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Abstract

Favourable climate conditions and the long tradition of rice cultivation as a main source of livelihood
is essential base for a large portion of the population in the Kochani valley. The low productivity levels and
high production costs put major limitations on the competitiveness on markets, mainly due to inadequate
and obsolete cultivation practices applied. In addition, the common cultivation methods contribute to the
destruction of environment and agroecosystems by intensive use of natural resources and agrochemicals. To
that end, the NCP project implemented activities for adaptation of sustainable rice practices at 30 farmers,
members in the association ,Rice Tiller’, Cheshinovo, for the period of three years (2017-2019). Primarily,
sustainable rice practices used by farmers consisted of: laser land levelling, use of certified seed material and
reduced seed quantity, controlled use of fertilizers and agrochemicals and controlled use of water. Two sowing
variants are implemented and tested, one by using seeding machine on dry soil and the another with manual
seed broadcasting onto the watered soil. In this paper, data gained from the farmers’passports, where regularly
all agrotechnical measures and costs were recorded, are processed with the use of descriptive statistics and
empirical methods of analysis. The outcomes demonstrate that the introduction of sustainable rice production
results in efficient use of natural resources and reduced production costs, especially with dry-seeding method,
which is fundamental for mitigation of food unsafety, biodiversity loss, soil degradation and environmental
pollution, and at the same time for increasing rural households’ revenues.

Keywords: natural resources, Gross Margin, Cobb-Douglas production function, technical efficiency,
allocative efficiency

INTRODUCTION

Rice (Oryza sativa L.) has long tradition of
cultivation in the Republic of North Macedonia.
The favourable ecological conditions offer
potential for high yield and quality rice
production which can meet European and
world quality standards (llieva et al., 2017). In
all the cereals cultivated in the country, the
rice share is around 3% (llievski et al., 2015).
Rice production has an important role in the
country’s economy, because not only does
it provide sufficient supply for the domestic
market, it is also an export-oriented industry

(Angelova et al., 2018). This can be seen from
Tab. 1 where it shows that in the overall analyzed
period of 5 years (2015 - 2019), the average total
rice production (22,682 tons in average) covers
the needs of the domestic market (17,375 tons
in average) with 134% of average degree of self-
supply, enabling conditions for export as well.
The export of rice quantity for the same period
accounts 5,642 tons, with sharing of the import
quantity in the total export by 6%.
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Table 1. Supply and demand balance of rice in the North Macedonia, 2015 - 2019

Year 2015 2016 2017 2018 2019 Average
Production (tons) 30,527 24,792 17,080 19,732 21,278 22,682
Import (tons) 247 205 434 201 591 336
I Total supply

(tons) 30,774 24,997 17,514 19,933 21,869 23,017
Domestic

consumption (tons) 27,277 17,963 11,466 13,834 16,336 17,375
Export (tons) 3,497 7,034 6,048 6,098 5,533 5,642
Il Total

consumption

(tons) 30,774 24,997 17,514 19,933 21,869 23,017
Degree of self-

supply (%) 112 138 149 143 130 134

Source: SSO, 2020; SSO, Makstat-Database

The official statistics show that there is
4,067 ha on average planted area with rice for
the period from 2015 till 2019, ranging from
5,018 ha in 2015 to 3,555 ha in 2019, with the
lowest values in 2018 (3,222 ha). The average
yield for the same period accounts 5,699 kg/ha

with lowest value in 2016 which is 4,919 kg/ha
and highest in 2015 and 2018 with 6,124 kg/ha
(Tab. 2).

Table 2. Sown area and average yields of rice production in the North Macedonia, 2015-2019

Year Sown area (ha) Average yield of paddy rice (kg/ha)
2015 5,018 6,124
2016 5,040 4,919
2017 3,500 5,217
2018 3,222 6,124
2019 3,555 6,113
Average 4,067 5,699

Source: SSO, 2020

The size of the rice fields has a downward
trend, especially when it is compared with rice
planted areas in the past when the total rice
fields accounted for more than 6,000 ha (e.g.
there were 6,056 ha with rice in 1989 and 8,880
ha in 1990) (Andreevska et al., 2013). Regarding
its location, rice is mainly concentrated in the
Eastern part of the Republic of North Macedonia,
along the course of the river Bregalnica, in the
regions of Kochani, Shtip, Vinica and Blatec. It is
also cultivated on smaller areas in the regions of
Veles and Probishtip (Andreevska et al., 2018).
The valley of Kochani belongs to the group
of, so called, continental submediteranean
areas, which are characterized by the most
expressive translations of the Continental
and Mediterranean climate and with high
temperature amplitudes (Andreevska et al,
2013). The temperature sum during the rice
vegetation in the Kochani region is in the frame

from 2700°C to 4500°C (ibid). The essential
growing conditions, such as heat, light as well
the availability of irrigation water makes this
area suitable for rice growing. In addition to this,
high mountains on the border of the valley give
it a special characteristic climate of this region
adequate for rice production (ibid).

In terms of the variety structure,
Macedonian rice varieties are little or not
present at all, and the most common are Italian
and Turkish varieties. From the Italian varieties,
San Andrea is the most widespread, but also
Galileo, Bianca, Brio, Ellebi, Opale, Arpa and
Onice. From the Turkish varieties, farmers mostly
plant Halilbey, Gala and Gonen (Andreevska et
al, 2018).

In regard to common practices, the usual,
traditional seeding method in the country is
wet seeding into standing water (previously
soaked seeds are manually broadcasted in
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water bed). These agricultural practices require
high water consumption, high labour work,
increased production costs, inadequate crop
density with negative effects on the rice yield.
Sowing by using seed drills on dry soil is not
a common practice. Rice is usually grown on
the same areas for many years without crop
rotation (Andreevska et al., 2018) and high
inputs of agrochemicals (Niswati, 2014). Land
leveling of the rice fields is not commonly
applied. The irrigation, which is by method of
flooding, is continuous with periodical drainage
and drying the rice field according to the needs
for treatment of herbicides (Andreevska et al,,
2013).

Beside the favourable soil and climate
conditions, long tradition and economic
significance of this agricultural product, rice
growing is facing many challenges in the last
several decades. High costs of agrochemicals
for plant protection, fertilizers and high fuel
price resulted in decrease of rice production
and replacing it with another crops such as
wheat, barley and corn. Other reasons for
reduced rice cultivation are the environmental
stresses, water scarcity and the ruined
hidrosystem which has the main role for the
agriculture in Kochani valley. Old agricultural
machinery is also an important factor which
limits the expansion of production, increases
costs for depreciation and fuel and generates
dificulties in land cultivation, harvesting and
environmental pollution (Mihov etal.,, 2017).The
competition on the international rice market is
very strong, especially competition from Asian
countires and causes market distortion on the
rice produced in the country. Production of
quality seed materials is also one of the crucial
problems in the rice production, since there is
no domestic production of the basic and lower
seed categories, so the farmers either depend
on imported certificate seed materials or use
their own seed materials from the previous year,
which results in lower yields (MnageHoBcku et
al., 2012). In order to encourage farmers to
use certified seed materials, the state through
direct subsidies provides additional support of
5,000 MKD/ha from the main support per ha
(25,000 MKD/ha), if they provide and use this
seed materials (AFSARD, 2020). Unfortunately,
there has been no production of a certified
seed material in the country for a longer period,
therefore this direct payment measure is not

commonly used by farmers. Because of that,
one of the aims of the study is also to address
this issue and to motivate farmers for using
of better quality of seed materials. All these
factors have negative socio-economic impact
to farmers and causes abandoning of the rice
fields and replacing rice with other crops. Also,
many rice producers migrate from rural areas
to cities or out of the country, or becoming
employed in other industries in the place where
they live. This is particularly evident among
young farmers.

Continuous application of agrochemicals
may damage the soil and cause decreased
soil productivity and biodiversity, as well as
increased pest attacks and methane emissions
(Niswati, 2014). Various types of organisms
live in wetland rice and each of them interacts
with others to form a specific food chain (Ali,
1990; Roger et al., 1993). The conventional
rice production what imply intensive use of
agrochemicals, reduces the number of edible
species traditionally harvested from rice fields,
such as snails, prawns, crabs, large water bugs
and frogs (Heckman, 1979). The direct or
indirect effect of one organism on another will
affect the community structure of the wetland
rice organisms, which consist of nematodes,
microcrustacea, protozoa, insect larvae, algae,
mollusca, and oligochaetae (Mogi, 1993). As
the organisms interact with each other, their
populations are also affected by environmental
factors, including fertilizer and pesticide
application, water management, and crop
variety (Simpson et al., 1994).

The agricultural practices which are usually
adopted in flooded rice cultivation may have a
significant impact on the environment (Ferrero
& Tinarelli, 2007). Besides its influence on the
water use efficiency and grain yields, water
management practices may also strongly
alter hydrological regimes and soil moisture
conditions, as a function of pedoclimatic
conditions (Sacco et al, 2012; Zhao et al,
2015). Resulting changes in soil redox
conditions are known to influence a variety
of processes controlling nutrient distribution,
transformation, losses, and bioavailability for
rice crops (Cucu et al., 2014; Said-Pullicino et
al., 2014), as well as greenhouse gas (GHG)
production and emission to the atmosphere
(Tyagi et al., 2010). Under flooded conditions
significant amounts of nutrients (especially
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nitrogen, N) may be lost by leaching and runoff
during the cropping season, with important
implications on water quality (Katoh et al.,
2004). These processes, together with the biotic
and abiotic immobilization of N (Cucu et al.,
2014; Said Pullicino et al., 2014) and gaseous
losses into the atmosphere as NH,, NO and N,
via volatilization and nitrification/denitrification
(Cassman et al, 1998) might strongly limit
plant N availability and fertilizer use efficiency,
consequently affecting yields (Nie et al., 2009).

Since production of rice usually requires
large flooded areas, many greenhouse gases
are generated which significantly contributes
to global warming. Cultivation of rice is
responsible for the release of carbon dioxide,
methane, nitrogen oxides and its derivatives (de
Miranda et al., 2015). Rice cultivation generally
takes place in irrigated fields to maximize crop
yields but constant water supply stimulates
anaerobic soil environment formation which
augments the methane (CH,) emissions (Liu
et al,, 2013). In fact, rice paddy is the primary
anthropogenic source of methane, accounting
11% of the total CH, anthropogenic emissions
(Smith et al, 2008).

Paddy fields are an important emission
source of global Greenhouse Gas (Sun et
al, 2016). However, good field management
measures can greatly reduce agricultural
Greenhouse  Gas  emission.  Therefore,
controlling and mitigating GHG emissions
through reasonable agricultural measures is of
great significance to mitigate climate warming
(Liu etal, 2019).

The effects of rice production on
biodiversity vary with production methods,
which include fields managed organically or
with agrochemicals and varied irrigation and

planting systems and winter management
regimes (Donald, 2004). Most rice is grown
underflooded conditions so if they are managed
appropriately, rice fields can provide habitats
for wetland species and ecosystem services
similar to those of natural wetlands (Katayama
et al, 2015). The maintenance of flooded
cropping systems can provide important
ecosystem services such as the preservation
of wetland habitats for a range of aquatic and
semiaquatic wildlife, or of local traditional
landscapes. Thus, knowledge of the advantages
and disadvantages of each management
practice can support the selection of the most
appropriate one regarding the different local

conditions (Miniotti et al., 2016).

Taking into consideration the importance
of the rice production and numerous issues
which rice ecosystems are currently facing,
such as water scarcity, inefficient agronomical
practices and its impact to the environment,
three-year pilot project for introducing and
adaptation of sustainable practices in rice
production was conducted in Kochani valley,
for improving of this subsector. The activities
were supported by the Nature Conservation
Programme in North Macedonia, project of the
Swiss Agency for Developmentand Cooperation
(SDC), coordinated by Farmahem, Skopje.

The objectives of this paper are:

+ to examine the socio-economic
characteristics of the rice farmers in
the survey, as important factors for rice
cultivation;

+ to determine the production costs and
revenues associated with wet and dry-
direct sowing practices;

« ascertain the level of allocative efficiency
of the resource used in sustainable rice
practices.

MATERIAL AND METHODS

Study area

The research was carried out in Kochani
valley, in North Macedonia, where the rice is
the largest and most important agricultural
crop from economic and social aspects. The rice
production in this valley is integral part of the
tradition and heritage of the rural population,
which is seen from the organising of the many
traditional events and other ways to mark the
significance of this crop (songs, recipes, different

art competitions related to rice production and
etc.). The rice is also called “Koschani’s white
gold” because of its high socio-economic value
for these regions (NCP, 2014). In addition, the
large rice fields in this valley, provide a valuable
habitat for wide variety of amphibians and birds,
especially for white storks, since they represent
second largest population in Macedonia. So, the
village Cheshinovo-Obleshevo which is located
in this region and is part of the study area, was
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granted the honor of being declared a stork
village in 2013 by EuroNature and become a
part of the European Stork Village network.
These indicate the high importance of the rice
to remain the dominant crop in this region and
to be further developed.

Data Collection and sampling method

This research is based on primary and
secondary source of data. To achieve the aim of
theresearch,datafromthe passportrecordsof30
farmers, involved in the activities for adaptation
of sustainable rice practices, members of the
association ,Core group for sustainable rice
production - Rice Tiller, Cheshinovo’, were
collected and processed.The survey refers to the
production period from 2017-2019, conducted
under constant consultation and observation
by national and international rice experts. The
research was conducted with Italian rice variety
San Andrea, which is medium early variety,
with medium long grain and in the recent years
has dominant role in the rice production in
North Macedonia (llieva et al. 2014). Applied
sustainable rice practices used by farmers in the
survey mainly are consisted of: land levelling;
use of certified seed material and reduced seed
quantity; controlled use of fertilizers, protective
agrochemicals and water. Two sowing variants
were implemented and tested: one by using
seeding machine on dry soil and the another
with manual seed broadcasting onto the
watered soil.

Applying of the methods of sustainable
rice production was performed on a total
of 40 plots with an average size of 0.44 ha
each by applying of sustainable practices, of
which 30 plots were sown with manual seed
broadcasting onto the watered soil and 10
plots by using seeding machine on dry soil. The
number of plots with direct machine sowing
is less than the number of plots with manual
sowing because the farmers had difficulties
in accepting and believing in success of the
application of the first method. Irrigation is by
method of flooding irrigation. Due to the great
importance of efficient use of water as a natural
resource, water measuring tubes were used to
monitor water depth in the plots, recorded by
the farmers every 7 days. Official statistics data
and data from NEA (National Extension Agency)
were used as reference data source.

Analytical Technique

Simple descriptive

statistics such as

frequency distribution, mean (M), maximum
(Max), minimum (Min), standard deviation (SD)
and coefficient of variation (CV) were used to
describe socio-economic characteristics of the
rice farmers in the study area. Lower values of
the CV, as a relative measure, indicate lower
deviation in the sample from the arithmetic
mean, and vice versa (Pucteckn, 1999).

In order to determine the costs and return,
gross margin (GM) analysis was calculated for
the both sowing systems, wet and dry.

GM =GR - TVC (MunaHoB & MapTuHOBCKa,
2002)

GM - Gross Margin

GR - Gross Return

TVC - Total Variable Cost

Production function

The Stochastic Frontier Productionfunction
(SFPF) using the Cobb —Douglas functional form
was used to determine the production function
in this study. This functional form has been
used in other empirical studies (Adedoyin, et al.;
Izekor,2015; Najjuma etal., 2016; Grazhdaninova
& Lerman, 2005; Oluwatusin, 2011) to assess
both technical and allocative efficiencies. To
estimate Cobb - Douglas production function
econometrically, SPSS has been employed.

In general, the Cobb-Douglas production
form is specified as follows:

Y = B0 + B1X1 + B2X2 + B3X3 + B4)(4 + BSXS + Ei

This production function model was
converted to its linear form by taking the
logarithms:

InY=1InB, +InB, ., +InB,,+InB, . +InB,,,
+InB,,, +&i
Where:
In — Natural Logarithm
Y - Quantity of rice produced (kg/ha)
X, — Seed material (kg/ha)
X, — Mechanized hours (h/ha)
X, - Fertilizers (kg/ha)
X, — Chemical protection (I/ha)
X, — Water used (mm/ha)
B, Intercept term (scale parameter)
B, B, B, B,and B, _regression coefficients
referred to X, X, X, X, and X, inputs respectively.
g, — Composite error term independently
distributed with zero mean and finite variance.
The sum of the estimated coefficient 8, B,
B, B, and B, gives information about returns to
scale.
If the sum is 1, then there are constant
returns to scale, (e.g. doubling the inputs will
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double the output). If the sum is less than
1, there are decreasing returns to scale (e.g.
doubling the inputs will less double the output).
If the sum is greater than 1, there are increasing
returns to scale (e.g. doubling the inputs will
more than double the output).

Determining Technical Efficiency (TE) of
Resource Use

The concept of TE relates to the question
of whether a farm household uses the
best available technology in its production
process. TE means producing the maximum
amount of output with the incorporation of
minimum possible amount of inputs. Technical
inefficiency arises when less than the maximum
output is obtained from a given package of
factors. Elasticity of production was used which
is the percentage change in output as a ratio of
a percentage change in input use (Elias, 2017;
Grazhdaninova & Lerman, 2005; Konj, 2019;
Charnes, 1978). MEP

~ APP

Where:

EP - Elasticity of production

MPP - Marginal Physical Product

APP - Average Physical Product

The Marginal Physical Product for each

input is calculated by: Bixy

MPFP =

B.- regression coefficient

Y — geometric mean of output

X — geometric mean of input X

The Average Physical Product (APP) for
each input is calculated by: APPL

X

Y — geometric mean of output

X.— geometric mean of input X,

If:

EP =1, constant return to scale;

EP < 1, decreasing return to scale;

EP > 1, increasing return to scale.

Determining Economic Efficiency (EE) of
Resources Use

Efficiency of resource input used was
determine by the ratio of the Value of the
Marginal Product (VMP) to Marginal Factor Cost
(MFC). The relationship (as indicated by lzekor
(2015), Goni et al, (2007), Tambo & Gbemu
(2010) is given as: APP;—

£

The Marginal Physical Product (MPP) for
each of the production inputs was estimated
from the regression coefficient of the Stochastic
Frontier Production function (SFPF) using the
Cobb-Douglas functional form, and was used
to determine the Value of the Marginal Product
(VMP). The value of the VMP is estimated as:

VMP = MPP*Py

MPP - Marginal Physical Product
P - Average Unit price of output
If:

r =1, resource is efficiently utilised;

r > 1, resource is under-utilized;

r < 1, resource is over-utilized.

The allocative efficiency was used in
order to measure the ability of the farmers
for sustainable rice production in achieving
the best combination of different inputs in
producing at given level of output considering
the relative prices of these inputs.

RESULTS AND DISCUSSION

Socio-economic characteristics of the
rice farmers

The socio-economic analysis gave base
to describe the typical characteristics of the
rice households in this region such as: age and
gender structure of the farmers, household size,

farm size, farming experience and educational
level of the farm holder. In average, a rice farm
has 6.1 ha with land used for rice production,
ranging from 0.5 ha to 30 ha, with a high
coefficient of variation of 101%, which indicates
a large deviation from the mean (Tab. 3).
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Table 3. The Socio-economic characteristics of the rice producers, 2019

Variable Average Maximum Minimum Standard Coefficient of

deviation variation (%)
Age (years) 50.7 75.0 20.0 15.4 30.0
Household size (ha) 4.5 8.0 2.0 1.7 37.2
Farm size (ha) 6.1 30.0 0.5 6.2 101.0
Farming experience 325 60.0 7.0 16.7 51.0
(years)

Source: field survey

The average size of family farms on national
level is approximately 1.8 ha (SSO, 2017), and
according to the data from the last agricultural
census, the share of agricultural holdings with
a rice land size from 5 to 8 ha accounts for
approximately 18% of the total rice producers,
and the highest share have agricultural holdings
with size of the rice fields from 1 to 3 ha (25%)
(SSO, 2008). This implies that larger percentage
of the rice farmers in the survey produce rice on
a farm size bigger than the national average,
what is very important for their productivity,
but for the other side the level of fragmentation
is very high accounting from 4 to 10 parcels
(field survey). Many studies demonstrate that
the loss in profitability is generally larger for
small farms than for large farms, as small farms
use more labor and other inputs than large farm
households to earn higher rice income and
profit (Mottaleb & Mohanty, 2014).

In terms of age of rice farmers, the average
is 50.7 (Tab. 3), ranging from 20 to 75 years,
with 30% of coefficient of variation, of which
around 1/3 are with more than 60 years (Tab. 4).
Compared to Greece, as rice producing country,
the average age of rice farmers is 46 years and
most of them are between 40 and 60 years old
(Petri, 2016). Similar figures are also evidenced
in Portugal, where large portion of farmers are
in the age group of 40-50, with an age mean
of 48.92 years (Chiambo, 2019). This implies
that the rice production in North Macedonia

is managed by elderly farmers as youth
outmigrationincreasesin the agricultural sector.
Bad economic conditions, in which people
live, insufficient development of the industry,
possibilities for better life and better education,
are only part of the reasons which cause greater
migration, i.e. emigration of youth population
from this region (NCP, 2014). According to many
studies, the younger farmers are more likely to
adopt new innovations to increase efficiency
level than the older ones in production (Mabe
etal, 2018; Onubuogu et al., 2014). The average
number of members of the interviewed
households, which influence the productivity,
efficiency and value of the labor force, accounts
4.5. Since the household’s holders are older and
the number of members is relatively low, rice
producers are likely to depend more on hired
labor for production activities.

Data in the Tab. 3 also shows that average
farming experience is 32.5 years, implying a
reasonable level of specialization and expertise
in rice production. The research revealed that
out of the total surveyed farms, there are only
2 women (7%) which are farm holders (Tab. 4).
This indicates very low level of gender equality
in terms of ownership. Majority of the farmers
attained secondary school sharing 70% from
the total number of the farmers in the survey,
20% has tertiary school and 10% primary school
(Tab. 4).
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Table 4. Frequency of some of the socio-economic characteristics of the rice producers, 2019

| Frequency | Percentage (%)
Gender
Male 28 93
Female 2 7
Total 30 100
Age (years)
Less than 39 9 30
Between 40 - 59 11 37
More than 60 10 33
Total 30 100
Educational level
No formal education 0 0
Primary school 3 10
Secondary school 21 70
Tertiary education 6 20
Total 30 100

Source: field survey

Production costs and revenues

The average yield of paddy rice per unit
area amounts 8,019 kg/ha and farmers received
paddy price of 20 MKD/kg in average (Tab. 5).
Average yields in the research are higher by
30% compared with official statistics (Tab. 2),
with average yield of 5.699 kg/ha, but very close
to the NEA data. With regards to the different
variant of sowing, 4% of higher yield are realized
at rice production with dry sowing accounting
8,255 kg/ha in average, similar with finding of
Andreevska et al. (2018). The major reasons for
these results may be due to using certified seed
materials, which influence to increased grain
yield, enhanced crop growth and also reduced
damage from weeds, insect pests and diseases
(Haque et al, 2012). In addition, with land
levelness, water coverage of the fields is even,
what leads to: positively influence to the plant
establishment, less weed problems, even crop
stands, even ripening and even yields within
eachfield. Good and less intensive management
of pesticides (Tam, 2016) and fertilizers (Singh,
2017) also have contributed to better rice yields.

Regarding the structure of the variable
costs, the costs for seed material have the
largest share (37%), followed by the costs for
soil cultivation (27%), fertilization costs (16%),
costs for protection of rice fields (14.5%) and
the lowest are the costs for water consumption
(0.11%). In general, the variability costs are
lower for dry sowing compared to water sowing,
except for the costs for mechanized hours (less
costs for seed materials by 25%, for fertilizer by
5%, for chemical protection by 27%, and higher
costs for mechanization by 14%). Consequently,
the values of the gross margin in dry sowing is
higher for 19% compared to wet sowing (MKD
80,735 at water sowing and MKD 96,062 at dry
sowing). Similar results were obtained with the
costs for production per kg rice at the variable
costs level, with 10 MKD/kg average costs at
wet sowing, and 8.59 MKD/kg at the production
with dry sowing. Average share of variable costs
from total revenues accounts 45%, and share
of gross margin from total revenues are 53%,
with better results for dry sowing. The obtained
average indicators from the survey are close to
data from NEA (Tab. 5).
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Table 5. Production costs and revenues of rice production

Indicator Wet sowing Dry sowing | Average for both FADN national
methods data (2018)
Average Gross return (MKD/ha) 158,805 165,100 160,379 160,000
Average yield (kg/ha) 7,940 8,255 8,019 8,000
Paddy rice price (MKD/kg) 20 20 20 20
Cost of seed (MKD/ha) 27,950 20,900 26,188 27,000
Cost of fertilizer (MKD/ha) 11,770 11,138 11,612 19,200
Cost of chemical protection 11,207 8,189 10,452 5,535
(MKD/ha)
Cost for land cultivation with 18,714 21,373 19,379 10,385
own mechanization (MKD/ha)
Cost of water (MKD/ha) 8,369 7,439 8,137 7,200
Total variable costs (MKD/ha) 78,217 65,013 71,615 69,320
Gross Margin (MKD/ha) 80,795 96,062 84,612 90,680
Cost for production per kg at 10.00 8.59 10.00 9.00
variable cost level (MKD/ha)
Share of variable costs from total 49 39 45 43
revenue (%)
Share of gross margin from total 51 58 53 57
revenue (%)

Source: field survey, 2017-2019

Unpaid labour costs as opportunity cost
are excluded from the variable production
costs, due to difficulties to be realistically
measured. From the passports is evident that
farmers rarely hire labour, since the most rely on
unpaid labour force from themselves, their own
family members, or unpaid neighbours and
friends. Different analytical approaches exist
on the pricing of unpaid farm labour. EI-Osta
(1996) asserts that where unpaid farm labour
hours are valued at hired labour wage rates, a
serious consequence is the underestimation
of the cost of human time spent on the farm.
Though, Katovich and Sharma (2014) state that
assigning a market wage will overestimate the
value of unpaid farm labour, because farmers
tend to “self-exploit” and work beyond the
point at which the marginal returns of their
labour equal the marginal costs. According to
calculation by Martinovska et al. (2012), the
estimated average costs for unpaid labor in rice
production accounts 13% of the total variable
costs. According to this approach, the average
labor costs is 9.309 MKD/ha, and production
costs at the variable level costs is 11 MKD/
kg. However, the value of unpaid labor is not
directly costed, and it can be considered that
it is included in the net returns (gross value of
production less economic costs) as a residual
(El-Osta, 1996). Measurement and valuation of

unpaid work (domestic and volunteer work) for
different variant of sustainable rice production
should be subject to specific survey.

Production function

The estimated results of econometric
model of Cobb - Douglas production function
are shown in the Tab. 6.

The R? estimated shows that 59.5% of
independentvariables explained the dependent
variable. The sum of the estimated coefficients:
B, B, B, B, B what gives information about
returns to scale amounted to -0.09. This implies
that on average the rice farms have decreasing
return to scale which is characteristics of stage 3
of production function. If the rice farm increases
all inputs by 1%, production will decrease by
0.09%. This result shows that there is possibility
to increase rice production through improving
the use of those inputs by its slight decreasing.
The value of t = -2.24 (p <0.05) has the highest
significance for the seed material. The estimated
coefficient, shown in Tab. 6, demonstrate that
elasticities for mechanisation (0.06), fertilizer
(0.09), pesticides (0.07) and water use (0.05) are
in stage Il of the production function, indicating
positive decreasing function, what implies that
the allocation of variables are in the rational
economic stage. The calculated elasticity for
seed utilization is less than 0 accounting -0.37,
what indicates positioning in the stage |llI
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from the production function, with negative
decreasing function to the factors. This implies
over-utilization of the input, since the allocation

and utilization of seed are in irrational stage of
production.

Table 6. Estimated results for Rice Production Function

Variables Parameters Coefficients Std. Error t Sig. (p)
Constant B, 9.71 0.84 11.50 0.00
In seed/ha B, -0.37 0.16 -2.24 0.03
In mechanization/ha B, 0.06 0.05 1.24 0.22
In fertilizer/ha B 0.09 0.07 1.36 0.18
In pesticides/ha B, 0.07 0.06 1.34 0.19
In water use/ha B. 0.05 0.05 1.13 0.26
Sum (B, B.) =-0.09

R? = 0.595

Note: Significant at 5% (a = 0.05)
Source: field survey, 2017-2019, own analysis

Tab. 7 demonstrate the level of allocative
efficiency of the rice farmers with sustainable
rice production in the survey. The MPP, as
technical efficiency, measure the change in
total output associated with one additional
unit of input. From the calculated results, the
values of the MPP shows that farmers are most
technically efficient in the use of pesticides, then
utilisation of mechanised hours and fertiliser
respectively. From this table can be seen that
the allocative efficiency level of inputs used in
sustainable rice production demonstrate that
seed (-2.25) and mechanization (0.49) are over-
utilized since the ratio between VMP and MFCiis

less than 1. This implies that rice farmers could
increase their output and profit by decreasing
of these resources. Fertilizer, pesticides and
water used are under-utilized with efficiency
rate 1.27, 1.15 and 1.06 respectively, and in
order to increase output and profit, farmers
should increase these resources. However, the
ratio for all three inputs are close to 1.0, what
indicates close efficient using of these inputs. As
well the VMPs are not negative indicating that
rice farmers still use these resources within the
economically rational range even though they
were not optimally used.

Table 7. Allocative efficiency levels of inputs used in rice production

Variables APP MPP VMP (MPPx*Py) MFC(Px) r =VMP/MFC Inf.

Seed 28.90 -10.63 -212.58 94.37 -2.25 r<i
Mechanization 493.44 29.30 586.08 1,192.47 0.49 r<1
Fertilizer 16.43 1.51 30.12 23.80 1.27 r>1
Pesticides 1,639.64 122.63 2,45269| 2,137.15 1.15 r>1
Water used 0.61 0.03 0.66 0.62 1.06 r>1

Source: field survey, 2017-2019, own analysis

The MPP values for wet sowing variant
(manual sowing in water) (Tab. 8) shows that
farmers are most technically efficient in the use
of the pesticides and mechanized hours than
utilization of water, fertilizers and seed materials.
The analysis of the allocative efficiency,

considering this variant demonstrates that the
ratio between VMP and MFC for each input is
less than 1 (which implies that all inputs: seed,
mechanization, fertilizer, pesticides and water
are over utilized (Tab. 8).
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Table 8. Allocative efficiency levels of inputs used in rice production with wet sowing

Variables APP MPP VMP(MPPx*Py) MFC(Px) r=VMP/MFC Inference

Seed 28.03 -13.89 -277.81 92.59 -3.00 r<1
Mechanization 542.91 42.03 840.64 1128.35 0.75 r<i
Fertilizer 16.30 0.71 14.23 22.50 0.63 r<i
Pesticides 1,537.16 57.29 1,145.81 2,379.65 0.48 r<i
Water used 0.52 0.01 0.27 0.56 0.49 r<1

Source: field survey, 2017-2019, own analysis

In dry sowing variant, the results for
technical efficiency of the inputs (MPP)
shows that using of the pesticide is the most
technically efficient while using of fertilizers,

technically efficient respectively. In regards to
allocative efficiency (VMP/MFC), seed material,
mechanized hours and water used are over
utilized, while fertilizer and pesticides are

water,

mechanization and seeds are

less

under-utilized (Tab. 9).

Table 9. Allocative efficiency levels of inputs used in rice production with dry sowing

Variables APP MPP VMP (MPPx*Py) MFC (Px) r=VMP/MFC Inference

Seed 37.52 -23.71 -474.29 95.00 -4.99 r<1
Mechanization 401.02 -16.84 -336.86 1,038.27 -0.32 r<1
Fertilizer 16.64 462 92.50 2245 412 r>1
Pesticides 2,183.67 257.67 5,153.46| 2,166.15 2.38 r>1
Water used 1.07 -0.06 -1.26 0.96 -1.31 r<1

Source: field survey, 2017-2019, own analysis
CONCLUDING REMARKS

The analyzed data show that the socio-
economic characteristics of rural households are
unfavorable for achieving greater success in rice
production in terms of age structure, household
size and education of the household’s holder. It
is recommended to apply more trainings and
activities for increasing of the awareness to rice
farm households about technology and benefits
by adapting the sustainable practices, what
will lead to improved resource used, improved
environmental conservation and increased
family revenues, so consequently decreasing of
the youth migration in this rural area.

In this study, dry seeding using seed drills
instead of the manual seed broadcasting onto
the watered soil showed better technological
and economic results, so it is recommended
when it is possible to be performed, in order to
provide better productivity, higher crop density,
lower seed rate, but it also enables saving water
forirrigation in the initial stages of rice growing.

These positive economic effects of sustainable
practices, should be an incentive for farmers to
their implementation, especially when it comes
to irrigation, due to water scarcity as natural
resource.

In general, we can conclude that findings
indicate economically rational range of
using the most resources for sustainable rice
production, what implies less inputs then
common farmers practices, although there is
still space for improvement of its optimal using.
This is important for reducing the pressure
to nature and preserving biodiversity in this
region.

This project for introducing of sustainable
practices is implemented on limited areas (16.7
ha in total), therefore it is recommended to
increase these areas under the sustainable rice
production, as well as to introduce practice for
all farmers to keep farms evidence including
economic and technological aspects.
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Pesnme

loBonHWTE KAMMATCKM YCNOBW W pofraTa Tpaguumja Ha OpPU3ONPOM3BOACTBOTO Kako [aBeH
ersucTeHumjaneH 1n3Bop ce of OCHOBHO 3Hauyere ronem fen of HaceneHmeto BO KoyaHcKaTa KOTAMHA Aa
oprnegysa opu3. HUCKOTO HUMBO Ha MPOAYKTUBHOCT Y BUCOKUTE MPOU3BOACTBEHN TPOLLOLM Ce OCHOBHUTE
OorpaHunyyBara BO KOHKYPEHTHOCTa Ha Mas3aporT, a rMaBHO Nopaamn npruMeHaTa Ha HeCOOABETHM N 3acTapeHu
NPOW3BOACTBEHM MPaKTUKU. [JononHnuTeNHO, BoObUYaeHTe MeToan Ha OArnefyBarbe MPUAOHeCyBaaT KOH
JecTpyKuMja Ha XMBOTHaTa cpefinHa U arpoekoCUCcTeEMNUTE MNPeKY MHTEH3VMBHO KOPUCTEHE Ha NpupoaHuTe
pecypcu n arpoxemujaTa. 3aToa, npoekToT 31 cnpoBefe akTMBHOCTM 3a ajanTtaumja Ha OAPKNNBY NPAKTUKM
BO Opr30MpPOn3BOACTBOTO Kaj 30 papmepu, uneHoBr Ha 3apykeHueTo ,Opu3oBa bpatnumka’, YewrHoBo, 3a
nepuog of 3 roguHu (2017-2019). Mpepn c&, oppXAMBUTE NPAKTMKM 3a NPOU3BOACTBO HAa OPU3 NMPUMEHETU
o[l cTpaHa Ha dapmepuTe ce COCTOEja Of: NacepCcKo HUBENMPakbe Ha NoyBaTa, ynotpeba Ha cepTuduumpaH
CEeMEHCKM MaTepujan n HaMmaneHa cenfibeHa HoOpMa, KOHTponNMpaHa ynoTpeba Ha Fy6puBa 1 3aLITUTHU XEMUCKN
CpencTBa 1 KOHTPONMPAHO KopucTerwe Ha BogaTa. MprMeHeTn ce 1 TeCTUpaHW fBe BapujaHT! Ha cempoa,
eflHaTa co ynoTpeba Ha MalliMHa 3a ceetbe Ha CyBa MOYBa, ApyraTta Co payHO eMUTYBahe Ha CeMe Ha NnornsaBeHa
nousa. Bo oBoj Tpyn, nogaTouute fobueHn og nacownTte Ha dapmepurTe 3a eBMAEHUM]a, BO KO 6ea pegoBHO
€BUIEHTUPAHN CUTE arpOTEXHMNYKM MEPKM U TpoLwouu, ce 06paboTeHN CO KOPUCTEHE HAa AECKPUNTUBHMU U
eMMNPUCKN METOAN Ha aHanm3a. PesyntaTute nokaxyBaaT AeKa BOBeyBaHeTO Ha OAPXK/TMBOTO MPOUN3BOACTBO
Ha opu3 pe3ynTupa co noedurKkacHa ynotpeba Ha NPUPOAHUTE pecypcy 1 HamasyBare Ha MPOV3BOACTBEHMTE
TpowloLu, WTO e OCHOBHO 3a: yonayBarbe Ha Hebe3befHOCTa CO XpaHa, rybereTo Ha OroamMBep3UTETOT,
Jerpafjaumjata Ha noysaTta W 3arajyBakbeTO Ha XMBOTHaTa CPeAnHa, U UCTOBPEMEHO 3a 3rofieMyBatbe Ha
npuxoanTe Kaj pypanHuTe JOMaKMHCTBa.

KnyuHun 360poBu: npupodHu pecypcu, 6pymo mapxa, Kob-[laznac npou3sooHa ¢yHKUuUja, mexHu4ka
equKacHocm, anokamueHa eukacHocm
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