR study, in addition of the ir-
rigation system dummy, farmers’ age and the
locational dummy.

Estimation procedure

The analysis in this study is based on the ne-
oclassical production function approach for the
cross-sectional data form. The function relates
the farm output to some inputs involved in the
production. Its general form is:

Q=f (Xij>
where Q; stands for the output for farm i (name-
ly: productivity, income, net value, etc.) and Xj;
for matrix vector reflecting the used input j in
farm i. For the purpose of this study, the full em-
pirical models to be estimated are specified as:

Yi=a;+BSi+viZi + & [1]

LUI; = ay + B,S; + v2Z; + &5, [2]
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where Y; and LUI, represent the Yield and Land
Use Intensity respectively, S; is the farm size
measure for each farm, Z; is a vector of explana-
tory variables set. The variables are used in lev-
els which provides the most straightforward test
of the relationship between farm size and pro-
ductivity (Muyanga & Jayne, 2019). The main
purpose of the estimation strategy is to find out
the statistical signification and the sign of f; co-
efficients for both farming systems.

Before the final estimation procedure, many
regressions were run to explore the relevance
of the IR in this modeling approach (specifi-
cally: ordinary least squares regression, het-
eroskedasticity-corrected linear model, and
some instrumental regression methods) on the
whole dataset for each farming system. It was
found that the IR holds anyway, with high sta-
tistical significance. This would be misleading

Figure 1 - Kernel density estimates for dates production.

for many reasons: the systematic divergence
between small and large farm scale (Savastano
& Scandizzo, 2017; Scandizzo & Savastano,
2017; Feder, 1985; Cornia, 1985), the distri-
bution of conditional mean of the independent
variables, normality and non-linearity aspects
in regression assumptions. Some of these in-
conveniencies can be demonstrated by the Ker-
nel density estimation of the two independent
variables for both underlying farming systems.

Figures 1 and 2 display the Kernel density of
the dependent variables for dates and greenhouse
vegetables sectors respectively. Both measures
exhibit some anomalies with reference to typi-
cal regression assumptions mainly the apparent
bimodality and the positive skewness along the
whole distribution. Besides, none of the condi-
tional distributions appears to be Gaussian (i.e.,
convergence by central limit theorem). Moreo-

0016
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ver, when a bivariate non-parametric regression
is to be run (using Nadaraya-Watson approach)'
between the used independent variables and the
farm size variable, the estimation results should
exhibit the systematic (or at least contingent) ef-
fects for different ranges of farm size scales.

For these reasons, it seems more appropriate
to estimate equations [1] and [2] by the Quantile
Regression Model.? This econometric approach
seems to relevant and robust in the IR studies
and recently used by Omotilewa et al. (2020),
Savastano & Scandizzo (2017), Scandizzo &
Savastano (2017), Ramoneda & Pene (2017),
Evenson & Mwabu (2001).

4. Results and discussion

Tables 1 and 2 show the main characteristics
of farms in both underlying farming systems.
The first, Table 1, displays the descriptive statis-
tics of variables used for dates production, and
Table 2 for the descriptive statistics in green-
house vegetables production.

For dates production sector, small farms are
less than 2 ha, medium farms scale is between
2 and 10 ha, large scale is to be more than 10
ha. Whereas, in a highly input-intensive farming
sector such as in relatively modernizing farming
systems, farmland area is not the critical factor
for scale. However, in this case specifically, the
number of greenhouses (GH) is more relevant
and informative. By doing so, the small scale is
for farms having 3 or less greenhouses, medium
scale is between 4 and 9 greenhouses and large
farms scale is to have more than 10 greenhouses.
This classification takes into consideration the
common regional farming patterns specificities.

The last column for both tables represents the
full dataset. Records in this column seems to be
less informative and non-relevant for the IR sub-
ject due to large range of the sample. Records in
the three scale categories are more instructive.

For dates production sector, small, medium and
large scales represent 33.7%, 52.6% and 13.6%
respectively, which imply that the medium farm
size is the dominant scale in this sector, having in
average 5.8 ha for the size, 3.2 ha as irrigated area,
64% of them are specialized in dates production.
Small farms, by having an average size of 1.3 ha,
are more likely irrigated (1 ha), and more strict-
ly committed and specialized (85%), while large
farms have in average 22 ha as farm size mean,
with largely less irrigated area (about 10 ha) and
they are less specialized (53%). Age and experi-
ence do not exhibit any significant differences in
terms of the underlying scales. For greenhouse
vegetables production sector, it seems that the
three scale categories are uniformly distributed
(28.8%, 34.8% and 36.3% for small, medium and
large farms respectively). The farm size and farm-
ers’ age do not seem to exhibit any significant dif-
ferences in terms of the underlying scales.

In terms of the used independent variables,
some empirical regularities could be highlighted.
For dates production sector, the IR is obviously
remarkable. Small scale has higher performanc-
es in terms of yields (80 Qx/ha) and land use
intensity (about 77%). Medium scale is associ-
ated with intermediate performances (32 Qx/ha
for yields and 58% for the LUI). The large-scale
farms present lower performances (17 Qx/ha for
yields and 45% for the LUI). What makes this
blatant regularity unintelligible is their respec-
tive variabilities in terms of standard deviations.

For greenhouse vegetables production sector,
the picture is ambiguous from the beginning. At
the first sight, it seems that the inference exhibits
a reverse relationship rather than an IR, i.e., a
positive relationship. More specifically, for both
independent variables, small-scale farms are as-
sociated with low performances, and larger ones
with higher performances. Once again, the var-
iability of the underlying records cannot lead to
any inference or interpretation ambiguous.

! Developed initially by Nadaraya (1964) and Watson (1964), it is one of the nonparametric regression techniques
known to estimate a locally weighted average in order to find a nonlinear relationship between a pair of random vari-
ables. See Hérdle & Linton (1994) for further details of the Nadaraya-Watson nonparametric regression.

2 Quantile regression model estimates the conditional quantiles of the independent variable. It is one of the alter-
natives of the linear regression used when the assumptions of the linear regression are violated. See Koenker et al.

(2017) for further details of the Quantile regression model.
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Small Scale Medium Scale Large Scale
Full Dataset
ha<2 2<ha<l10 ha > 10
Sample size 7259 11317 2926 21502
Percentage 33.76% 52.63% 13.61% 100%
Dependent variables
v 80.39 32.23 17.44 46.47
(52.24) (33.34) (21.98) (46.47)
LUI 76.75 58.55 45.19 62.88
(29.02) (37.67) (35.86) (36.38)
Independent variables
Farm size 1.35 5.83 22.88 6.64
(0.53) (2.55) (23.91) (11.27)
Irrigated land 1.03 3.27 9.97 3.42
(0.54) (2.65) (14.42) (6.31)
Specialization 0.85 0.64 0.53 0.70
(0.35) (0.48) (0.50) (0.46)
Age 57.50 56.96 56.18 57.04
(16.12) (15.84) (15.86) (15.94)
Experience 14.66 14.81 14.95 14.78
(4.81) (4.29) (4.85) (4.55)
Note: Values in parentheses represent the standard deviation.
Table 2 - Descriptive statistics for variables used for greenhouse vegetables production.
Small Scale Medium Scale Large Scale
Full Dataset
GH<3 4<GH<Y GH > 10
Sample size 1509 1 821 1903 5233
Percentage 28.83% 34.80% 36.37% 100%
Dependent variables
v 21.98 24.82 27.59 25.01
(7.74) (3.26) (24.46) (15.60)
LUI 9.95 6.63 14.70 10.52
(41.48) (14.35) (22.13) (27.52)
Independent variables
Farm size 0.26 0.27 0.75 0.44
(1.01) (0.97) (1.32) (1.15)
Age 49.77 52.56 50.01 50.83
(16.72) (16.75) (15.78) (16.44)

Note: Values in parentheses represent the standard deviation.

A much clearer picture of the relationship be-
tween farm size and farm performances (yield
and land use intensity) emerges when examining
the relationship by running a Nadaraya-Watson
non-parametric regression. The variables are used
here in logarithms (not in levels) in order to better
fit with data and to alleviate the weights of outliers.

Figure 3 displays the resulted regression fit
for performance measures for dates production
sector (yields in panel A and LUI in panel B).
The IR is noticeably observed in which both
measures decline with farm size for all ranges.
This is the well-established IR results found by
most studies on the matter. For this dataset, the
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Figure 3 - Nadaraya-Watson non-parametric regression results for performance measures in palm dates production.

A) -

Iniyeld)

Inifarm siz¢]

B) :

In{R1ITY

Inifarm size]

production.

Figure 4 - Nadaraya-Watson non-parametric regression results for performance measures in greenhouse vegetables
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relationship between farm size and yields (or
land use intensity) is relatively steep and down-
warding. Figure 4 presents the same procedure
results for greenhouse vegetables production
sector (yields in panel C and LUI in panel D).
It is remarkable that the relationship is slightly
positive for LUI measure (panel D), whereas for
yield measure, it is quite neural (no clear effect)
for small scale (less than 2 GH), and it becomes
more ambiguous for other ranges (without a
smooth fit). However, for both farming systems,
it is possible that other structural or socioeco-
nomic effects may have an influence on these
bivariate relationships; hence, multivariate anal-
ysis is required.

Tables 3 and 4 summarize the results of the
quantile regressions for the two underlying
farming systems. Table 3 represents results of
cross section quantile regression of the IR in
dates production, and Table 4 for greenhouse
vegetables production.

The different types of regressions, whether in
the pre-processing of the data or those that are
actually reported, always present a high level of
robustness and overall significance (by adjusted
R? and F-tests). The coefficients of the explana-
tory variables (other than farm size) are general-
ly significant throughout the deciles examined.
Their detailed interpretation is of no interest
here since their inclusion is only to eliminate
their effects in the regression.

The variable of interest here is the farm size
for both performance measures (Y and LUI).
The most striking result is that the coefficients
of this variable are highly significant with nega-
tive magnitudes, and this is for all deciles in the
dates sector (Table 3), without any exceptions.
This provides an evidence that the IR holds for
this sector. While in the greenhouse vegetables
sector, this variable shows negative and statis-
tically significant values up to the third decile
(Qo3). Beyond that, the magnitudes become

10
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Table 3 - Results of cross section quantile regression of the IR in dates production in Algeria (N = 21 502).

s Low performance Median High performance

Oo.1 | Qo2 | Qo3 | Qo4 Oo.s Qo.s | Qo7 | Oo.s | Oos
Physical Yield (Y)
Farm size 0.87%%x | Logrex | L1oeex [ 1oseer [ 1azees | apees | seees | 5o | g ppeer
Irrigated land 001% | 001% | 0050 | 020%rx | 0.54xex | 077w | ogarer | 0750 | 029%
Irrigation system | 0.06** | 004 | -003 | -007 0.05 0.16 -0.06 0.10 0.15
Specialization 3.88%%% | 7.010ex | 1187%%x | 1739%xx | 26230xx | 33.82%%x | 43610 | s481% | 60.31%0x
Farmers’ age 0.01%%% | 0,000 | 0.009%* | -0.02%% | 0020 | 0.040r¢ | 0045 | 001 | 001
:i;:ﬁgce 0.03%%% | 0.13%%% | 014%%% | 016¥0% | 0.19%% | 00005 | -0.18% | -0.53#xx | 195
Communes 0003 | 0009 | -001% | -0.03%* | 005 | .0.08%** | -0.06%** | -0.08%** | 021
Const. 11.82%%% | 14.44%%% | 16,18%%% | 19.47%%% | 23.04%%% | 3138%k% | 410700 | 5642%%% | 95.88%r*
Land Use Intensity (LUI)
Farm size 2838k | 4.13%%% | 4630%% | 550%kx | 55geer | 50300k | 4 30wee | 303w | ] g eer
Irrigated land 494wer | 7opmex | gogrex | garer | glower | 63peex | 463eex | 303wex | ] gpwer
Irrigation system |  0.05 0,01 014 | 018 | 0002 | 002 002 | 0.00004* | 0.0003
Specialization 6.51%%% | 9g5kex | Gaqrrx | 700k | 10.80%** | 11.96%k* | 4.11%xx |0.0007%%x | 0.02%%
Farmers’ age 0,044 | 0.07%%x | 0050 | 002¢¢ | 001 | 0003 |0004%** |0.0001%| 0.002
erIr)I:r?:;’ce 0510k | 086kxx | 077 | 0750k | 0.97%%x | 1.05%%x | 03000 |0.0004%%% | 0.0009%**
Communes 002¢ | 003 | 001 001 | 006 | 001 | -0006* [-0.0002¢%%| -0.004
Const. 176300 | 25.04%0 | 36.50%% | 46.94%%x | 51.20%%x | 62.61%%x | 89.24%+x | 99.99%x | 99 97w

Note: Asterisks indicate the significance levels: *** for 1%, ** for 5% and * for 10%.

Table 4 - Results of cross section quantile regression of the IR in greenhouse vegetables production in Algeria
(N =5233).

Tt Low performance Median High performance

Q. | Oo.2 | Oos | Oo.4 Oos Oo.s | Oo.7 | Oos | Ooy
Physical Yield (Y)
Farm size -5.39%k | 2.07%F% | -0.06%** | -0.00002 | -0.00002 | -0.00002 | -0.00002 | -0.00003 | -0.00004
Irrigation system | -0.042*** | -0.016*** |-0.0008***| -0.00009 | -0.00006 | -0.00001 | -0.00001 | -0.00002 | -0.00008
Farmers’ age -0.002*** 1-0.0005*** | 0.000007* | 0.000008 | 0.000003 | 0.000006 | 0.000008 | 0.00001 | 0.00008
Communes -0.001*** | -0.003*** [-0.0001***| -0.00002 | -0.00005 | -0.00009 | -0.00001 | -0.00002 | 0.00003
Const. 25.58%*% | 25.30%** | 25.01*%** | 25.00% 25.00* 25.00% 25.00%* 25.00%* | 25.00%**
Land Use Intensity (LUT)
Farm size 0.37%%% | 0.53%** | Q.72%%* | (0.80%** | 0.88%** | (.95%%* | 0.94%%*% | 090%** | (.72%**
Irrigation system | 0.10%** | 0.09%*% | Q.11%** | 0.12%%% | (.15%F*% | (. 15%F% | (. 17%%% | . 17%%* | (.18%**
Farmers’ age -0.008*** | -0.008*** | -0.008*** | -0.009*** | -0.009%** | -0.008*** | -0.010%** | -0.011%** | -0.012%***
Communes 0.004%* | 0.01%** [ 0.01*** | 0.01%** | 0.01%** [ 0.02%%* | 0.02%** | 0.02%** | (.04%**
Const. 0.23%%% | 0.59%** | Q.79%k* | 0.99%** | ] 3FE* | ] 20%kF | [53FEE | ] gSREF | D 3wk

Note: Asterisks indicate the significance levels: *** for 1%; ** for 5% and * for 10%.
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Figure 5 - Coefficient estimates of farm size in each quantile for dates production.
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almost zero along with their respective signi-
fication levels from the fourth decile (for the ¥
measure). Nevertheless, for the LUI measure,
the coefficients keep a high level of significance
but surprisingly with positive magnitudes.

A more in-depth examination of the farm size
coefficients in both cases should lead to conclu-
sive results on the shape of the relation. To do
this, a post-estimation plot is made for the farm
size coefficients estimated by the four quantiles
regression models. Figures 5 and 6 show the re-
sults of such a procedure. Figure 5 displays the
coefficient estimates of farm size in each quan-
tile for dates production and Figure 6 for green-
house vegetables production.

Concerning the dates sector, the effect of the
farm size variable on yield (Y) has negative mag-
nitudes for all deciles which evolve along the 10
deciles as follows: values are in descending or-
der up to seventh decile (Qo7), i.e., at a maxi-
mum slope of —1.56, beyond this level the curve
becomes less steep. For the effect of the farm
size variable on the land use intensity (LUI), the

curvature takes almost the same shape, except
that here a kind of inflection point appears in
the middle, i.e., at the median (Qos), where the
curve becomes less steep from the median with
a maximum value of the coefficient at —5.58.
However, the two pictures of the evolution of
the farm size coefficients taken together provide
a visible evidence that the IR takes a curvature
of a decreasing hyperbola with the abscissa axis
as an asymptote.

However, the analysis and the post-estimation
results of the cross-sectional quantile regression
for the greenhouse vegetables sector suggest a
different picture. The relationship between the
farm size and productivity for low performance
farms (low productivity) is negative and rela-
tively steep until the third decile (Qo3). Never-
theless, from the fourth decile (Qo.4), the relation
becomes neutral, where the magnitude will be
zero because of the large variability in terms
of the standard error of coefficient estimates
throughout the remained deciles (having a very
large confidence interval). Therefore, the rela-
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tionship does not take any clear curvature. It be-
comes superfluous on a wide spectrum of scales.
While the relationship between farm size and
land use intensity (LUI) is clearly positive with
values in ascending order up to the seventh de-
cile (Qo.7) becoming less steep at the end, what-
ever also positive. The two cases here provide
visible evidence that IR does not hold, on the
contrary, the reversed relationship is likely true.

Our major findings suggest that farm size and
farmland productivity (or intensity) are system-
atically related in a typical traditional farming
system, whereas in a highly input-intense mod-
ern sector, the relationship becomes positive (or
at least ambiguous).

The overall picture emerging from this
study is that the IR holds between farm size
and the two measures of farm performance in
a traditional farming system, while not for a
modernizing farming system, at least for Al-
gerian agriculture. Regardless of whether per-
formance is defined in terms of yield or land
use intensity, the IR is indeed found to hold
for any range of dates farm scales. In a high-
ly input-intense farming system, such as the
greenhouse vegetables production, the rela-
tionship between farm size and farm produc-
tivity is ambiguously positive.

Another consideration should be highlighted
reflecting the fact that more attention is needed
in the use of farm performance measures to the
extent that land productivity measure is prob-
lematic and potentially misleading when used
in modernizing agricultural contexts (Helfand
& Taylor, 2021). In explaining the IR patterns,
however approached, the stage of development
in the underlying farming sector is crucial, as
confirms few previous studies such as Ghose
(1979), Dyer (1991) and Rada & Fuglie (2019).
They provide a relevant potential explanation
for the fact that the IR may hold in a static rel-
atively backward agriculture, and vanish along
with advanced technological innovations. The
argument is that, in the dynamic context of tech-
nical innovation, the greater access to the new
inputs by the large-scale labor-hiring farms and
their inherent scale advantages lead to the dis-
appearance of the inverse relation in technically
advanced farming systems.

These findings, which seem confirmed along
a vast set of cases around the world, suggest
that the ubiquitous IR relationship reported by
previous literature may have been an artifact of
the presumption that the relationships observed
were linear and omnipresent without a consid-
eration of the stage of development in the un-
derlying farming sector. It appears that the re-
lationship is pronouncedly monotonous in static
traditional farming systems, and it is drastically
different across farms in a modernizing farming
sector, depending on their position on develop-
ment stages of the modernization process. The
policy implications of these findings are also
significant. For farms in the highest performanc-
es in a modernizing farming sector, this result in
fact implies that some land expansion may be
beneficial, but lack of management ability will
create diseconomies of scale so that better man-
agement and technology are needed more than
land increases. Furthermore, the argument that a
redistribution of land from the large to the small
farms will increase yields and hence agricultural
output cannot be extended to a farming system
experiencing technical changes and moving to-
wards a more input-intensive use.

5. Conclusion

This study examines the relationship between
farm size and farm performance over a very large
range of Algerian farms than has typically been
examined in Africa or the Mediterranean. To our
knowledge, this is the first study to examine the
farm size-productivity relationship in Algeria.
Most prior farm size-productivity studies in dif-
ferent countries rely on household surveys data
for which there are relatively few observations.
This study is therefore motivated by the need to
understand whether the well-established inverse
farm size-performance relationship holds when
a broader range of farms sample is considered.

The study uses a dataset comprising 26 735
farmers in Biskra region where two farming
sectors are considered, namely: date palm sec-
tor (as typically a traditional farming sector) and
greenhouse vegetables sector (as a relatively
modernizing sector). The study employed two
farm performance measures, farm productivity
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(measured by farm output per hectare) and land
use intensity. A bivariate non-parametric regres-
sion (Nadaraya-Watson approach) and multivar-
iate quantile regression are used to assess the IR
in two farming sectors.

The major finding suggests that farm size and
farmland productivity (or intensity) are system-
atically related in a date palm farming system,
whereas in the greenhouse vegetables sector,
the relationship becomes positive (or at least
ambiguous). This provides evidence that the
IR holds for a static traditional agriculture and
does not in a modernizing one. Furthermore,
when it holds, it follows a monotonic smooth
pattern, whereas in a highly input-intense mod-
ern sector, the relationship becomes, in the best
cases, blurry. Accordingly, the consideration of
the nature of the used technology in the under-
lying sector (i.e., the stage of development in
the studied farming sector) is of crucial impor-
tance as a contingency factor in analyzing the
IR for any farming system.

A natural extension to this study is the deeper
analysis of the underlying causes of the farm
size heterogeneity regarding farm performance
and efficiency in each farming sector. Identify-
ing the factors that accounts for the relationship
between farm performance and farm size in Al-
gerian agriculture is of paramount importance
to enhance the efficiency of public intervention
through the long-standing failures of agrarian
reform policies since 1970s.

Acknowledgment

The author is indebted to Jean-Marc Boussard
and Milu Muyanga for their helpful comments
on earlier versions of this paper.

References

Ali D.A., Deininger K., 2015. Is there a farm size—
productivity relationship in African agriculture?
Evidence from Rwanda. Land Economics, 91(2):
317-343.

Assungdo J.J., Ghatak M., 2003. Can unobserved
heterogeneity in farmer ability explain the inverse
relationship between farm size and productivity.
Economics Letters, 80(2): 189-194.

Bardhan PK., 1973. Size, productivity, and returns
to scale: An analysis of farm-level data in Indian
agriculture. Journal of Political Economy, 81(6):
1370-1386.

Barrett C.B., Bellemare M.F., Hou J.Y., 2010. Recon-
sidering conventional explanations of the inverse
productivity—size relationship. World Development,
38(1): 88-97.

Benmehaia M.A., 2019. Farmers’ income risks and
marketing channel choices: Case of date palm
processing in Biskra, Algeria. New Medit, 18(3):
47-58.

Berry A.R., Cline W., 1979. Agrarian Structure and
Productivity in Developing Countries. Baltimore:
Johns Hopkins University Press.

Bojnec S., Fert6 1., 2021. Does human capital play
an important role in farm size growth? The case of
Slovenia. New Medit, 20(1): 57-69.

Boussard J.M., 2014. L’agriculture familiale face
aux économies d’échelle. La revue de I’Académie
d’agriculture, 348: 5-10.

Carletto C., Savastano S., Zezza A., 2013. Fact or arti-
fact: The impact of measurement errors on the farm
size—productivity relationship. Journal of Develop-
ment Economics, 103: 254-261.

Chayanov A., 1925. Peasant Farm Organization.
Trans. by R.E. Smith (1966). Homewood: The
American Economic Association, 30-251.

Chayanov A., 1927. The Theory of Peasant Co-opera-
tives. Trans. by D.W. Benn (1991). Columbus: Ohio
State University Press.

Chen Z., Huffman W.E., Rozelle S., 2011. Inverse re-
lationship between productivity and farm size: The
case of China. Contemporary Economic Policy,
29(4): 580-592.

Cheriet F., Benziouche S.E., 2012. Structure et
contraintes de la filiére dattes en Algérie. New Me-
dit, 11(4): 49-57.

Cornia G.A., 1985. Farm size, land yields and the
agricultural production function: An analysis for
fifteen developing countries. World Development,
13(4): 513-534.

Daoudi A., Lejars C., 2016. De I’agriculture oasienne
a I’agriculture saharienne dans la région des Zibans
en Algérie : Acteurs du dynamisme et facteurs d’in-
certitude. New Medit, 15(2): 45-52.

Deolalikar A.B., 1981. The inverse relationship be-
tween productivity and farm size: A test using re-
gional data from India. American Journal of Agri-
cultural Economics, 63(2): 275-279.

Dyer G., 1991. Farm size-farm productivity re-exam-
ined: Evidence from rural Egypt. The Journal of
Peasant Studies, 19(1): 59-92.

14



NEW MEDIT N. 3/2022

Evenson R.E., Mwabu G., 2001. The effect of agri-
cultural extension on farm yields in Kenya. African
Development Review, 13(1): 1-23.

Fan S., Chan-Kang C., 2005. Is small beautiful? Farm
size, productivity, and poverty in Asian agriculture.
Agricultural Economics, 32: 135-146.

Feder G., 1985. The relation between farm size and
farm productivity: The role of family labor, super-
vision and credit constraints. Journal of Develop-
ment Economics, 18(2-3): 297-313.

Ferreira M.D.P., Féres J.G., 2020. Farm size and Land
use efficiency in the Brazilian Amazon. Land Use
Policy, 99: 104901.

Flinn W.L., Buttel F.H., 1980. Sociological aspects of
farm size: Ideological and social consequences of
scale in agriculture. American Journal of Agricul-
tural Economics, 62(5): 946-953.

Garzon Delvaux P.A., Riesgo L., Gomez y Paloma S.,
2020a. Farm size-performance relationship: A re-
view. JRC Science for Policy Report. Luxembourg:
Publications Office of the European Union.

Garzon Delvaux P.A., Riesgo L., Gomez y Paloma S.,
2020b. Are small farms more performant than larg-
er ones in developing countries? Science Advances,
6(41): eabb8235.

Gautam M., Ahmed M., 2019. Too small to be beauti-
ful? The farm size and productivity relationship in
Bangladesh. Food Policy, 84: 165-175.

Ghose A.K., 1979. Farm size and land productivity
in Indian agriculture: A reappraisal. The Journal of
Development Studies, 16(1): 27-49.

Gollin D., 2019. Farm size and productivity: Lessons
from recent literature. IFAD Research Series, no.
34. Rome: International Fund for Agricultural De-
velopment.

Hirdle W., Linton O., 1994. Applied nonparametric
methods. In McFadden D.F., Engle R.F. (eds.), The
Handbook of Econometrics, Vol. 1V. Amsterdam:
North Holland, pp. 2295-2339.

Helfand S.M., Taylor M.P., 2021. The inverse rela-
tionship between farm size and productivity: Refo-
cusing the debate. Food Policy, 99: 101977.

Kimhi A., 2006. Plot size and maize productivity in
Zambia: is there an inverse relationship? Agricul-
tural Economics, 35(1): 1-9.

Koenker R., Chernozhukov V., He X., Peng L., 2017.
Handbook of Quantile Regression. Boca Raton, FL:
CRC Press.

MADR, 2020. Report of the Comprehensive Regional
Survey of Biskra 2018/19. Final Report. Direction de
Services Agricoles, Wilaya de Biskra. Ministére de
I’ Agriculture et de Développement Rural, Algérie.

Muyanga M., Jayne T.S., 2019. Revisiting the farm

size-productivity relationship based on a relative-
ly wide range of farm sizes: Evidence from Ken-
ya. American Journal of Agricultural Economics,
101(4): 1140-1163.

Nadaraya E.A., 1964. On Estimating Regression.
Theory of Probability and Its Applications, 9(1):
141-142.

Omotilewa O.J., Jayne T.S., Muyanga M., Aromo-
laranc A., Liverpool-Tasieb L.S.O., Awokuseb T.,
2020. A revisit of farm size and productivity: Em-
pirical evidence from a wide range of farm sizes
in Nigeria. Paper presented at the Agricultural &
Applied Economics Association Annual Meeting,
Kansas City, Missouri, July 26-28.

Rada N.E., Fuglie K.O., 2019. New perspectives on
farm size and productivity. Food Policy, 84: 147-152.

Ramoneda B.M., Pene J.K., 2017. Factors affecting
productivity of upland and lowland rice farms in
Matalom, Leyte: A quantile regression approach.
Review of Socio-Economic Research and Develop-
ment Studies, 1(1): 59-76.

Sampath R.K., 1992. Farm size and land use intensi-
ty in Indian agriculture. Oxford Economic Papers,
44(3): 494-501.

Savastano S., Scandizzo P.L., 2017. Farm Size and
Productivity: A “Direct-Inverse-Direct” Relation-
ship. Policy Research Working Paper 8127. Wash-
ington: World Bank, Global Indicators Group.

Scandizzo P.L., Savastano S., 2017. Revisiting the
farm size—productivity relationship: New evidence
from Sub-Saharan African countries. In: Pingali P.,
Feder G. (eds.), Agriculture and Rural Develop-
ment in a Globalizing World: Challenges and Op-
portunities. London: Routledge, pp. 26-55.

Schultz T.W., 1964. Transforming Traditional Agri-
culture. New Haven: Yale University Press.

Sen A.K., 1962. An aspect of Indian agriculture. The
Economic Weekly, 14(4-6): 243-246.

Sen A.K., 1964. Size of holdings and productivity.
The Economic Weekly, 16: 323-326.

Sen A.K., 1966. Peasants and dualism with or without
surplus labor. Journal of Political Economy, 74(5):
425-450.

Srinivasan T.N., 1972. Farm size and productivity
implications of choice under uncertainty. Sankhya:
The Indian Journal of Statistics, 34(4): 409-420.

Verma B.N., Bromley D.W., 1987. The political econ-
omy of farm size in India: The elusive quest. Eco-
nomic Development and Cultural Change, 35(4):
791-808.

Watson G.S., 1964. Smooth regression analysis.
Sankhya: The Indian Journal of Statistics, 26(4):
359-372.

15





