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Abstract

The widening supply-demand gap of poultry products in Nigeria calls for urgent attention toward improving the
production and productivity of poultry with a special interest in underutilized poultry species. This study was
carried out to examine the level of production of underutilized poultry species and the factors influencing it in the
Iwo ADP Zone of Osun State. A multistage sampling procedure was adopted to select 150 poultry farmers for the
study. Data were obtained through physical interview of the farmers, then analysed using descriptive statistics and
ordinary least square (OLS) regression. Results showed higher percentage of males in poultry production and mean
age of the poultry farmers was 49.19+12.40 years with a mean length of experience in poultry keeping of 11.0+7.4
years and mean flock size of 68+ 17. It was deduced from the study that majority (77.3%) of the poultry farmers had
no or limited access to extension services As determinants of the rearing of underutilized poultry species in the
study area, results of multiple linear regressions showed the coefficients of the age of poultry farmers, and length of
poultry farming experience was positive and statistically significant (P< 0.01). Household size was also positive and
statistically significant (P< 0.05). Based on the findings, the study, therefore recommends the need for an
enlightenment campaign and awareness on the importance of rearing underutilized poultry species and
strengthening the livestock extension services for effective and result-oriented service delivery to the poultry
farmers.

Key words: poultry, underutilized species, assessment, production, improvement

INTRODUCTION

Poultry is domesticated avian species that can
be raised for eggs, meat, and/or feathers.

The term "poultry” covers a wide range of
birds, from indigenous and commercial breeds
of chickens to Muscovy ducks, mallard ducks,
turkeys, guinea fowls, geese, quails, pigeons,
ostriches, and pheasants [16]. Poultry is raised
throughout the world, with chickens by far the
leading species everywhere [8]. Poultry
production can be subdivided into three
distinct parts namely, small, medium, and
large scale. These are also otherwise known as
backyard, semi-commercial, and commercial
[20]. The country’s standing poultry
population is at present 180 million birds, a
substantial increase from about 151 million
birds, most of which are domiciled in the

southern part of the country either in semi-
intensive farms or intensive ones [7].

The popularity of poultry in Nigeria is highly
significant and this can be as a result of its
important role in food security and value
chains. [10 and 16] argue that poultry birds
are good sources of protein either used as eggs
or meat. They further explained that the
production of poultry birds is relatively cost-
effective, thus, making it possible for low-
income farmers to start up the business [10,
16, 17, 18]. More so, the return on poultry
investment is relatively high compared to
other livestock production and the high level
of acceptability of the poultry meat across
diverse ethnic backgrounds and religious
beliefs broadens the market share and makes
the business very viable. In addition to the
benefits created by poultry meat, [1] remarked
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that poultry eggs are more affordable for low-
income earners compared to other sources of
protein [1]. This adds to the relative
importance of poultry to agriculture.
Extension services have to assure an efficient
communication with the farmers regarding the
transfer of knowledge and results from the
scientific research [4].

The Nigerian poultry sub-sector has great
potential for a wide range of reasons. Poultry

farming has considerable potential for
providing income opportunities, reducing
malnutrition, generating employment
opportunities, and alleviating poverty,

especially for small farmers in Nigeria. Small
farmers can start poultry farms at their
homestead area at a low cost compared to
other livestock farming. In addition, poultry
farming also provides opportunities for other
industries like feed mills, hatcheries,
veterinary drugs, feed ingredients market, and
as a market outlet for maize and soybeans
farmers [9].

According to the Central Bank of Nigeria [2],
the poultry sub-sector is the most
commercialized of all Nigeria’s agricultural
sub-sectors with a current net worth of N1.6
trillion. The demand situation is estimated at
over 200 million birds, while the demand for
eggs and meat is about 790,000MT and
1,500,000MT, leaving a huge demand gap
which, unfortunately, is met through
smuggling. Thus, there is a need to improve
the production and productivity of the poultry
sub-sector in Nigeria. As high as the
contribution of the poultry sector to the
Nigerian economy, Chicken accounted for the
majority of the production, followed by turkey
production (unpublished source). In 2017,
chickens contributed 89 percent of world
poultry meat production, followed by turkeys
with 5 percent, ducks with 4 percent, and
geese and guinea fowl with 2 percent. The rest
comes from other poultry species [21]. In
recent years, the demand for quail birds and
their products in Nigeria is increasing due to
their medicinal, nutritional, and economic
benefits [14]. According to [22], quail eggs
can help to prevent Kkidney, liver, and
gallbladder stones. The nutritional value of
quail eggs is much higher than those offered
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by other eggs as they are rich sources of
antioxidants, minerals, and vitamins, and give
us a lot of nutrition than other foods [13].

In Nigeria, local ducks are raised on the free
range alongside domestic chickens. Though
ducks are hardier and more resistant to
diseases and environmental hazards, they are
fewer than chickens due basically to cultural
beliefs which tend to portray ducks as
mystique birds. A profitable small backyard
poultry project is more feasible with ducks
than with chickens because ducks have longer
productive (egg-laying) periods. Therefore,
the main objective of this study was to assess
the level of production of underutilized
poultry species (ducks, guinea fowls, turkeys,
geese, and quails) in the Iwo zone of the
Agricultural Development Programme (ADP),
Osun State, Nigeria.

MATERIALS AND METHODS

Study area

The study was carried out in the Agricultural
Development Programme (ADP) Iwo zone,
Osun State. The zone comprises of seven local
government areas namely; Iwo, Irewole,
Ejigbo, Ayedire, Ayedaade, Isokan, and Ola-
Oluwa.lt has an area of 245km? and a
population of 120,919 [15], and the current
population of 5,521,901 composed with the
annual population growth rate of 3.3% [3].
The poultry farmers are concentrated in the
rural areas of the zone than the other ADPs
zone in the state from the available records of
the membership register of the Poultry
Association of Nigeria (PAN).

Source and type of data

Primary data were used for this study. The
Data were obtained through physical
interview of the farmers with the aid of a well-
structured questionnaire that captured the
socioeconomic characteristics of poultry
farmers and farm characteristics.

Sampling procedure and data collection

The study was carried out using a multistage
sampling procedure to select a representative
sample of poultry farmers from the study area.
At the first stage, Iwo zone was selected
among the three (3) agricultural zones in Osun
State, because of the predominance of
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underutilized poultry species and the
availability of a market for poultry products in
the study area. During the second stage, three
(3) local governments from the study zone
were randomly selected, then, two farming
communities were randomly selected from
each of the selected local government areas,
making a total of 6 communities. Finally,
twenty-five (25) poultry farmers were
randomly selected from each selected farming
community to make a total of one hundred
and fifty (150) sampled poultry farmers for
the study.

Analytical techniques and models

The data obtained were carefully analyzed
using descriptive analysis, and multiple linear
regression analysis. The descriptive statistics
used were frequency, proportion (percentage),
mean, and standard deviation while the
inferential statistical tool used was multiple
linear regression.

Model specification

In estimating the parameters of socio-
economic characteristics, descriptive statistics
(percentages, frequency distribution, mean,
standard deviation) were used to show the
description of the socioeconomic
characteristics of the respondents. The
multiple linear regression models were
specified as follows:

Y =bo +b1 X1 +boXz +b3Xs +bsXs +bsXs
+beXe +h7X7 +U..ccoiiiiii, 1)

where:

Y = determinants of the

underutilized poultry production

X1 = Age of respondent (years)

X2 = Sex of the respondent (1= male, 2=

female)

X3 = Household size (number)

X4 = Level of formal education

Xs = Length of poultry-keeping experience

(years)

Xs = Access to extension services (1= yes, 2=

No)

X7 = Hired labour

U = Error term

,,,,,,,, b7 = coefficients of the independent

variables

rearing of

RESULTS AND DISCUSSIONS

Socioeconomic characteristics of keepers of
underutilized Poultry species

Table 1 presents the socioeconomic
characteristics of the keepers of underutilized
poultry species. The table shows that more
than half (59.3%) of underutilized poultry
farmers were below the age of 50 years while
the mean age was 49.19+12.40 years. The
results further showed that the majority
(72.0%) of the keepers were male, while a few
(28.0%) were females. It was revealed that a
few (7.3%) of the keepers are single, a large
number (78.8%) are married, 1.3% is
divorced, 7.3% are a widower and 5.3% were
separated.

Table 1 reveals that more than half (56.7%) of
the keepers had a household size of 4-6
persons, having a mean household size of 6+4
persons, which implies a large household size.
The results indicate that few (7.3%) of the
poultry keepers had no formal education;
while 17.3% had primary education, 34.7%
had secondary education and 40.7% had their
tertiary education which determines their
exposure and level of adoption of innovation
in the field of poultry production.

The results in Table 1 further indicate that a
few (32.7 %) of the respondents had less than
5 years of poultry-keeping experience, while
29.3 % had 6-10 years of poultry-keeping
experience. The mean length of poultry-
keeping experience was 11.0+7.4 years. It was
also gathered that the majority (77.3%) of the
farmers did not have access to extension
services. A larger percentage of those that
have access to the extension service (78.0%)
had a low connection and (15.3%) had a high
connection while (6.7%) had a very high
connection.

This study revealed that the majority of our
correspondence had little or no access to
advisory services (through extension services)
or consultancy to aid adequate information on
poultry production and disease management;
as access to extension services positively
influence the management of poultry farms
and encourage the farmers to adopt improved
farming methods [6]. The keepers depend on
long experience in the place of extension
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services.  This  long  poultry-keeping
experience will affect their production
practices positively with their reasonable
knowledge of poultry production and its
problems such that they handle poultry
production problems perfectly on their farms
just as reported by [19] who observed that
years of poultry-keeping positively influence
poultry management.

Table 1. Distribution of Socioeconomic Characteristics
of Keepers of underutilized Poultry Species

Characteristic I Frequency | Proportion (%)
Age (years)

<29 14 9.3
30-39 32 21.3
40-49 43 28.7
>50 61 40.7
Mean = 49.19 S.D=12.40

Sex

Male 108 72
Female 42 28
Marital Status

Single 11 7.3
Married 118 78.8
Divorced 2 1.3
Widow/

Widower 11 73
Separated 8 5.3
Household Size

<3 32 31.3
4-6 85 56.7
>17 33 22.0
Mean = 6.0 S.D=40

Level of Education

No formal 11 7.3
education

Primary 26 17.3
Secondary 52 34.7
Tertiary 61 40.7
Poultry Keeping Experience (years)

<5 49 32.7
6-10 44 29.3
11-15 22 14.7
>16 35 23.3
Mean =11.0 SD=74

Access to extension services

Yes 34 22.7
No 116 77.3

Source: Field Survey Data, 2021.

The literacy levels of the keepers also helped
in the absence of extension and consultancy
services. The implication of this is that the
costs of obtaining new technical and related
information for the farmers will be reduced
substantially when they can read and
understand published materials and simplified
farm  journals, which are increasingly
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becoming the modern  vehicle for
disseminating information through various
online media.

Factors  affecting the rearing of
underutilized Poultry in the study area

Table 2 presents the coefficients of multiple
linear regressions for the determinants of the
rearing of underutilized poultry species in the
study area.

The coefficient of multiple determination (R?)
shows that 70.4 % of the variation in the
rearing of underutilized poultry was
determined by the included independent
variables in the model. The coefficient of R?
and F statistics which were significant at p <
0.001 showed that the exponential model was
well-fitted.

The results presented in Table 2 revealed that
the rearing of underutilized poultry in the
study area was significantly influenced by
age, household size, and years of poultry-
keeping experience. All these variables had a
positive relationship with the underutilized
poultry production, except age which had a
negative coefficient. The coefficient of age
size was 8.62 (P<0.01), implying that a year
increase in the age of poultry farmers would
increase the rearing of underutilized poultry
by 8.6 units. This result confirms that the
youthful age of the producer helped to
combine more inputs effectively leading to
higher levels of gross revenues.

The household size had a positive coefficient
of 3.62 (P<0.05), implying that a unit increase
in the household size would increase the
production of poultry farmers in underutilized
poultry by 3.6 units.

The coefficient of years of poultry farming
experience was 8.64 (P<0.01), implying that a
year increase in the year of poultry keeping
would  increase  the  production  of
underutilized poultry by 8.6 units.

It is believed that longer experience in poultry
keeping should translate to better management
practices and skills in the exploration of other
poultry ventures such as embarking on
underutilized poultry production.

This finding on length of experience confirms
[5], indicating that the more years they put in
the production process the more experienced
they become and the more they would
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increase their flock size, depending on the
prevailing circumstances.

Table 2. Multiple Regression Analysis showing
determinants of underutilized poultry  rearing in the
Iwo ADP zone of Osun State

Variable Coefficient
(Constant) 1.099***
Age -8.618***
Sex 8.961
Household size 3.620**
Level of Formal 1.553
Education

Years of Poultry 8.638***
Keeping Experience

Access to Extension -1.059
Hired Labour 0.821

F Statistics = 2.113

R?=0.7042

Adj R-squared = 0.6894

Source: Field Survey Data, 2021.
*** Significant at 1%, ** Significant at 5%, *
Significant at 10%

Constraints to Poultry production in the
study area

The constraints affecting the underutilized
poultry production in the study area, is
presented on Table 3. Seven major problems
were identified (with their respective weight
mean score), these are unavailability of the

market for stock ready for sale (2.41),
inadequate access to extension services (2.05),
high rate of mortality (1.97), high cost of
feeds (1.94), lack of access to credit facilities
(1.85), high cost of medication (1.84), and
high incidence of poultry diseases (1.79).

Of these constraints, the unavailability of a
ready market was one of the major constraints
with 1% rank suffered by the poultry farmers
in the area. With pronounced poverty both in
the urban and the rural areas [12], demand for
these birds became low despite the shift in
consumption patterns from the other sources
of livestock proteins to poultry products and
fish due to changing tastes, costs, and income
[11]. Inadequate access to extension services
was ranked second. Further investigation
revealed that farmers depended on
information from fellow poultry farmers and
the few that can read got such information
from books and related publications. The high
rate of mortality ranked third among the
problems experienced by the farmers in the
study area. High incidence of poultry diseases,
lack of access to credit facilities, high cost of
medication, and high cost of feeds ranked
fourth, fifth, sixth, and seventh, respectively.

Table 3. Distribution of constraints affecting the production of underutilized poultry species in the Iwo ADP zone of

Osun State
Factor Not Minor Major WMS Rank
constraint constraint constraint

Unavailability of a ready market 13 62 75
(8.7) (41.3) (50.0) 2.41 18t

Inadequate access to extension services 50 42 58
(33.7) (28.0) (38.7) 2.05 2nd

High rate of mortality 34 86 30 1.97 3rd
(22.7) (57.3) (20.0)

High incidence of poultry diseases 41 70 33 1.94 4t
(27.3) (50.7) (22.0)

Lack of access to credit facilities 50 72 28 1.85 5t
(33.3) (48.0) (18.7)

High cost of medication 52 70 28 1.84 6t
(34.7) (46.7) (18.7)

High cost of feed 61 59 30 1.79 7t
(40.7) 39.3 (20.0)

Source: Field survey Data, 2021.
*Parentheses are in percentage.

CONCLUSIONS

The factors that were discovered to have a
positive effect and significant influence on the

rearing of underutilized poultry in the study
area included the age of the poultry farmers,
household size, and years of poultry-keeping
experience.
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Based on the findings of the study, the
authors, therefore, recommend the following:

-Enlightenment and awareness campaign on
the importance of rearing underutilized
poultry birds to increase the level of poultry
production in the study area.

-The stakeholders in the poultry industry
should assist poultry farmers in training on
modern  practices in the rearing of
underutilized poultry birds.

-Government should revitalize the livestock
extension services delivery to poultry farmers.
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Abstract

The study comparatively analyzed 15 maize genotypes, under the aspect of production potential and some quality
indices. The experiment was organized within the ARSD Lovrin. Eight maize genotypes from Lovrin (L experimental
code; L1 to L8) and seven genotypes represented by commercial hybrids (CH experimental code; CH9 to CH15)
were considered. The production of maize ears, Y(ears), varied between 6,236.00+£570.14 kg ha™ in hybrid L4 and
12,839.33+570.14 kg ha' in hybrid CH15. The physical grains production, Y(pgp) varied between 5,371.00£524.39
kg ha in hybrid L4 and 11,640.00+524.39 kg ha* in hybrid CH15. The recalculated production (STAS, 14%
moisture), Y(STAS) varied between 5,371.00+£507.36 kg ha* for hybrid L4 and 11,579.33£507.36 kg ha™* for hybrid
CHI5. The protein content (Pro, %) varied between 7.20+0.33% in the CHI14 hybrid and 10.60+0.33% in the L3
hybrid. The oil content (Oil, %) varied between 5.20+0.09% in the CH15 hybrid and 6.40+0.09% in the L1 and L2
hybrids. According to PCA (95% confidence), the hybrids from group L were placed associated with the content of
protein (Pro) and oil (Qil) as biplot. Hybrids from the CH group were placed associated with the Y(STAS)
parameter. PC1 explained 72.693% of variance and PC2 explained 17.704% of variance. For the selection process
of genotypes in breeding programs, the genotypes from the CH group (commercial hybrids) are of interest for the
production potential, and the genotypes from the L group (Lovrin) are of interest for the quality indices (Pro, Qil)

Key words: agricultural practices, breeding program, comparative analysis, maize, quality indices, yield
INTRODUCTION and soil conditions, culture technologies,
nutritional relationships, stress factors, etc.
represented a basic concern for the
identification of valuable genotypes for crops

Maize is a crop plant of high importance, with
multiple ecological valences and

multifunctionality through its use in human
food, as fodder but also in industrialization [9,
13, 17].

Maize production has increased constantly in
the last decades, through more productive
genotypes (more adapted to environmental
conditions), through high-performance
technologies (irrigation, fertilization,
mechanization, plant protection, etc.), as well
as through the expansion of cultivated areas
[4, 9, 26, 28].

The breeding programs for maize genotypes
are increasingly based on the concept and
modern techniques of plant breeding [6, 22],
biotechnologies [25, 29], informatics [3, 23],
machine vision, deep learning, mathematical
modeling [11, 27].

The evaluation of different maize genetic
resources, their behavior in various climate

but also for breeding programs. [1, 7, 10, 24].
In order to obtain new, better performing corn
hybrids, it is necessary that genotypes,
potential lines in the improvement process,
are always tested as well as behavior in
climate and soil conditions specific to the area
for which the new hybrids will be intended
[8].

Maize production and quality indices are
closely related to the genotype, but they can
also be significantly influenced by agricultural
practices, crop management, the level of
technology, and various studies have
quantified these aspects [4, 5].

The purpose of this study was to
comparatively analyze the behavior of some
maize genotypes in terms of production and
some quality indices, with implications for
agricultural practice, but also for the selection
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process of some parents in the improvement
process.

MATERIALS AND METHODS

The study evaluated the wvariation in
production and some quality indices in 15
maize genotypes, in order to characterize
them for production but also as genetic
resources for the breeding process.

The study and field experiments were
organized within ARSD Lovrin. Eight
genotypes from the ARSD Lovrin collection
(L1 to L8) and seven commercial hybrids
(CH9 to CH15) were studied.

Genotypes L1, L2 are part of the PAO 320
group, genotypes L3, L4 and L5 are part of
the FAO 340 group, and genotypes L6, L7
and L8 are part of the FAO 400 group. All
eight genotypes are single hybrid type, with
dented grain.

Within the commercial hybrid genotypes,
CH9 is part of the FAO 300-320 group, the
CH10 genotype is part of the FAO 300 group,

the genotype is part of the FAO 320 group,
the CH12 genotype is part of the FAO 400
group, the CH13 genotype is part of the FAO
380 group, the CH14 genotype is part of the
FAO 420 group, and the CH15 genotype is
part of the FAO 350 group.

All the maize genotypes considered in the
study were cultivated under identical soil and
technology conditions, respectively on a
chernozem type soil, weakly glazed,
epicalcare, medium clay loam.

The preparation of the land was done
classically (plough, disc, combiner), and
sowing was done on April 2, 2022.
Fertilization was done with complex
(15:15:15) in a dose of 250 kg ha' and
ammonium nitrate 200 kg ha™*. Weed control
was done by weeding (Radial, 0.7 | ha@,
Dicoton 0.6 | ha). The culture technology
was in non-irrigated system. The harvest took
place on September 24, 2022. The climatic
conditions during the study period are
presented in Figure 1.
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Fig. 1. Climatic conditions during the study period
Source: Original data, ARSD Lovrin Weather Station.

For the comparative analysis of the corn
genotypes considered in the study, the
production of maize ears Y(ears), the physical
production of grains Y(pgp), the production of
STAS, Y(STAS), the yield G(Y), the moisture
(Mstr), the protein content (Pro) and the oil
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content (Oil) were determined.

The production parameters were expressed in
kg hal, and the quality parameters were
expressed in %.

The recorded experimental data were
analyzed to reveal the differences between the
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two groups of genotypes (L, and CH), and for
this, appropriate mathematical and statistical
tools were used [14, 15].

RESULTS AND DISCUSSIONS

The production of maize ears, Y(ears), varied
between 6,236.00+570.14 kg ha in hybrid L4
and 12,839.33+570.14 kg ha' in hybrid
CH15. The physical production of grains
varied between 5,371.00+524.39 kg ha? in
hybrid L4 and 11,640.00+524.39 kg ha in
hybrid CH15. The recalculated production

(STAS, 14% moisture), Y(STAS) varied
between 5,371.00+507.36 kg ha for hybrid
L4 and 11,579.33+507.36 kg ha™ for hybrid
CH15. The vyield (GY) varied between
83.20+0.51% for the L2 genotype and
90.70+0.51% for the CHI15 genotype. The
protein content (Pro, %) varied between
7.20+0.33% in the CHI4 hybrid and
10.60+0.33% in the L3 hybrid. The oil content
(Oil, %) varied between 5.20+0.09% in the
CH15 hybrid and 6.40+0.09% in the L1 and
L2 hybrids. The complete set of recorded data
is presented in Table 1.

Table 1. Production data and quality indices for the maize genotypes studied

Y (ears) Y (pgp) Y (STAS) GY Mstr Pro Qil
Myze genotype code
(kg ha™) (%) (%) (%) (%)
L1 9,238.00 7,817.67 7,881.00 84.60 13.53 10.10 6.40
L2 7,057.33 5,873.67 5,936.00 83.20 13.03 10.20 6.40
L3 6,835.00 5,981.67 6,003.00 87.50 13.63 10.60 6.10
L4 6,236.00 5,278.67 5,371.00 84.70 12.47 9.30 6.30
L5 8,715.67 7,432.33 7,316.67 85.30 15.23 10.00 5.90
L6 6,338.67 5,448.33 5,611.33 86.00 11.33 10.40 5.90
L7 8,000.00 7,008.00 7,015.00 87.60 13.93 9.60 6.30
L8 10,352.67 8,856.33 8,910.33 85.50 13.50 10.30 5.90
CH9 11,222.33 9,888.00 10,027.67 88.10 12.80 7.90 6.20
CH10 11,949.33 10,377.00 9,793.33 86.80 18.87 7.80 6.20
CH11 12,694.67 11,059.67 11,026.00 87.10 14.30 8.80 6.00
CH12 9,867.33 8,783.67 8,727.33 89.00 14.57 7.30 5.50
CH13 9,596.67 8,484.33 8,599.67 88.40 12.80 7.80 5.50
CH14 10,231.33 9,035.00 9,141.33 88.30 12.93 7.20 5.80
CH15 12,839.33 11,640.00 11,579.33 90.70 14.47 7.30 5.20
SE +570.14 +524.38 +507.36 +0.51 +0.44 +0.33 +0.09

Source: original data, recorded from the experiment

The Anova test confirmed the safety of the
recorded experimental data, as well as the
presence of variance in the data set
(Alpha=0.001; F>Fcrit, p>0.001).

Table 2. Anova test

Source of )
Variation SS df MS F P-value | Fcrit
Between | 4 or409 | 6 |3.17E+08|172.7688.15E-50 | 4.1149
Groups

within | ) o108 | 98 | 1837381

Groups

Total 2.08E+09 | 104

Source: original data, resulted from the calculation.

The values of the Anova test are presented in
Table 2.

The correlation analysis led to the values in
Table 3. Very strong, positive correlations
were recorded between Y(pgp) and Y (ears),
r=0.997***  between Y(STAS) and Y(ears),
r=0.992*** and between Y(STAS) and
Y(pgp), r=0.996***. Moderate correlations
were recorded between Pro and Y(pgp), r=-
0.702**, Dbetween Pro and Y(STAS), r=-
0.703, between Pro and GY, r=-0.742 and
between Oil and GY, r=-0.741. Correlations
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with weak intensity were also recorded, under
statistical safety conditions (* p < 0.05; ** p <
0.001; *** p < 0.001), Table 3.

According to PCA (95% confidence), the
diagram in Figure 2 resulted, in which the two
groups of maize hybrids studied (L, CH) were
differentiated. The hybrids from group L were

Table 3. Correlation table

placed associated with the content of protein
(Pro) and oil (Qil), as biplot. The hybrids
from the CH group were placed associated
with the Y(STAS) parameter. PC1 explained
72.693% of variance, and PC2 explained
17.704% of variance.

Y (ears) Y(pgp) Y(STAS) GY Mstr Pro Qil
Y (ears)
Y (pgp) 0.997>*
Y(STAS) 0.992*** 0.996***
GY 0.559* 0.620* 0.634*
Mstr 0.515* 0.497 0.424 0.140
Pro -0.668** -0.702** -0.703** -0.742** -0.291
QOil -0.427 -0.476 -0.494 -0.741 -0.009 0.568*

Source: Original data.

Fig. 2. PCA diagram regarding the distribution of the
maize hybrids studied; blue color — ARSD Lovrin
hybrids; red color — commercial hybrids

Source: Original figure.

In the framework of the Cluster analysis,
based on the production parameters Y
(STAS), and quality (Pro, OQil), the
dendrogram from Figure 3 resulted, in
conditions of Coph corr. =0.740.

The grouping of the analyzed hybrids in two
distinct clusters was found. A C1 cluster
included hybrids from the CH group
(commercial hybrids) and a hybrid from the L
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group (L8 hybrid) with high yields and lower
protein and oil content.
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Fig. 3. Dendrogram of the maize hybrids studied, in
relation to production and quality indices (Pro, Oil)
Source: Original figure.

Hybrids from group L (Lovrin hybrids),
except L8, were associated in cluster C2. In
cluster C2 there are hybrids with high protein
and oil content.

In cluster C1 a high level of similarity was
recorded between CH12 and CHI13
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(SDI=127.66), and in cluster C2 a high level
of similarity was recorded between hybrids L2
and L3 (SDI=67.002), which was the highest
level of similarity at the level of the
experiment.

The differences in protein and oil content
were calculated, in relation to the average of
the experiment.

In the case of the protein content (Pro, %), the
average value was Pro=8.97%, and in relation
to the calculated average value, certain
hybrids (commercial hybrids, CH) had a
lower content, and other hybrids (hybrids
from group L, Lovrin) a higher protein
content. The graphic representation is given in
Figure 4.

2.00
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' | ~
N ©
Maize hybrids L

Fig. 4. The distribution of the differences regarding the
protein content in the maize hybrids, in relation to the
average of the experiment

Source: Original figure.
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In the case of the oil content (Qil, %), the
average value calculated at the experimental
level was Oil=5.97%, and in relation to the
average value calculated, it was found that
certain hybrids had a lower oil content, and
other hybrids a higher oil content. The graphic
representation is given in Figure 5.

Hybrids from experimental group L (Lovrin)
were highlighted by quality indices with
higher values (Pro, Oil).

In relation to the production, the commercial
hybrids (CH9 to CH15) presented higher

values compared to the group of genotypes
from Lovrin (L1 to L8). However, genotype
L8 ensured production at the level of three of
the commercial genotypes (Table 1),
respectively at the level of genotypes CH12,
Ch13 and CH14. This level of production was
recorded both in the case of Y(ears), as well
as in T(pgp) and Y(STAS), respectively.
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Source: Original figure.

At the level of the L (Lovrin) hybrids group,
the average  production value  was
Y (ears)=7,846.67+526.26 kg ha?, Y(pgp)=
6,712.08+449.50 kg hal,  Y(STAS)=
6,755.54+438.26 kg ha™.

At the level of the group of commercial
hybrids (CH), the average production value
was  Y(ears)=11,200.14+506.35 kg ha?,
Y (pgp)=9,895.38+452.47 kg ha,
Y(STAS)=9,842.10+429.11 kg ha™%.

In relation to the studied quality indices (Pro,
Oil), the group of genotypes L (Lovrin)
showed higher values than the group of
genotypes CH (commercial hybrid).

In the case of the protein content (Pro), at the
level of the L hybrids group (Lovrin), the
calculated average value was Pro=
10.06+0.15%. Genotypes L1, L2, L3, L6 and
L8 had values above the average.

At the level of the commercial hybrids group
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(CH), the calculated average value of the
protein content was Pro=7.73+0.21%. The
CH9, CH10, CH11 and CH13 genotypes were
above average.

In the case of the oil content (Qil), at the level
of the hybrid group L (Lovrin), the calculated
average value was  Oil=6.15+0.08%.
Genotypes L1, L2, L4 and L7 had values
above the average.

At the level of the commercial hybrids group
(CH), the calculated average value of the oil
content was Oil=5.77+0.15%. The CH9,
CH10, CH11 and CH14 genotypes were
above average.

Katsenios et al. (2021) [16] used PCA to
evaluate the relationship between production
and quality indices (e.g. protein, fiber) in
certain maize genotypes in relation to soil
properties. Amegbor et al. (2022b) [2] studied
the protein content of different maize lines in
order to improve the nutritional value of
maize genotypes in the context of Southern
Africa conditions.

Langyan et al. (2022) [18] studied the
nutritional diversity and quality indices in
native germplasm identified and collected
from different ecosystems in India, in order to
identify valuable genetic sources adapted to
environmental conditions.

An extensive and complex study on corn
quality indices (protein quality) was
conducted by Magbool et al. (2021) [21] for
the purpose of genetic characterization and
establishment of breeding strategies.
Appropriate genetic methods were used by Lu
et al. (2022) [19] to explain the protein
content of maize grains in relation to the
genetic basis.

Similar studies have been carried out to
explain the variation of oil content in corn
kernels (especially high values of oil content),
especially in relation to the genetic basis, but
also to influencing factors [12, 20].
Depending on the interest in the productive
level or the quality indices, the appropriate
maize genotypes can be chosen, in relation to
the intended purpose. For production,
Y(STAS), hybrids from the CH group
(commercial hybrids) are of high interest, and
for quality indices the genotypes from the L
group (Lovrin) are of greater interest.
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For the selection process of genotypes in
breeding programs, the genotypes from the
CH group (commercial hybrids) are of interest
for the production potential, and the
genotypes from the L group (Lovrin) are of
interest for the quality indices (Pro, Oil).

CONCLUSIONS

The two groups of maize genotypes (L, CH)
behaved differently in the study conditions, in
relation to the production potential and
considered quality indices (Pro, QOil).

The genotypes represented by commercial
hybrids (CH) showed higher production
potential, manifested by high production
values, with a higher average production
value compared to hybrids from group L
(Lovrin).

The genotypes from Lovrin (L) presented
better values for quality indices (Pro, Qil)
with higher average values for both quality
indices compared to the other group of

hybrids (CH).
For high levels of production and yield, tested
commercial hybrids (CH) present an

advantage for crop, as well as as a genetic
source for breeding programs, in terms of
productive potential.

For quality indices, protein and oil (Pro, Qil),
the genotypes from Lovrin (L) present an
advantage for breeding programs, in terms of
quality indices.

In order to obtain maize hybrids with high
production potential and to improve the values
of the quality indices (Pro, Oil), the base of
genotypes studied in the present study and
parental forms used for the transfer of
valuable traits can be considered.

For  production, for  practical  crop
management purposes, the more balanced
genotypes from the two tested groups can be
taken into account, which ensure more
balanced high productions but also quality
indices at a good level.
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Abstract

Rural development is the effort to ensure the economic, social, and cultural development of these communities in a
democratic way, by first creating a sense of need for individuals and communities living in rural areas and making
their living from the agricultural sector or similar rural occupations. For improving and optimizing Sustainable
Development Goals (SDGs) approaches for rural livelihoods, it is essential firstly to monitor and evaluate the
current situation on SDGs in target villages and its achievements, also to identify the challenges and opportunities
in this area. The purpose of study is to conduct surveys for assessment of current situation on SDGs and identifying
opinions and understandings of farmers/producers and extension providers/input suppliers on this issue in farms
located in Tovuz, Agstafa, Gadabay and Tartar districts in Azerbaijan. In the study, primary clients were farmers
and secondary clients were extension providers/input suppliers including different representatives from the public
and private sectors. During study, we identified the main pre-conditions, such as the technical, finance and
economic problems, natural resources and hazards that farmers face in agriculture, as well as main difficulties
faced by farmers in accessing agricultural extension services/trainings, also annual production volume and income
on the farm and other difficulties faced by farmers for achievement of SDGs in farms. In the study, data were
collected by face-to-face survey method from 47 farmers and 5 extension providers selected by random sampling
from Tovuz, Agstafa, Gadabay and Tartar districts. Simple statistical methods were applied in the evaluation of the
data obtained, and average and percentage calculations were performed. According to the results, farmers are
facing some challenges preventing the achievement of SDGs such as finance and economic problems, natural
resources and hazards, and technical issues in agriculture. To eliminate the negative effects of urbanization in
target villages, there is a great need to improve rural income sources and promote employment for people in rural
areas.

Key words: sustainable agriculture, sustainable development goals, rural livelihood, rural economy
INTRODUCTION sustainable system must maintain a stable
resource base by avoiding the
overexploitation of renewable resource
systems and consuming non-renewable
resources only to the extent that investment is
made as adequate substitutes. This includes
maintaining biodiversity, atmospheric

Sustainability includes the planning and
implementation of today and tomorrow to
ensure that economic development is
sustainable and that the needs of future
generations are met without depleting natural

resources and disturbing the balance of nature.
Sustainability can be divided into three main
sections as economic, environmental, and
social  sustainability. An  economically
sustainable system must be able to
consistently produce goods and services,
maintain manageable levels of government
and external debt, and avoid excessive
sectoral imbalances that harm agricultural or
industrial production. An environmentally

stability, and other ecosystem functions that
are not normally classified as economic
resources. A socially sustainable system
should be the provision of adequate social
services, including distributional equity,
health and education, gender equality and
political accountability and participation.
Sustainable development is the meeting and
development of those who live today and
those who will live in the future. To ensure
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social, economic, and environmental
sustainability, educating human resources in
rural areas is of strategic importance.
Agricultural activities constitute an important
part of the basic economic activities in rural
areas. Agriculture is the production of vegetal
and animal products, increasing quality and
efficiency, protection of products in
appropriate  conditions, processing, and
marketing under appropriate conditions. Since
the production of vegetal and animal products
can be done largely in rural areas, agriculture
and rural areas are directly related to each
other. Therefore, the development of
agriculture means the development of rural
areas [34].

The problems facing development in rural
areas are of a high complexity, the necessity
of a multi-dimensional development approach
towards these areas, and the need to change
the conceptual framework of rural policies
have created common views. It has emerged
that the sectoral perspective in the rural area
policies is insufficient and therefore it should
be transformed into a policy area with both
sectoral and spatial dimensions. Attention was
drawn to the necessity of using key elements
such as diversity in rural economies, the
development of small and medium-sized
enterprises, new technologies, and rural
tourism in sustainable development, and it
was concluded that the increase in services,
protection of the environment, and increasing
the quality of living spaces should also be
considered. For a sustainable balanced
development, the necessity and importance of
rural and urban-related developments have
emerged, as rural and the city are integrated
[54].

In 2015, the United Nations (UN) and its
member states adopted the 2030 Agenda for
Sustainable Development to ensure peace and
prosperity. The aim of this agenda is to ensure
the development of all countries in relation to
economic growth. It is also aimed at making
improvements in health and education,
reducing inequality, and tackling climate
change. To achieve these goals, 17
Sustainable Development Goals (SDGs)
including different purposes and actions are
implemented. These goals are based on a
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modern understanding of human development
that gives importance to health and education
and tries to increase welfare based on a
continuous economic growth process. The 17
SDGs are interrelated and include issues such
as security, production, and consumption for
the sustainable development of different
human settlements (cities, towns, and
villages). The creation of livable human
settlements is recognized as a clear indicator
of socially and economically sustainable
development [8].

Many studies have been carried out on the
obstacles to sustainable rural development in
rural areas and the development of different
solutions in different countries of the world.
Some studies present the main problems
encountered in the country and examined
regional conditions [12, 47, 45, 10, 51, 13].
Some authors specified rural tourism as a
solution proposal [44, 32, 5, 29, 22, 1, 48].
The relationship between environment and
ecosystem and rural development has been
investigated by [41, 31]. The use of digital
tools for this purpose has been evaluated by
[16, 52]. Some researchers investigated the
effects of rural development programs [27],
policies applied [50], funding for rural
development [49], rural migrations [35],
social capital [17], private and family farms
[30, 43, 15], agricultural cooperatives [20,
37], farm modernization [26] and Covid-19
[14].

Some researchers have developed different
approaches and created models on SDGs and
indicators [33, 39, 40, 18, 29, 19]

Today, the government of Azerbaijan
performs the dynamic, rapid and advisable
programs  for  achieving  Sustainable
Development Goals (SDGs) in the country,
especially in rural areas [6]. Considering the
principles of SDGs, the government of
Azerbaijan has implemented different state
programs for reducing poverty, promoting
rural livelihood, stopping urbanization, and
promoting the employment for people in rural
areas [7].

Other researchers issued recommendations
destined to ensure sustainable development in
rural areas in Azerbaijan [4, 23, 24, 21, 2].
This research should be continued and
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developed by studying the results obtained in
different countries.

For solving the problems encountered in rural
areas, especially to improve and optimize
SDGs approaches for rural livelihoods, it is
essential firstly to monitor and evaluate the
current situation and to identify the challenges
and opportunities in rural areas.

Considering the importance of measuring
SDGs in promoting rural livelihood, we
conducted surveys for assessment of current
situation on sustainable development goals
(SDG) in target villages located front-line
areas of Tartar, Tovuz, Agstafa and Gadabay
districts of Azerbaijan.

The purpose of study is to conduct the
research for assessment of current situation on
SDGs, as well as to identify the main
challenges and the opportunities on this issue
in the farms located in Tovuz, Agstafa,

Gadabay and Tartar districts in Azerbaijan. In
results of the study, we collected reliable data
and achieved to describe the original picture
of current situation related with SDGs in
farms located in target villages, as well as
identified the challenges and the opportunities
existed in this area and the road for improving
SDGs in target districts.

MATERIALS AND METHODS

The study was conducted in four target
districts including in Shicheybat and Garalar
villages of Tovuz district, in Kohnegishlag
village of Agstafa district, in Arabachi,

Farzali, Zamanli and Mormor villages of
Gadabay district and in Gazyan and Yukhari
Gapanli villages of Tartar district during July-
September 2022 (Figure 1).

Fig. 1. Districts and cities in Azerbaijan
Source: [56].

The study tools include individual interviews
and village level focus group discussion with
primary and secondary respondents in target
districts and villages. The research materials
consisted of results of questionnaires and
focus group discussion with different
stakeholders.

The framework for assessing the current
situation on SDGs in farms located in target
districts is described in Figure 2. As
illustrated in Figure 2, in general, for

assessment of current situation on SDGs, the
primary data was collected from main actors
consisted of primary and secondary
respondents relevant to this issue. In total, we
conducted 52 interviews including 47
interviews with farmers and 5 interviews with
extension providers. The respondents to be
surveyed were informed about the aims of the
study, their rights and limitations, their
voluntary participation in the study, and the
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prepared consent form was filled, and the
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Secondary - G
’ providers/inp
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Fig. 2. Framework of assessment
Source: Contribution of authors.

questions were answered.

Agricultural enterprises, bigger agribusiness companies
Agro-parks
Training and consulting organizations
NGOs and Civil societies

International organizations , donors and projects

' Input suppliers

Individual extension specialist
fellow farmers
SADCs (MoA)
RTCs (MoA)
Ris (MaoA)

ASAU (MoA)

Note: NGOs=None-Governmental Organization, SADCs= State Agricultural Development Centre, RTCs= Research
and Training Center, RIs= Research Institute, ASAU = Azerbaijan State Agricultural University, MoA= Ministry of

Agriculture

Along with the interviews, we also have
conducted the village level focus group
discussions with farmers in Shicheybat and
Garalar villages of Tovuz district, in
Kohnegishlag village of Agstafa district, in
Arabachi village of Gadabay district, in
Gazyan and Yukhari Gapanli villages of
Tartar district, also with extension providers
of Tartart Regional Training Centre for rapid
assessment of current situation on SDGs and
identifying opinions and understandings of
farmers/producers and extension providers on
this issue.

To collect accurate data and increase the
confidence level of surveys we planned to
cover all the target villages. Before the
survey, the targeted villages were identified
according to their social-economic indicators
gained by SADCs (State Agriculture
Development Centre). In result, we identified
the specific villages to conduct the surveys.
But to be on the safe side, we identified the
small-scale, medium, and large farmers, as
well as poor and vulnerable families
depending on their income per capita and
involved 1-2 representatives from each above-
mentioned group to surveys to cover all of
levels of families with different socio-
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economic indicators in target villages. The
respondents were chosen via a simple random
sampling method based on their production
resources and socio-economic indicators.

As for the number of respondents by districts
and villages, 11 respondents including 5
farmers from Garalar village and 6 farmers
from Shicheybat village of Tovuz district, 12
respondents including 11 farmers and 1
extension provider from Kohnegishlag village
of Agstafa district, 14 respondents including 5
farmers from Arabachi village, 4 farmers from
Farzali village, 4 farmers from Mormor
village and 1 farmer from Zamanli village of
Gadabay district, 12 respondents including 7
farmers from Gazyan village, 4 farmers and 1
extension provider from Yukhari Gapanli
village Tartar district, as well as 3 extension
providers of Tartart Regional Training Centre
were interviewed.

During the surveys, together with vulnerable
respondents, we also interviewed leader
farmers who are open to innovations to
describe the original picture of current
situation on SDGs in target villages. In these
meetings, we were discussing about the
awareness of farmers and extension providers
on SDGs, the identification of the special
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agricultural extension and training needs of
farmers and extension providers on SDGs, the
staff capacity, especially the updating
extension staff with new technologies and
Good Agriculture Practices (GAP) approaches
used to communicate with farmers, as well as
the challenges prevented to achieve SDGs in
farms.

During the field survey, the respondents were
"face to face" interviewed based on the use of
semi-structured questionnaires.

Before conducting the surveys in target
villages, the survey forms (questionnaires)
containing 11 pages were developed. The
questionnaires were designed in such a way
that we could obtain the right answers to the
questions we are looking for. Questions asked
were both open ended and closed. Also, the
questionnaires contain both qualitative and
quantitative questions. Before collecting
actual data, the questionnaire was pre-tested
to identify either irrelevant or to add missed
part.

During the interview, the following issues
were tried to be determined with the questions
prepared in advance.

- ldentifying financial and economic
problems, natural resources and hazards faced
by farmers to reach SDGs,

- To determine the level of knowledge of
farmers regarding SDGs,

- To determine the knowledge and skills of
farmers and their awareness on sustainable
natural resource management,

- To identify the main challenges faced by
farmers in agriculture.

According to the modern literature, there are
different methodological approaches aimed to
the socio-economic, ecological (natural) and
agricultural aspects of identifying indicators
for  assessing the  sustainable  rural
development in the regions [55, 28]. Today,
most of the researchers prefer to identify and
select the important factors with their
indicators  encouraging and  measuring
sustainable development of agriculture and
the rural areas [9, 25, 20, 42].

[36] used some economic indicators for
measuring  sustainable rural development
such as budget revenues of local or regional
self-government units per capita, number of

beds in rural tourism in relation to the total
population,  diversification of sources of
income on the farm (additional activities on
the farms), diversification of economic
activities in the rural area, number of EU-
level protected products in each county in
relation to the total number of such products
in the country, unemployment rate, GDP per
capita, productivity of agricultural production,
number of entrepreneurs in agricultural and
nonagricultural activities in rural areas,
education as a prerequisite for using
innovation, number of cars per household,
internet access- number of
connections/number  of  inhabitants  or
households, availability of infrastructure
facilities connected to agriculture, economic
vitality-the number of blocked and newly
established companies and land
fragmentation-average farmland size.
According to [38], the indicators used by them
for  assessing the  sustainable  rural
development in the region were coefficient of
changes proportionality in the territory's
transport, coefficient of changes
proportionality in the production
infrastructure of the territory infrastructure,
coefficient of balance, proportionality and
efficiency of changes in the results of using
production  resource under  production
subsystem and coefficient of changes
proportionality in the parameters of social and
household objects under social and household
subsystem of rural territories.

[46] stated the village SDGs indicators and
targets for measuring achievement of SDGs in
rural areas of Indonesia. The authors have
pointed out 17 SDGs with their relevant
indicators such as: 1.No Poverty (indicator:
Income per capita per day); 2. Zero Hunger
(indicators: Food menu; Frequency of eating);
3.Good Health and Well-Being (Number of
types of disease in 1 family within 1 year);
4.Quality  education  (Adult  household
members with good access to education);
5.Gender equality (Women's access to
education; Women's access to job
opportunities); 6.Clean water and sanitation
(Latrine ownership; Source of clean water);
7.Affordable and clean energy (Cooking fuel,
Access to electricity); 8.Decent work and
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economic growth (Unemployed working-age
household members; Diversified livelihoods);

9.Industry, Innovation, and Infrastructure
(Ownership  of  communication  tools;
Ownership  of  transportation  vehicle;

Household access to the internet and other
media); 10.Reduced Inequality (Access to
agricultural land); 11.Sustainable cities and
communities (Building area/house per number
of family  members); 12.Responsible
consumption and production (Commodity
history;  Garbage  disposal location);
13.Climate action (Availability of green open
areas at the neighborhood level); 14.Life
below water (None; Farmland management
level at household level); 15.Life on land
(Farmland management level at household
level); 16.Peace, justice, and strong institution
(Participation in community organizations)
and 17.Partnerships for the goals (Household
external network level).

Also, as experiences from Norway, [11] has
expressed key factors covering financial,
technological, knowledge and plan processes,
legal-laws and regulation,
organizational/institutional,  political, and
cultural categories which can be identified as
facilitating the implementation of the SDGs in
Norwegian local and regional planning.

In addition to the above-mentioned
approaches, according to the local priorities
related with sustainable rural development,
our approaches for measuring SDGs in target
villages differed from others a little. During
study, our surveys have covered the main
assessment factors aimed to the technical,
finance and economic problems, natural
resources and hazards that farmers face in
agriculture, as well as main difficulties faced
by farmers in accessing agricultural extension
services/trainings, also annual production
volume and income on the farm and other
difficulties faced by farmers for achievement
of SDGs in farms.

Simple statistical methods were applied in the
evaluation of the data obtained, and average
and percentage calculations were performed.
The obtained results are presented using
figures.

RESULTS AND DISCUSSIONS

36

Overall overview of agriculture in target
districts and surveyed villages

The target villages surveyed are in front-line
areas and far from the district center. The

target villages are mountainous except
Gazyan and Yukhary Gapanli villages of
Tartar district. Shicheybat and Garalar

villages of Tovuz district are in the lowlands.
Mountainous and foothill zones, where
positive and negative relief forms are shifted.
Kohnegishlag village of Agstafa district,
Arabachi, Farzali, Zamanli and Mormor
villages of Gadabay district are characterized
by hills, mountainous and foothill areas.
Gazyan and Yukhari Gapanli villages of
Tartar district are in the plain area.

Land use is mainly characterized by irrigation
farming in Gazyan and YukhariGapanli
villages of Tartar district. Kohnegishlag
village of Agstafa, Farzali, Zamanli and
Mormor villages of Gadabay district, as well
as Shicheybat and Garalar villages of Tovuz
district are known for dry farming and rain
crops are cultivated in these areas. But, today,
the results of our research show that these
lands have lost the status of non-irrigated
areas due to decrease of precipitation/rain fall.
The agricultural employees make up
approximately more than 50% of the labor
force of the target districts. Agriculture is
considered as a basic priority area in these
target districts and villages. In the target
districts, favorable climatic conditions and
fertile land cover allow for planting various
types of crops including grains (wheat, barley,
corn), legumes (peas, beans, etc.), vegetables
(potato, tomato etc.), melons, fruits, and
berries, as well as for animal production
including sheep, poultry, cattle (dairy cows
and cattle for slaughter) etc.

Analysis of data obtained from the target
villages shows that Garalar and Shicheybat
villages of Tovuz district are mainly
specialized in potatoes and legumes.
Arabachi, Mormor, Farzali and Zamanli
villages of Gadabay district are known mainly
for potatoes and cereals. The widely
cultivated crops in Kohnegishlag village of
Agstafa district are cereals, potatoes, and
legumes. The main crops produced in Gazyan
and Yukhari Gapanli villages of Tartar district
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are cereals, fodder crops (Luzerne), cotton and
legumes. Regarding animal production, the
target villages are mainly specialized to keep
the dairy cows, cattle for slaughter and sheep.
The analysis of data obtained from the
surveys shows that considerable growth
wasn’t achieved in grain production in target
villages. In Kohnegishlag village of Agstafa
district, in Arabachi, Mormor, Farzali and
Zamanli villages of Gadabay district and in
Gazyan and Yukhari Gapanli villages of
Tartar district, the average yield of wheat
amounted 1.9 tons/ha, 3.5 tons/ha and 3.1
tons/ha in 2022, respectively. But the current
yield of cereals is considerably lower than
potential resources. For instance: during
harvesting period in 2022, Agro-diary
company harvested 7-9 tons of wheat grain
per hectare which is about 2-3 times higher
than current productivity in the target villages
surveyed. Our observations show that this
situation is related to droughts and inadequate
growing practices used on farms.

As for potato production, which is main
product of surveyed villages, in Garalar and
Shicheybat villages of Tovuz district and in
Arabachi, Mormor, Farzali and Zamanli
villages of Gadabay district, the average
productivity of potato made up 9.4 tons/ha
and 10.5 tons/ha in 2022, respectively. The
reason for the low vyield of potato in target
villages is mainly the drought and unfavorable
growing season. Moreover, the average yield
of cotton, lucerne (dry hay production) and
sugar beet per hectare were 3.8 tons/ha, 21
tons/ha and 20 tons/ha in Gazyan and Yukhari
Gapanli  villages of  Tartar  district,
respectively. These productivity indicators of
cotton, luzerne and sugar beet are more lover
than average yield gained from advantage
farmers in our country. The results of our
research show that the poor yield of cotton,
lucerne (dry hay production) and sugar beet in
Gazyan and Yukhari Gapanli villages of
Tartar district is related with the drought,
water deficiency, unfavorable growing season,
and lack of the innovative and good practices
in plant production.

Therefore, statistical analyzes and results
obtained from questionnaires show that the
factual production indicators of plant

production and livestock in surveyed villages
are considerably lower than the potential. The
main causes of this problem are mainly
related to water deficiency, droughts,
unfavorable growing season and insufficient
knowledge and skills of farmers in surveyed
villages. It should be noted that these
surveyed villages did not achieve only the
world middle level, even country middle level
of productivity of main crops. This fact was
also stated in report on Building Azerbaijan's
Farming Middle Class funded by World Bunk
[53], as well as in national report prepared
under  "Strengthening of  Agricultural
Advisory Services” project funded by the
European Union (EU) and implemented by
FAO [3].

It allows us to note that most of farmers in
surveyed villages have not sufficient skills on
innovative  technologies and  business
management know-how and experience due to
the weak links to agricultural extension
services. Because, if the quality of extension
services was satisfactory, we could see these
successes in the productivity of crops
cultivated by farmers in surveyed villages. It
should be noted that, there is a great need to
integrate innovations in agricultural practices
and provide the trainings for farmers on
innovative and good practices in production of
main crops such as wheat, potato, legumes,
sugar beet, fodder crops and livestock
production.

General characteristics of respondents

When it comes to gender proportion, most of
the respondents interviewed were male
accounted for 85% (44 people) and the
minority of the participants were female
responsible for 15% (8 people) during the
survey period conducted in Tovuz, Agstafa,
Gadabay and Tartar districts.

During surveys, most farmers involved to the
surveys were male accounted for 87% (41
people), on the contrary the minority was
female responsible for 13% (6 people) (Figure
3). Also, 60% (3 people) of extension
providers involved to the survey were male,
on the other hand 40% (2 people) of them
were female (Figure 5).

37



Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development

Vol. 23, Issue 4, 2023
PRINT ISSN 2284-7995, E-ISSN 2285-3952

Gender proportion of farmers
interviewed

Fig. 3. The gender of respondents
Source: Results of survey

In terms of the age of respondents, the
majorities (37%) have an age category
between 51 to 60 years (mainly farmers older
than 50), 21% of them were aged between 41
to 50 years, 14% of them were aged between
30 to 40 years, 19% of them were aged
between 61 to 70 years and 9% of them were
aged older than 70 (Figure 4).

v
~
o

5

Fig. 4. The age of respondents
Source: Results of survey.

The results regarding the education
background of respondents interviewed are
illustrated in Figure 6.

Gender proportion of extension
providers interviewed

Fig. 5. Gender proportion of the interviewees
Source: Results of survey.
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Fig. 6. The education background of respondents
Source: Results of survey.

The land size of farms in target villages

In terms of the land size of respondents, from
the sampled farms, as illustrated in Figure 6,
all the respondents are small-scale farmers
(less than 50 hectares). Figures show that the
majority (52%) are small farms occupying
less than 1 hectare, 29% of them are farms
occupying less than 4 hectares, 13% of them
are farms having 10 hectares and 6% of them
haven’t land. In target villages, we can
classify the agricultural producers into three
groups: family farms and households.

%20 ha No land
0% -6%

“10ha oot
11% .<A §__ 13%
4 >
3-4 A f}ﬁ.\
o p—— 3
6% l

2-3 ha
2%

1-2 ha
10%

Fig. 7. The land size of respondents
Source: Results of survey.

By far the largest group (52% of total
respondents) consists of ‘households’ with
agricultural land producing mainly for home
consumption and family farms, which
comprise individual farmers that are market
oriented. Family farms have only 2-3 ha on
average, out of which households have plots
of 0.5 ha or less. According to the results of
our statistical surveys, average land per capita
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in the target villages amounts to 0.05-0.20
hectares which results in 0.5-2 hectares of
land per family.

The analyses show that 90% of agricultural
products are produced by family peasant
farms and households in surveyed villages.
Also, separate small farms lead to problems
such as expensive purchase of seeds,
pesticides and fertilizers, improper soil and
water use etc. To meet the social-economic
demands of small-scale farmers and change
their  approaches to good agricultural
practices, there is a great need to take the
advisable measures in surveyed villages. Also,
small-scale farmers are obliged to aim for
good agricultural practices which are
fundamental for high productivity.

The main factors affecting SDGs, especially
sustainable  agricultural and rural
development in surveyed villages

We know that the difficulties faced by farmers
in the field of agriculture prevent considerable
achievement of SDGs in farms. According to
the research and our observations, there are
financial and economic problems of farmers
including low prices of product, lack of
market information and high input cost;
natural resources and hazards related
problems such as decrease of precipitation,
increase of temperature, lack of water
resources for irrigation and poor soil and soil
fertility; and technical issues in agriculture
including lack of tools and equipment, lack of
agricultural knowledge in general, lack of pest
and diseases management, lack of application
of integrated pest management (IPM) and lack
of implementation of Good Agriculture
Practices (GAP).

Based on the results illustrated in Figure 3, in
Figure 8 there are shown the results on how
the respondents stated that their finance and
economic problems.

As illustrated in Figure 8, The main finance
and economic problems of the respondents are
mainly related with the lack of capital (29%),
high cost of inputs (21%), low prices of
product (15%), lack of market information
(11%), subsidies programs (11%) and other
related issues (13%).

Subsidy
programme Low prices
too of product
complicate 15%

d Other

Liqui

throughout Lack of
the year market
% information

11%
Fig. 8. Finance and economic problems of respondents
Source: Results of survey.

Concerning to the natural resources and
hazards related problems, the answers of
respondents interviewed showed that lack of
water resources for irrigation (28%), decrease
of precipitation/ rain fall (24%), soil erosion
(13%), poor soil and soil fertility (10%),
increase of temperature (9%), loss of
biodiversity, floods and other related issues
(16%) are main problems faced by farmers in
surveyed villages during growing season
(Figure 8).
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Fig. 9. Natural resources and hazards related problems of
respondents.

Source: Results of survey.

Based on both our observations made during
the survey process and the results of the
questionnaires, many respondents were faced
by technical issues including lack of pest and
diseases management (31%), the shortage of
farm tools and equipment and difficulties in
accessing agricultural machinery (30%), lack
of agricultural knowledge in general (17%).
Also, 22% of respondents state other technical
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problems such as lack of application of IPM,
lack of implementation of GAP for growing
plants, lack of skilled and knowledgeable
workers (Figure 10).

Lack of skilled and
agricult
i )
A

17%
Fig. 10. Technical inadequacies in agriculture
Source: Results of survey.

While the main purpose of countries,
especially developing countries, is general
development, the multiplier effect of the
added value obtained by rural development. It
is obvious that it will add potential value to
first regional and then general development.
At the core of the sustainable development
approach, development is not perceived as
just growth. Of course, there will be growth in
development, but this may not be enough for
development.  Sustainable  development
includes social values such as human and
environment rather than physical values such
as growth. For this reason, development for
the development of human resources in
sustainable rural development is defined as
human development and constitutes an
important structure for both rural development
and general development.

In a study conducted in Russia, rural
development includes development of the
labor market (staff potential), housing
construction in rural areas, increasing level of

household improvement, formation of a
modern  appearance,  arrangement  of
engineering infrastructure facilities and

improvement of fields located in rural areas.
However, it is production that determines the
development of all rural areas. Thus, to all the
above must be added the restoration and
improvement of agricultural production [51].
Another study conducted in Russia, an
information model for sustainable rural
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development was developed. The model
enables the formulation and evaluation of
settlement scenarios to solve sustainable rural
development problems. The research results
showed that the information model is an
effective tool for monitoring sustainable
development at the local planning level. The
strategy to be implemented in the country
should not only focus on economic
development, but also consider social,
environmental, political, and other dimensions
[19].

The purpose of study was to conduct surveys
for assessment of current situation on SDGs
and identifying opinions and understandings
of farmers and extension providers/input
suppliers. Based on the analysis of study,
main findings and results are described below:
In target villages, we can classify the
agricultural producers into three groups:
family farms and households. By far the
largest group (52% of total respondents)
consists of ‘households’ with agricultural land
producing mainly for home consumption and
family farms, which comprise individual
farmers that are market oriented. Family
farms have only 2-3 ha on average, out of
which households have plots of 0.5 ha or less.
According to the results of our statistical
surveys, average land per capita in the target
villages amounts to 0.05-0.20 hectares which
results in 0.5-2 hectares of land per family.
Also, separate small farms lead to problems
such as expensive purchase of seeds,
pesticides and fertilizers, improper soil and
water use etc. To meet the social-economic
demands of small-scale farmers and change
their approaches to good agricultural
practices, there is a great need to take the
advisable measures in surveyed villages. Also,
small-scale farmers are obliged to aim for
good agricultural practices which are
fundamental for high productivity.

The factual production indicators of plant
production and livestock in surveyed villages
are considerably lower than the potential. The
main causes of this problem are mainly
related to water deficiency, droughts,
unfavorable growing season and insufficient
knowledge and skills of farmers in surveyed
villages. It should be noted that these
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surveyed villages didn’t achieve not only the
world middle level, but even the country
middle level of productivity of main crops.

It allows us to note that most of farmers in
surveyed villages have not sufficient skills on
innovative  technologies and  business
management know-how and experience due to
the weak links to agricultural extension
services. Because if the quality of extension
services was satisfactory, we could see these
successes in the productivity of crops
cultivated by farmers in surveyed villages. It
should be noted that, there is a great need to
integrate innovations in agricultural practices
and provide the trainings for farmers on
innovative and good practices in production of
main crops such as wheat, potato, legumes,
sugar beet, fodder crops and livestock
production.

In relation to annual production volume in
farms surveyed in target villages, answer of
respondents shows that the production volume
of agro products in farms is low and there
were some deficiencies for self-sufficiency by
cereals, leguminous, potatoes, fodder crops
etc. This fact gives us a good insight into the
low-income farm problem of small farmers in
target villages.

The responses of respondents showed that
most farmers (88% of them) don’t conduct
farm assessment, margin analyzes of farm and
marketing surveys except 12% of them. This
fact shows that either the respondents
interviewed haven’t sufficient knowledge and
skills for conducting these assessments or
they haven’t been aware of the importance of
these issues. The farmers managed to trade is
sold poorly to wholesale buyers, because of
difficulties with moving around the country.
There is a great need for information
consulting services intended for the extension
providers and farmers about Good Agriculture
Practices (GAP): GAP in land preparations,
GAP practices for fertilizer application, GAP
related to water using, GAP in sowing and
seedling production, GAP in managing crop
pests and diseases, hygiene and safety hazard
during harvesting; new technologies in
vegetable growing, field and industrial crop
production; IPM for cotton, corn, winter
wheat, potato, vegetable growing and etc.;

Climate Smart Agriculture and Precession
Agriculture; Organic Farming  Systems;
Conservation agriculture, especially
conservation soil tillage in target villages.
Also, farmers are facing some challenges
preventing the achievement of SDGs such as
finance and economic problems, natural
resources and hazards, technical issues in
agriculture. To eliminate the negative effects
of urbanization in target villages, there is a
great need to improve rural income sources
and promote employment for people in rural
areas.

CONCLUSIONS

When the research results are evaluated in
general, it is seen that commercial production
is limited in farms with small lands. Farmers
encounter problems in the supply of inputs,
and they cannot irrigate adequately, especially
due to lack of water. It is stated that climate
change also has negative effects. Operational
lands cannot be evaluated effectively in this
way. Farmers must grow certain products. It
has been determined that farmers need
technical information, but extension services
are insufficient. Since farmers cannot develop
commercial production, they do not conduct
market research. Economic and financial
problems of farmers also negatively affect
their adoption of new production techniques.
They need more information and support on
GAP and organic farming practices. In
addition, it has been determined that
urbanization in the research region has caused
the use of agricultural lands for other
purposes.

In almost all countries, economic problems
are encountered in rural areas. Because this
sector is dominated by the agricultural sector.
The agricultural sector is also highly affected
by the changes in ecological, economic, and
political conditions. In this context, both
national and international policies and
strategies are determined and implemented in
the fight against economic conditions. The
measures to be taken and the policies to be
followed to reduce and prevent the economic
problems in developing countries are
important both in terms of ensuring the
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continuity of development and economic
growth. Therefore, effective policies for rural
areas should be produced in Azerbaijan as
well. Objectives should be determined with a
sustainable understanding and a holistic
approach in the formation of policies for
combating poverty and rural development.
Policy makers in Azerbaijan should evaluate
their effects on ecology, economy, and social
areas together while making decisions on
these issues. In addition, while determining
the policies, a wide participation including the
participation and contribution of the local
people, non-governmental organizations and
representatives of all organizations operating
in the region should be ensured.
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Abstract

Every activity and fruit production of viticulture farms always brings risks. It is therefore important to develop a
risk management system that allows for the identification, assessment and minimization of threats to the production
of grape products. The organization of such a system requires a detailed analysis and systematization of the risk
factors affecting the viticulture-wine-making activity. Reducing and managing risks is possible by knowing the risk
factors and the rules of behavior with the risks. Preventive measures taken to manage the risks that may arise, in
addition to the protection of the grape plant, will also create the conditions for increasing the product quality and
increasing the yield. The purpose of this study is to examine the different risk sources encountered in grape growing,
to reveal different risk management strategies that can be carried out by growers, and to compare and evaluate
these aspects of grape growing in Azerbaijan with examples from different countries. The main material of the study
consists of the data obtained from FAO, The State Statistical Committee of the Republic of Azerbaijan, The Ministry
of Agriculture of the Republic of Azerbaijan and the results obtained from previous researches on the subject. The
collected statistical data were arranged in the form of tables and figures and interpreted by making percentage and
index calculations. Risk management in grape production depends on the values, knowledge, past experience,
financial obligations of the growers, and the magnitude of potential gains or losses associated with any particular
risk.

Key words: grape producing, grape variety, risk analysis, risk strategies, viticulturists'behavior

INTRODUCTION

Viticulture in the world is generally carried
out between 20°-50° latitudes in the Northern
Hemisphere and 20°-40° in the Southern
Hemisphere. Temperature is the most
important factor preventing viticulture from
spreading to the north. The reasons such as
the various evaluation methods of grapes, not
being very selective in terms of climate and
soil requirements, being perennial and easy
reproduction methods are an important factor
in the widespread cultivation [18].

Grapes, like all fruits, are a very important
food source for humans. Grapes could be
consumed like: fresh food, wine, dried fruit,
fruit juice and other processed products [25].
Fresh grapes are an important source of
energy and nutrients, as they have high levels
of sugar and rich minerals. The vitamins,
sugar and minerals that grapes have can also

be beneficial to people with grape juice. For
these reasons, grapes and their products are
used in the treatment of kidney, liver and
intestinal diseases and anemia. Wine, which is
a low alcohol drink, is also a good source of
nutrients because it is made from grapes.
According to FAO data, 73.5 million tons of
grapes were produced on 6.7 million hectares
of land in the world in 2021.

AEEEEaEw 2y

Map 1. Grape production by countries
Source: FAOSTAT, 2023 [10].
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The most important countries in grape
production are respectively; China, Italy,
USA, Spain, France, Turkey, India,

Argentina, Chile and Iran. In 2021 (Map 1),
Azerbaijan has a share of 0.22% in the world
with a production area of 15,100 hectares, and
a share of 0.29% with a grape production of
209,843 tons [10].

Viticulture, which has an important place in
Azerbaijan agriculture, is faced with many
problems in the process from production to
growing, from growing to marketing. Among
these problems, the problems related to the
amount of product taken from the unit area
and low quality have an important place.
Productivity in viticulture is closely related to
the number and size of clusters and grains on
the vine, as well as the number of vines per
unit area. However, these characteristics are
affected by many internal and external factors
such as variety, rootstock, cultural practices
and environmental conditions. One of the
factors  affecting  productivity is the
characteristics of the fertilization biology of
the cultivars. On yield and quality; ecological
factors, rootstock and variety, training,
pruning, irrigation, fertilization, tillage,
diseases and pests, use of growth regulators,
etc. is effective.

The Azerbaijani government has published
forecasts for production in various sectors of
the agro-industrial complex for 2023. The
production of grains will continue to grow,
but the most noticeable will be the increase in
the production of fruits and berries.One of the
most important production branches in terms
of the sustainability of agricultural production
in  Azerbaijan and the provision of
international competition opportunities is fruit
growing. One of the important fruits is grapes.
Grape, which was one of the most important
fruits in the 1980s, has started to increase its
production areas again in recent years. In
many studies, the economic importance of
fruit growing and grape production for the
country and the necessity of its development
have been revealed [2, 22, 6, 7, 8, 13, 44, 40].
In Azerbaijan, most fruits are planted in
privately owned orchards, mostly by family
farms and households, on areas up to 2
hectares, and larger agricultural enterprises
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cultivate about 7% of the fruit area. In grape
production, about 30% of the area is used by
agricultural enterprises, and the share of larger
companies producing grapes is increasing
slightly over time. However, the average farm
size in grape production is still quite small
[41].

The different natural and economic conditions
of the Republic of Azerbaijan, the diversity
and complexity of the use of land resources
even in small areas, the presence of 8 out of
11 climate types in the world create the need
for theoretical and scientific studies. It will
also enable growers to make definite decisions
about the correct organization of viticulture
and to conduct experimental studies to
examine grape varieties ripening at different
times, as well as to examine the risks
encountered and develop strategies, to provide
high returns in viticulture.

Many studies have been carried out on the
morphological characteristics, genetic
variation and breeding of grape varieties in
Azerbaijan [9, 31, 32, 27, 14, 1, 20, 33, 22,
24, 15, 47, 34, 23, 45, 35, 30, 5]. Today,
however, grape growers face technical,
economic and environmental risks and try to
find solutions for them. For this reason, there
is a need to develop the risks in terms of
developing grape production in the country
and the researches on the management of
these risks.

The purpose of this study is to examine the
different risk sources encountered in grape
growing, to reveal different risk management
strategies that can be carried out by growers,
and to compare and evaluate these aspects of
grape growing in Azerbaijan with examples
from different countries.

MATERIALS AND METHODS

In this study, the risks in grape growing are
classified as risks encountered during the
production phase, risks during sales, financial
risks, human-induced risks and environmental
risks [37, 4]. Then, the sources of these risks
were evaluated by using the results of the
studies conducted in Azerbaijan and other
countries. In the study, some alternative
measures that farmers can take against risks
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have also been developed. The most important
measure that farmers can take against risks is
insurance. In the study, insurance practices for
viticulture in Azerbaijan were also examined
and concrete evaluations were made on the
subject.

The main material of the study consists of the
data obtained from FAO, The State Statistical
Committee of the Republic of Azerbaijan, The
Ministry of Agriculture of the Republic of
Azerbaijan and the results obtained from
previous researches on the subject. In the
study, evaluations were made with the data of
2012-2021 period.

The collected statistical data were arranged in
the form of tables and interpreted by making
percentage and index calculations.

RESULTS AND DISCUSSIONS

Recent Development in Grape Production
and Marketing in Azerbaijan

The "Viticulture and Winemaking Law"
leigslated in Azerbaijan on January 20, 2022
is the most important legal basis in the field of
viticulture. This law aims to develop
viticulture under free market conditions.

Also important is the "2012-2020 State
Program on the Development of Viticulture in
the Republic of Azerbaijan". This Program,
prepared by the Decree No. 1890 of the
President of Azerbaijan dated 15 December
2011, later covered the years 2018-2025 with
the Decree No. 38 dated 3 May 2018. The
State Program for the Development of
Winemaking in Azerbaijan has also been
prepared. With this program, it is aimed to
establish the scientific basis of viticulture,
develop production and establish processing
industrial enterprises. Within the framework
of this program, it is planned to expand
production areas [43].

According to the data of the State Statistical
Committee of the Republic of Azerbaijan,
while the area cultivated for grape in
Azerbaijan was 16,327 hectares in 2012, it
decreased to 15,962 hectares in 2021. On the
other hand, it is seen that cultivated area
formed by trees of fruiting age increased by
21% in 2012-2021 period. In 2021, cultivated
area formed by trees of fruiting age consisted

95% of the total area cultivated. While
150,987 tons of grape was produced in
Azerbaijan in 2012, grape production was
209,843 tons in 2021 (Table 1). While the
grape yield in Azerbaijan was 12,134 kg/ha in
2012, it was 13,951 kg/ha in 2020 and 13,897
kg/ha in 2021.

In 2021, 19.4% of areas cultivated were
located in  Mountainous-Shirvan region,
13.7% in Gazakh-Tovuz region, 12.6% in
Ganja-Dashkesan region. However, 31.7% of
grape production was from Gazakh-Tovuz
region, 11.5% from Lankaran-Astara region,
8.7% from Mountainous-Shirvan region
(Table 2).

Viticulture is carried out in many regions of
the country. However, the areas that are more
suitable for viticulture are shown on Map 2.
As the green color gets darker on the Map, the
suitability for viticulture increases [17].

In Azerbaijan, grape varieties are similar in
many characteristics and differ from others.
Local grape varieties have a wide variety
according to their morphological
characteristics.

Therefore, Azerbaijan grape varieties are
distinguished by the color, shape

and size of the fruits, ripening time, usage
direction, processing and storage features
[35].

The above statistics show that grape
production has increased rapidly in recent
years. Grapes can be grown in many regions
of the country. Grapes are sold for the fresh
market (about 60%) and for wine processing
(40%) [41].

The fresh market with grapes to be processed
for juices as well as seedless varieties is
attractive as a growing market.

The consumption of table grapes is increasing
steadily around the world. However, in
Russia, consumption has decreased in recent
years due to the economic recession of the
country, which affects the demand for grapes
more negatively than for other fruits. In the
global perspective, China, Turkey, Brazil,
Italy and Spain are the main producers of
table grapes and this can be considered as a
benchmark for Azerbaijani growers.
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Table 1. Change of area cultivated and grape production in Azerbaijan

Years Total Cultivated area Index Grape production Index Yield

area formed by trees of | (2012=100 (tons) (2012=100) (kg/ha)

cultivated fruiting age (ha)

(ha)
2012 16,327 12,443 100 150,987 100 12,134
2013 16,115 13,128 105 148,535 98 11,314
2014 15,904 13,491 108 147,701 98 10,948
2015 16,096 13,514 109 157,076 104 11,623
2016 16,004 13,941 112 136,499 90 9,791
2017 16,088 14,140 114 152,843 101 10,809
2017 16,064 14,371 115 167,591 111 11,662
2019 16,061 14,522 117 201,842 134 1,3899
2020 16,068 14,911 120 208,019 138 13,951
2021 15,962 15,100 121 209,843 139 13,897

Source: The State Statistical Committee of the Republic of Azerbaijan, 2023 [42].

Table 2. Grape production in Azerbaijan according to
regions (2021)

Regions Area Grape

cultivated | production Yield

(ha) (tons) (kg/ha)

Baku city 1,308 14,419 11,024
Nakhichevan
Autonomous
Republic 1,402 17,098 12,195
Absheron-
Khyzi 175 919 5,251
Mountainous
-Shirvan 2,931 18,274 6,235
Ganja-
Dashkesan 1,909 17,534 9,185
Karabakh 150 7,966 5,311
Gazakh-
Tovuz 2,062 66,442 32,222
Guba-
Khachmaz 778 7,511 9,654
Lankaran-
Astara 1,546 24,210 15,660
Central Aran 441 6,250 14,172
Mil-Mugan 212 5,762 27,179
Sheki-
Zagatala 950 11,834 12,457
East
Zangazur 19 215 11,316
Shirvan-
salyan 1,217 11,409 9,375
Total 15,100 209,843 13,897

Source: [42].

China's production is increasing rapidly, as is
its export to neighboring countries. Not
compatible with health-related fruits such as
grapes, strawberries or pomegranates. Many
exporting countries struggle to get prices that
pay off in international markets [41].

Most of the fresh produce in the country is
sold to local markets (open markets, street
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sale or grocery stores). Grape growers sell
their products to shops themselves (family
members) or through merchants.

Map 2. Suitable areas for gfépé 'producing'in
Azerbaijan
Source: [41].

Compared to other types of fruit, larger
volumes are available from large companies
and firms. Therefore, selling to larger
supermarkets is possible when growers can
comply with quality and stable supply
requirements. To obtain more stable and
profitable prices for their products, growers
need to invest in marketing activities and
chain links such as producer sales associations
that will allow them to sell in larger volumes
and exercise market power. This is extra
important to compete in the market. Table 3
shows the development of grape prices
received by growers. Compared to some grape
producers in the world such as Turkey, Iran
and Romania, it is seen that the prices
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received by the growers in Azerbaijan are
lower.

According to the data of the State Statistics
Committee, grape prices received by growers
have decreased in recent years. It has been
determined that prices have decreased
significantly especially after 2017 (Table 4).
Azerbaijan also exports fresh grapes and
grape juice to different countries. The change
in exports in the last ten years is presented in
Table 5. The countries that sell the most fresh
fruit and juice are Russia, Ukraine,
Kazakhstan, Belarus and  Germany,
respectively.

Table 3. Grower prices for grape in Azerbaijan,
Turkey, Iran and Romania

specializing in wine in Shanghai, China, local
producers and exporters will have the
opportunity to distribute their products as one
of the most competitive wines. It is aimed to
increase wine exports five times by 2025
[16].

Table 5. Grape and grape juice export of Azerbaijan

Year Grape (fresh) Grape juice export
export
Quantity | Value | Quantity | Value

(ton) ($1,000) (ton) ($1,000)
2012 300 247 26 36
2013 1,180 864 51 67
2014 462 345 20 27
2015 2,026 1,531 18 21
2016 4,158 2,485 22 25
2017 2,444 1,742 42 48
2017 3,210 2,349 139 179
2019 4,168 3,028 63 81
2020 6,630 4,906 81 92
2021 10,398 7,144 103 83

Year | Azerbaijan | Turkey Iran | Romania
($/ton) ($/ton) | ($/ton) | ($/ton)
2012 751 700 592 872
2013 1,007 692 559 736
2014 940 555 439 879
2015 715 545 429 723
2016 450 492 327 714
2017 407 436 420 769
2018 382 414 696 652
2019 329 449 798 756
2020 329 427 1,104 814
2021 394 410 1,968 846

Source: [10].
Table 4. Level and dynamic of grower grape price in

Azerbaijan
Years | Grower price (%) Grower price (*%)
2017 98.1 91.0
2018 100.9 91.9
2019 99.4 91.3
2020 99.1 90.5
2021 101.0 91.4

(*) Compared to the previous year,
(**) 2015=100, in percent
Source: [42].

in percent

In 2017, Azerbaijani winemakers produced
more than one million deciliters (or about
25,000 gallons) of wine, of which 375,000
deciliters ~ were  exported,  generating
approximately $6 million in revenue to the
country. According to the data of the
Azerbaijan Wine Producers and Exporters
Association, wine exports are being expanded
to Asia and Europe. The main importers of
Azerbaijani wine include Russia (338,000
deciliters) and China (27,000 deciliters). With
the opening of an Azerbaijan trading house

Source: [10].

Main Sources of Risk in Grape Growing
Since viticulture is a risky area like other
agricultural areas, these risks that may occur
during the production process should be taken
into account and appropriate preventive
measures should be taken. For this reason,
growers should think about the risks in
advance and be aware of the possible risks
and how they will cause harm. Because the
risk may arise as a result of the wrong
decisions of the grower. For this reason, the
lack of knowledge of some farm owners in the
field of grape development, cultivation and
protection can lead to difficulties and mistakes
in product production and may endanger the
farms.

Risk refers to factors that may occur and
damage the farm. As a grower manager, he is
constantly faced with various risks. However,
the grower should be aware that ways to deal
with risks are a risk reduction strategy.
Although risks are defined as undesirable
events and causes of loss, it is a multi-factor
process. In the study, it was determined that
the risks were concentrated in two groups
according to the source and scope of the risk
factors;

- External factors unrelated to the activities of
the farm. They are difficult to influence and
almost impossible to control;
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- Internal factors occurring in farm activities.
Such factors should be controlled and
influenced by management.

The main risks sources in viticulture can be
listed as follows [37, 4];

Risks in the production phase

Changes in the production process that are not
taken into account due to violation of
production technology, poor quality of
production tools, non-use of suitable planting
material in terms of biological, genetic and
phytosanitary, ignorance of growers about
agroecology,  agrobiology and  farm-
technological properties of introduced grape
varieties, etc. are matters.

It should also be noted that the vineyards
planted from poor quality, unknown origin
and non-standard vine saplings have a short
life span, and the product yield and quality are
very low. In addition, due to the lack of
domestic production of planting material and
the preference of foreign varieties for grape
planting, the local grape gene pool in
Azerbaijan is shrinking and disappearing
[29].

Globally, grapes are the fruit crop with the
largest area and highest economic value.
Grapes have a variety of pests and pathogens
that cause economic damage and require
control interventions. As a result, the use of
chemicals in grapes is one of the highest
among agricultural products [26].

Growers can benefit from meteorological data
and disease and pest prediction information in
order to combat diseases and pests and
develop strategies against risks. While
developing strategies against risks, growers
should also take into account their local and
economic impacts and apply them after
obtaining the necessary information on this
subject. Availability of information influences
growers' strategies. To this end, an empirical
analysis of the impact of improved disease
prediction information on grape growers'
behavior and the environment was conducted.
Temporal and spatial data on powdery mildew
treatments in California were used to estimate

growers' disease management procedural
patterns [19].
Risks during the sale: lack of market

research, lack of determination of sales
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channels, poor organization of marketing
services, lack of contractual management, etc
are matters. Market risks for grape growers
include reduced demand for grapes, lower
grape prices, and increased competition with
foreign or other domestic growers.

Grape growers may face production and
market risks. Market risk is evaluated as price
fluctuations as a result of changes in market
supply and demand. In a study conducted in
the USA, a simulation model was carried out
to include both types of risks simultaneously,
taking into account the combination of bud
mortality and weather effects on yields, as
well as production costs and prices [11].
Financial risks: the inefficiency of the
structure of material resources, debts
exceeding the acceptable level, the inability of
farms to pay, a decrease in product
profitability, etc. are matters.

Financial risks include restricted access to
capital, fluctuating interest rates, and slow
payment or non-payment from customers. It is
also possible to count government risks such
as poorly designed, intrusive, destructive and
costly policies and regulations.
Human-induced risks: lack of highly
qualified scientists and specialists in the field
of viticulture and winemaking, insufficient
professionalism of staff, incorrect assessment
of the time required for training and retraining
of personnel, incorrect setting of goals and
lack of clear definition of duties, duties and
responsibilities for employees, etc. are
matters.

Environmental risks: recently, the change
of the ecological system has been clearly felt.
From this point of view, it is of great
scientific and practical importance to
determine the changes in the phenological
stages of the grape plant, which are mostly
related to environmental conditions. Thus,
changes in environmental factors during the
ontogenesis of grapes have a significant effect
on the course of grape phenophases and the
resulting environmental stress factors do not
affect the life of the grape. It has been
determined that the change of environmental
conditions in the grape plant is accompanied
by the change of phenological phases [3].
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Even in some cases, natural disasters cause
complete destruction of vineyards or loss of
crops. The factor causing natural (ecological)
risk is the most dangerous risk for viticulture
farms. It affects the yield of grapes, the
technology of growing and the quality of
agricultural work. The efficiency of the work
of each farms depends on the
hydrometeorological characteristics of the
region [28]. It should be noted that the
occurrence of undesirable climatic conditions
(hail, drought, storm, diseases, excessive soil
moisture, frost, etc.) is poorly controlled and
these factors should be taken into account
when managing risks. In general, the
resistance of grape varieties to adverse
environmental conditions is not the same.
Therefore, the resistance of grape varieties to
spring frosts depends on the late opening of
buds and the replacement of shoots.
Viticulture in Peru is an important economic
activity for the production and export of early
table grapes or the production of wine and
pisco. In a study, it was determined that
climate change has negative effects on some
grape varieties grown in the Ica region of Peru
[46].

It is seen that the risks encountered in grape
and wine production are also classified as
climatic risks, growers' perception of risks,
markets and prices risks, relevance of data and
information availability in managing risk,
risks and transaction costs [37].

In a study examining the behavior of growers
under general risky conditions, growers'
perceptions of climate risks and strategies to
address them were evaluated. According to
the research, climate change causes cost
increases. The insurance rate of growers is
low. The results showed that the behavior of
growers is paradoxical because financial
instruments are costly and very difficult to
understand, although they have to face risks
[36].

In a study conducted in Italy, the risk
perceptions of producers regarding the risk of
production losses caused by climate events
were evaluated. The results showed that the
long-term perceptions of the growers were
significantly higher than the short-term, and
that individual beliefs about climate change

and personal experiences of past production
damage played a role in this difference [21].
Risk Strategies for Growers in Grape
Growing

Grape varieties with late budding and fertile
replacement shoots should be planted
especially in places where there is a danger of
spring frost. Therefore, the following
measures should be taken to manage the risks
arising from winter and spring frosts [4]:

1. Variety selection,

2. Directly affecting the trunk itself by
agrotechnical measures,

3. Influencing the environment surrounding
the trunk with agrotechnical measures.
Depending on the frosty climatic regions, it
should also be noted whether the grape plant
is protected from frost with a special method
in places with -15-16° C frost. Grape
seedlings are buried in the ground where
frosts fall below -15-16°C. In places where
frosts are below -35° C, the bushes are
protected from frost with a special method
[28].

Thanks to the development of the viticulture
and processing industry, it is possible to
significantly enrich the species composition of
quality food products in order to adequately
meet the demand for grapes and grape
products of the world market and the
population of the country. It is one of the most
important scientific issues in viticulture in
terms of examining the biochemical
composition of individual varieties, obtaining
a targeted and quality product during
processing, evaluating the quality of the
grains of grape varieties, determining their
suitability for use and examining their
biological nutritional value.

Knowing the weaknesses and strengths of the
aforementioned internal and external risk-
creating environment will enable the
evaluation, development and implementation
of methods to minimize and neutralize threats.
Thus, the following measures should be taken
to reduce the risks in viticulture;

1. It is necessary to determine the direction of
production: technical or table viticulture;

2. The conditions under which technical
varieties should be grown must be determined
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in advance, that is, a contracted breeding
system must be established.

Therefore, a farmer engaged in technical
viticulture should operate on a contractual

basis according to the conditions of the
processing plant close to the field. Harvest
content levels of grapes according to their
intended use are shown in Table 6.

Table 6. Approximate harvest status of grapes depending on the direction of use

Uses of grapes Approximate harvest status of grapes
Sugar (%) Acidity (%)

Fresh use 16-20 6-8

Use in making white table wines 17-20 7-10

Use in making red table wines 17-21 6-9

Use in the production of champagne wine material 16-20 8-12

Use in the production of cognhac wine material 16-19 8-12

Use in the production of wine material for dark wines 19-22 5.5-6.5

Use in the production of wine materials for dessert wines >22 5-6

Source: [28].

However, a study highlighted that written
contracts for the supply of grapes are more
reliable than informal agreements because of
the risk associated with purchasing grapes of
the required quality.

The unpredictable perishability of grapes due
to both physiological and climatic events can
make it difficult or uncertain to obtain the
desired quality grapes. It can even make it
costly at times. For this reason, vertical
integration strategies should be implemented
using detailed written contracts [12].

It is also beneficial for the growers to pay
attention to the following points :

1. Where table varieties are produced, it
should be determined whether they are used
for transportation to regions where grapes are
not grown or for storage in winter
warehouses.

2. Product variety should be provided on the
farm.

Therefore, if the climate (sum of active
temperature) of the area where the farm is
located allows, the field should be organized
from the variety group, from the earliest
maturing grape variety to the latest maturing
grape variety (Table 7).

In addition to the protection of the grape
plant, preventive measures applied to manage
the risks that may arise create favorable
conditions for the improvement of product
quality and reproduction of the product.
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Table 7. Active temperature sum and vegetation period
of grape varieties ripening in different periods

Grape Total active Time from bud
varieties temperature opening to full
from bud ripening of
opening to full fruit (day)
maturation of
gills (°C)
Ultra fast 2,000-2,200 100-110
growing
Very early 2,200-2,400 110-120
maturing
Fast growing 2,400-2,600 120-130
Moderately 2,600-2,800 130-145
grown
Late grown 2,800-2,900 145-165
Very late > 3,000 165-175
maturing

Source: [38].

The main preventive measures to be taken in
grape production are as follows;

- The area to be planted should be chosen
from well-ventilated areas..

- It should be ensured that the clusters mature
at the same time.

- The clusters and fruits should be protected
from sunburn.

- Varieties suitable for agricultural climatic
conditions should be chosen correctly.

- Planting scheme selection should be made
according to the variety and the varieties
should be placed correctly.

- Forms should be provided according to the
variety.

- The strength of the variety should be taken
into account when giving eye load to the
trunk.
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- Agrotechnical measures should be applied
correctly and in a timely manner.

The effects of climatic changes have become
more visible in recent years. One of these
effects is the negative effects on agricultural
productivity. Agricultural productivity
decreases due to uncontrollable climatic
events, which negatively affects profitability.
Growers are trying different strategies and
ways to reduce these effects of climate change
and try to maintain their production levels and
profitability. A study conducted in Italy found
that growers suffered productivity and income
losses due to climate change. In the study, it
was suggested that the most appropriate
strategy for climate change risks is insurance.
The empirical results revealed that the age and
education level of the growers are the
variables that support access to insurance for
quality grape production [39].

Insurance Applications for Vineyards in
Azerbaijan

On June 27, 2019, it was issued a decree
on the application of Law Ne 1617-VQ and
the Establishment of the Agrarian Fund,

on August 19, 2019, the decree on
"Agrarian Insurance" number 809. In
accordance  with  the  decree, an
Agricultural Insurance Fund  was

established to ensure the organization,
development, and sustainability of the
agricultural insurance system.

According to the Law of the Republic of
Azerbaijan "On Agricultural insurance”,
the agricultural insurance system in the
country is based on the principles of
public-private cooperation. The
Agricultural Insurance Fund is a non-
profit legal entity established by the state
and carries out insurance payments,
bearing risks. The management company
IS a joint insurer established by insurance
companies licensed for life insurance and
organizes the conclusion of insurance
contracts.

The agrarian insurance mechanism provided
insurance for 14 types of plants and their
products. Among them was the grape plant.
Insurance premiums for vineyard insurance
vary depending on the region and the
productivity of the vineyard. In different

regions, the rates for vineyard insurance at the
base rate range from 1.95% to 6.38%.
According to the rules, 3 insurance packages
are offered for grape plant insurance within
the framework of agricultural insurance. The
first of them is the "basic package", which
covers most of the risks, and the other
packages cover additional risks. Insurance
packages differ from each other both in the
amounts of exemption, as well as the risks
they cover.

In the first "basic package", the amount of
exemption is 10%. This envelope insures the
grape plant from hail, fire, earthquake,
landslides, hurricanes, storms and actions of
third parties.

1st Insurance package: In this package, risks
such as hail, earthquake, fire, landslide, storm
and hurricane are taken into account and
covered.

2nd Insurance package: The deductible rate in
this package is 30%. With this package, the
grape plant is protected from diseases and
pests, especially from the risk of spreading
and attacking dangerous pests. The risks
associated with this package are the risks of
spread and attack by plant diseases and pests,
especially dangerous pests.

3rd insurance package: The amount of
exemption for the third insurance package is
10%. This package protects the Grape plant
from the loss of quality caused by hail. Risks
associated with the 3rd insurance package:
guarantee of loss of product quality as a result
of hail risk.

Simply put, the 3rd insurance package
protects farmers from the deterioration of the
appearance and quality of goods as a result of
hail damage to the crop. The fact is that fruit
damaged by hail becomes cheaper, and this
circumstance causes financial damage to the
farmer. The 3rd insurance package is also
designed to replace this damage.

The choice of insurance package, depends on
the decision of the farmer or vineyard owner.
They can be satisfied with the first insurance
package only, or they can choose the 2nd and
3rd packages in addition to it. That is, the 2nd
and 3rd insurance packages cannot be selected
without choosing the basic package.
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Insurance rates and premiums required to
insure grapes vary depending on the type of
grapes, yield, price and selected insurance
package, as well as the region of the
country.In regions with a lower risk of natural
disasters, insurance premiums are lower.
However, in areas with a high risk of natural
disasters, insurance rates and fees are
relatively high.

CONCLUSIONS

In Azerbaijan, which is taking firm steps
towards independent development, reforms
are being expanded in the agricultural sector,
as in other areas of the economy, new
economic forms are being created, and new
processing and industrial enterprises suitable
for the market are created. However, recently,
as a result of global climate change and direct
human intervention, the flora has been
exposed to serious adverse effects. This
situation concerns growers closely and
requires them to take more precautions.

One of the recent interests of researchers is to
develop measures that can be taken against
risks arising from different reasons. Most
research, however, looks at the risks from
climate change and the strategies that
vineyard producers can adopt to address such
risks. However, it is useful to evaluate the
risks from multiple perspectives. Considering
the studies done in the world, it will be useful
to examine the same issues for Azerbaijan and
to apply the same methodologies. In addition,
it is useful to address the issues in terms of the
wine industry. At the farming level, it is
useful to examine producers' decisions at risk
and their choices to handle different types of
risk, taking into account costs and revenues,
including cost-benefit analysis. Depending on
the specificity of the country and region,
breeders should take measures to address and
manage varying risks. It is possible to manage
the expected risks with the timely and correct
implementation of the aforementioned
measures.

Risk management in
depends on the values, knowledge, past
experience, financial obligations of the
growers, and the magnitude of potential gains

grape production
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or losses associated with any particular risk.
Success in risk management in grape
production depends on strategies to create
adequate and effective personnel, control
pests and diseases, optimize vineyard root
zones, and regulate vine growth, canopy
characteristics, and crop levels and quality.
Reliable materials, equipment, labor and
specialized machinery operations production
necessary to minimize risks. Seeking sound
know-how, encouraging grape production
research, and further training reduce technical
risks.

Growers need to carefully assess and manage
risks for the economic management of
agricultural enterprises. This is particularly
important in agriculture, where climate
change has led to lower productivity and
profitability. Compared with agriculture,
industrial sector, man cannot control the
whole production process. Biological and
climatic factors play a very important role. To
mitigate the risks from climate change,
insurance policies should be created and the
state should intervene with aid to support
some of the spending towards farmers'
payments. However, despite the positive
benefits of adopting insurance policies,
growers may not choose to insure because of
the cost. To improve the way growers adapt to
increasing climate change, insurance contracts
should be promoted and competition among
insurance companies should be encouraged to
guarantee policy cost reductions.

As market risk management strategies, it is
possible to list sales and marketing research,
creating a diverse customer base, participating
in regional promotion efforts, choosing a
diversified variety, and making a difference in
the grape market with production techniques
and methods. In terms of financial risk
management, we can list well-designed
contracts with  various reliable grape
customers, creating a certain amount of equity
in business assets, using controlled debt,
building cash and credit reserves, and
establishing close relationships with the
lender.



Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development

Vol. 23, Issue 4, 2023
PRINT ISSN 2284-7995, E-ISSN 2285-3952

REFERENCES

[1]Akparov, Z., Musayev, M., Mammadov, A,
Salimov, V., 2010, Study of the genetic resources of
grapevine in Azerbaijan. Agricultural Science in
Azerbaijan 1-2:40-44.

[2]Akparov, Z., Musayev, M., 2012, Diversity of the
fruit plant genetic resources in the Azerbaijan.
Proceedings of the 1st International Symposium on
Wild Relatives of Subtropical and Temperate Fruit and
Nut Crops, March 19-23, 2011, California-USA, Acta
Horticulturae 948:33-40.

[3]Aleinikova, G.Y., 2018, Phenology of grapes in
conditions of local climate change (Yalta: Magarach),
Viticulture and Winemaking, 3:4-6.

[4]Alekberova, M.M., 2020, Ways to eliminate the
effects of adverse environmental conditions on grape
plants, intensive horticulture in Azerbaijan, Proceeding
of Conference of Achievements, Perspectives,
Problems and Solutions, February 21, 2020, Azerbaijan
State Agricultural University, Ganja, p. 21-26.
[5]Alekberova, M.M., Aslanova. F.A., 2022,
Localization of grape varieties suitable for the natural
and economic regions of our republic and the
organization of the "sweet conveyor" in viticulture,
Proceeding of Conference of the Application of the
Science-Teaching-Production Trend in the
Development of Priority Production Areas in
Horticulture: The Way from Theory to Practice
Conference, Ganja, p. 83-85.

[6]Aliyev, Z.H., 2018a, Agriculture in Azerbaijan and
its development prospects. Acta Scientific Agriculture
2(8):79-91.

[7]Aliyev, Z.H., 2018b, Irrigated agriculture problems
in Azerbaijan and 1ts development prospects.
International Journal of Medical and Biomedical
Studies 2(5):1-6.

[B]Aliyev, Z.H., 2019, Problems of agriculture in
Azerbaijan and the prospects of its development.
Journal of Plant Sciences and Crop Protection
2(1):104-109.

[9]Aliyev, R., Huseynova, T., Musayev, M.,2007,
Biodiversity of grapes on the plant resistance to
drought and salinity, Proceedings of VIII International
Symposium on New and Non- conventional Plants and
the Prospect of their Use, Volume Il. Moscow-Russia,,
p. 33-35.

[LO]JFAOSTAT, 2023, Production, Trade and Price
Statistics,  https://www.fao.org/faostat/en/#data/TCL,
Accessed on 26 July 2023.

[11]Folwell, R.J., Gebers, B., Wample, R., Aegerter,
A., Bales, T., 1997, Production and marketing risks
associated with wine grapes in Washington,
Washington State Univ., College of Agriculture and
Home Economics Research Center.

[12]Franken, J.R., Bacon, K.J., 2014, Organizational
structure and operation of the Illinois wine
industry.Agricultural and Resource Economics Review
43(1):104-124.

[13]Gulaliyev, M.G., Abasova, S.T., Samedova, E.R.,
Hamidova, L.A., Valiyeva, S.l., Serttash, L.R., 2019,

Assessment of agricultural sustainability (Azerbaijan
case). Bulgarian Journal of Agricultural Science 25
(Suppl. 2): 80-89.

[14]Gurbanov, M.R., Salimov,V.S., 2010, Selection of
valuable genotypes from populations of the Kishmish
pink and Kishmish white grape varieties by clonal
breeding in the conditions of Absheron. National
Academy of Sciences of Azerbaijan 5:86-94.
[15]Gurbanov, M.R., Salimov, V.S., 2014, Some clonal
selection of raisin grapes of Azerbaijan. National
Academy of Sciences of Azerbaijan 70(3):70-74.
[16]Hamidova, L., Valiyeva, S., 2020, Current situation
and opportunities for increasing grapes and wine
exports in Azerbaijan, Proceeding of 55th International
Scientific Conference on Economic and Social
Development, 18-19 June, 2020, Baku-Azerbaijan,
p.354.

[17]Hennen, W., Daane, A., Duijvendijk, K.V., 2017,
Global-Detector; GIS- and knowledge-based tool for a
global detection of the potential for production, supply
and demand, Proceedings of the 3rd International
Conference on Geographical Information Systems
Theory, Applications and Management; Porto,
Portugal, 27-28 April 2017, pp.161-168.

[18]Kocturk, O.M., Engindeniz, S., 2009, Energy and
cost analysis of sultana grape growing: A case study of
Manisa, west Turkey. African Journal of Agricultural
Research 4(10):938-943.

[19]Lybbert, T.J., Magnan, N., Gubler, W.D., 2010,
Powdery mildew risk and forecasting in wine grapes:
do growers change risk management strategiesin
response to disease forecasts? Proceeding of Annual
Meeting, July 25-27, 2010, Denver, Colorado (No.
61745). Agricultural and Applied Economics
Association.

[20]Maghradze, D., Akparov, Z., Bobokashvili,Z.,
Musayev, M.,Mammadov, A., 2012, The importance,
usage, and prospective of crop wild relatives of fruits,
grapevine, and nuts in Georgia and Azerbaijan.
Proceedings of the 1st International Symposium on
Wild Relatives of Subtropical and Temperate Fruit and
Nut Crops., Davis, Califor- nia, USA, March 19-23,
2011., Acta Horticulturae, 33-40.

[21]Menapace, L., Colson, G., Raffaeli, R., 2014,
Farmers’ climate change risk perceptions: an
application of the exchangeability method, EAAE 2014
Congress (Agri-Food and Rural Innovations for
Healthier Societies), August 2014.

[22]Musayev, M., Akparov, Z., 2013,Centuries-old
results of cultivation and diversity of genetic resources
of grapes in Azerbaijan, Chapter 5, The Mediterranean
Genetic Code - Grapevine and Olive (Edit: B Sladonja
and D Poljuha), IntechOpen, pp.99-123.

[23]Musayev, M.K., Akparov, Z.I., Mammadov, S.H.,
Kuliyev, V.M., 2015, Results of the study of genetic
resources of grapes in Azerbaijan. Acta Horticulturae
1074:15-22.

[24]Musayev, M.,2014, Biodiversity and breeding of
grapes: a study in Azerbaijan. Journal of Crop and
Weed 10(1):25-36.

55



Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development

Vol. 23, Issue 4, 2023
PRINT ISSN 2284-7995, E-ISSN 2285-3952

[25]Ormeci Kart, M. C., Gul, M., Karadag Gursoy, A.,
2018, Technical efficiency in grape production: A case
study of Denizli, Turkey, Scientific Papers series
Management, Economic Engineering in Agriculture
and Rural Development, 18(4):211-217.

[26]Ponti, L., Gutierrez, A.P., Boggia, A., Neteler, M.,
2018, Analysis of grape production in the face of
climate change. Climate 6(2):1-15.

[27]Salayeva, S., Decroocq, S., Mariette, S,
Akhundova, E., 2010, Comparison of genetic diversity
between cultivated and wild grape varieties originating
from the Near-Caspian Zone of Azerbaijan. Journal
International des Sciences de la Vigne et du Vin.
44(4):191-200.

[28]Salimov, V.S., Sukurov, A.S., Nasibov, H.N.,
Huseynov, M.E., 2018, Grape: innovative cultivation
technology, conservation and agroecology, Teacher's
Publishing House, Baku,p.245-250.

[29]Salimov, V.S., Huseynov, M.E., Sukurov, A.S.,
Nasibov, H.N., 2019, Innovative different technologies
and risks in viticulture, Teacher's Publishing House,
Baku, p 298-311.

[30]Salimov, V.S., Huseynov, M.E., Huseynova, A.,
Shukurova, V., Musayeva, E., Najafova, A., Agayev,
U., Guliyev, V., 2022, Examination of variability in
morphological and biological characteristics of some
grape varieties of Azerbaijan. Viticulture Studies. 2(2):
81-93.

[31]Salimov, V.S., 2009, Prospects of accumulation,
protection and long-term use of genetic resources of
grapes. Agrarian Science of Azerbaijan 6:39-42.
[32]Salimov, V.S.,2011, Determination and study of
variations and biotypes in populations of some table
grape varieties. Agrarian Science of Azerbaijan 3:31-
35.

[33]Salimov, V.S., Gurbanov, M.R., 2012,. The results
of long-term research on the accumulation, study,
evaluation and use in the selection of the gene pool of
grapes of Azerbaijan. News of National Academy of
Sciences of Azerbaijan67(1):68-80.

[34]Salimov, V.S., Musayev, M., Asadullayev, R.,
2015, Ampelographic characteristics of Azerbaijani
local grape varieties. Vitis 54:121-123.

[35]Salimov, V.S., Shukurov, A., Asadullayev, R,
2017, Study of diversity of Azerbaijan local grape
varieties basing on OIV ampelographic descriptors.
Annals of Agrarian Science 15(3):386-395.
[36]Salk,S.B., Blondel, S., Daniel,C., Crapsky, C.D.,
Jutard, C., Sejourne, B., 2007, Management of climate
risks in the wine sector, Proceeding 101st EAAE
Seminar (Management of Climate Risks in
Agriculture), July 5-6, 2007, Berlin- Germany.
[37]Seccia, A., Santeramo, F.G., Nardone, G., 2016,
Risk management in wine industry: a review of the
literature, 39th World Congress of Vine and Wine,
Vitiviniculture: Technological Advances to Market
Challenges, 24-28 October 2016, Bento Gongalvez-
Brazil, BIO Web of Conferences, 7:1-5.
[38]Serifov, F.H., 2013, Viticulture.
Publishing House, p.165-359.

East-West

56

[39]Sgroi, F., Sciancalepore, V.D., 2022, Climate
change and risk management policies in viticulture.
Journal of Agriculture and Food Research 10:1-6.
[40]Shalbuzov, N., Fikretzade, F., Huseyn, A.R., 2020,
The international competitiveness of Azerbaijani fruit
and vegetable products. Studies in Agricultural
Economics 122: 51-55.

[41]Streef, A., 2017, Master plan Azerbaijan: fruit
sector assessment, Wageningen Economic Research
and Delphy, The Netherlands, 26 p.

[42]The State Statistical Committee of the Republic of
Azerbaijan, 2023, Agricultural Statistics,
https://www.stat.gov.az, Accessed on 22 July 2023.
[43]The Ministry of Agriculture of the Republic of
Azerbaijan, 2023, Viticulture Production Programs,
https://www.agro.gov.az, Accessed on 20 July 2023.
[44]Valiyeva, S., 2020, Current situation and
development opportunities of the grape and wine
export in Azerbaijan. Agricultural Economics 31:85-
92.

[45]Vugar, S., Musayev, M., Asadullayev, R., 2015,
Ampelographic characteristics of Azerbaijani local
grape varieties. Vitis 54:121-123.

[46]Yzarra, W., Sanabria, J., Caceres, H., Solis, O.,
Lhomme, J.P., 2015, Impact of climate change on some
grapevine varieties grown in Peru for Pisco production.
OENO One 49(2):103-112.

[47]Zarneh, S.N., Aminzadeh, B., Dinpanah, G.R.,
Barzegar, S., 2014, Study of compatibility of grape
with East-Azerbaijan climate. International journal of
Advanced Biological and Biomedical Research
4(2):192-198.



https://www.stat.gov.az/
https://www.agro.gov.az/

Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development
Vol. 23, Issue 4, 2023
PRINT ISSN 2284-7995, E-ISSN 2285-3952

HONEY AND THE IMPORTANCE OF HONEY SUPPLY IN SIBIEL
VILLAGE, SIBIU COUNTY, ROMANIA

Tuliana ANTONIE!, Ghizela VONICA?, Elena Cosmina CAIBAR!

“Lucian Blaga” University, The Faculty of Agricultural Sciences, Food Industry and the
Protection of the Environment, Sibiu, 7-9 Dr. Ion Ratiu, 550012, Sibiu, Romania, Phone: +40
269 211338, Fax: + 40 269 213381, E-mails: iuliana_antonie@yahoo.com,
elena.caibar@ulbsibiu.ro

2Natural History Museum, 1st Cetitii Street, 550160, Sibiu, Romania, Phone: +40269 436 545,
Fax: +40 269 211 545, E-mail: aghizela@gmail.com

Corresponding author: iuliana_antonie@yahoo.com
Abstract

For beekeepers, understanding the honey base in their area is crucial to producing quality honey. Placing hives in
locations with adequate nectar and pollen sources can lead to honey production with area-specific properties. In
addition, knowledge of the honey flora in a certain region can help identifying optimal times for nectar collection. It
is also important to monitor and manage the honey flora in order to maintain bee health and ensure the availability
of food sources. This research has two objectives: identification of the honey flora in Sibiel village, Sibiu county,
Romania and the quality analysis of honey collected from the area. The honey bee flora was analysed according to
several classification criteria: botanical, by the type of food provided to the bees, by biological and economic
criteria. In the laboratory, the following quality analyses of honey samples from the four hives studied were carried
out: acidity index, electrical conductivity, pH and water content determination. The results obtained show that Sibiel
has a honey production base that ensures maintenance, development and even production for upcoming years, and
that the honey is a natural, high quality product with high chances of certification.

Key words: honey base, honey quality, Sibiel village, Romania
INTRODUCTION production. This binomial, which has a major
impact on pollination and plant reproduction,
adds, in our era, a third factor: the beekeeper
who completes the relationship and enhances
the finished product, thus adding the
economic and social aspect of beekeeping [1,
2, 3, 4, 5]. In this symbiotic honeybee-flower
relationship, the honey plants produce nectar
and pollen, essential resources for the bees,
and the bees in turn collect the nectar to turn it
into honey. The honey base is the primary
source of honey and plays a crucial role in
determining the quality, taste and nutritional
attributes of this important hive product.

The diversity of plants in the hive
environment has a major impact on the
characteristics of the honey produced.
According to information in the literature, at

Bees fed the gods as well as mortals. They
have been admired by everyone, especially
scientists, for whom the organisation of the
bee family was a model for the organisation of
human society. The Greek Herodotus said
from the darkness of the Hyperborean lands:
"The lands beyond Istru are difficult to
penetrate because of the multitude of bees".
The "king of kings", Darius, entered in his
desire to expand his kingdom. Alexander
Macedon also entered in order to impose
peace on the rebellious tribes, and then left for
his campaign in Asia, from where he returned
ten years later in a coffin of honey. Historical
accounts state that the diet of the Geto-
Dacians consisted mainly of milk, vegetables,

fruit and honey [11]. The metopes on the
Rome column also confirm these claims.

The honeybee - honey flower relationship is a
truly indestructible relationship, essential for
natural  ecosystems and  agricultural

present, more than 1,000 plant species are
identified that provide nectar for bees [7], of
which 398 species have been identified in our
country, with relevant significance in the field
of beekeeping, representing pollen, nectar and
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manna resources, essential for bee welfare
[17]. From a practical point of view, honey
plants are distributed in the following
categories: plants cultivated for agricultural
purposes, fruit trees and shrubs, forest species,
as well as plants that provide nectar in
meadow and pasture ecosystems [12]. These
categories are considered either reliable,
accessible sources of nectar and pollen that
provide high honey vyields, or sources with a
role in early harvest or maintenance, all of
which result in a wide range of honey
assortments. In this context, the purpose of
this research is identification of the honey
flora in Sibiel village, Sibiu county, Romania
and the quality analysis of honey collected
from the area. The flora is studied from a
botanical, biological and economic point of
view. Honey quality was analyzed in the
laboratory, assessing acidity index, electrical
conductivity, pH and water content.

MATERIALS AND METHODS

Sibiel is a picturesque "touristic village"
located in Sibiu county, in the centre of
Romania, in the Cindrel Mountains. Known
for its traditional charm, rich diversity of
flora, including traditional orchards with local
varieties of fruit trees, deciduous and

coniferous forests and a variety of wild plants,
it presents itself as a favourable environment
for the development and expansion of
beekeeping
production.

activity and higher honey

Fig. 1. Locatio of the apiaries in Sibiel village
Source: Google Maps.

The study was carried out in four stationary
apiaries (study areas) in the area of Sibiel. The
apiaries belong to the families: Saroiu Daniel
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(Apiary 1), Somesan Maria (Apiary 2)
Ciorgoda Sorin (Apiary 3), Moga Ilie (Apiary
4) (Fig. 1). The apiaries are located at an
altitude of 575 m.

The investigation period was the entire
growing season of 2022. The sample areas in
the four apiaries were 10 m x 10 m. The
floristic species in each sample were
observed, photographed in order to identify
and inventory them. Direct, qualitative
collections of botanical material were made. It
was prepared for transport to the laboratory
where it was identified wusing various
bibliographic resources [6, 8, 10, 13, 14, 15,
16, 18]. Honey samples were also taken from
the four apiaries in the study. Sampling was
carried out with sterilised instruments in clean
glass containers that provided adequate
protection against contamination, damage and
leakage. The containers were labelled and
transported to the laboratory of the Faculty of
Agricultural Sciences, Food Industry and
Environmental Protection, "Lucian Blaga"
University of Sibiu for qualitative analyses
such as: determination of honey acidity index;
determination of honey electrical
conductivity; determination of honey pH;
determination of water content. The standard
norms STAS SR 784-3: 2009 in Romania and
1151/2012 in Europe were respected.

RESULTS AND DISCUSSIONS

Honey is considered the most valuable food
available to man. The product, extracted from
honeycombs, is made from nectar, which is
not only a source of sugar for bees, but also
the main factor contributing to the variety and
quality of honey. The origin and quality of
nectar is essential for the production of high
quality honey, and the diversity of nectar
sources plays a significant role in the rich and
complex range of honey available. Thus,
knowledge of the honey resource by
beekeepers is important and is considered the
key to success in achieving high quality and
high production.

Objective 1. In order to support the
beekeepers in the area of Sibiel in the efficient
management of honey resources, we present a
list of the most common species of honey
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plants in the study area. The identified
honeybee species have been organized in
alphabetical order, grouped by families and
species:

Apiaceae: Daucus carota L. ssp. sativum
(Hoffm.) Arc;

Asteraceae: Taraxacum officinale Weber s.I;
Betulaceae: Corylus avellana Al.;
Boraginaceae: Myosotis scorpioides L.;
Brassicaceae: Barbarea vulgaris W.T.Aiton,
Brassica nigra (L.) Koch;

Convolvulaceae: Convolvulus arvensis L.;
Cucurbitaceae: Bryonia alba L.;

Fagaceae: Castanea sativa Mill.;
Juglandaceae: Juglans regia L.;

Lamiaceae: Clinopodium vulgare Bentham,
Glechoma hederacea L., Lamium album L.,

L. maculatum L., Melissa officinalis L., Salvia
glutinosa L., Stachys sylvatica L.;
Leguminosae: Lotus corniculatus L.,

L. Pedunculatus Cav., Medicago lupulina L.,
M. sativa L., Robinia pseudoacacia L.,
Trifolium repens L., T. pratense L., T. rubens
L., Vicia hirsute (L.) Gray, V. sativa L., V.
sepium L.,

V. villosa Roth.;

Malvaceae: Malva neglecta Wallr.;

Oleaceae: Syringa vulgaris L.;
Papaveraceae: Chelidonium majus L.;
Rosaceae: Cerasus vulgaris Mill., Cydonia
oblonga Mill., Filipendula ulmaria (L.)
Maxim., Fragaria vesca L., F. viridis Duch.,
Malus domestica Borkh., Prunus cerasifera
Ehrh., P. domestica L., Pyrus communis L.,
Rosa canina L., Rubus caesius L.,
R. idaeus L.;

Rubiaceae: Galium verum L.;

Violaceae: Viola canina L.;

Vitaceae: Vitis vinifera L.

In order to improve the organization and
understanding of honey plants in the area,
various classification criteria have been
adopted including: botanical, by type of food
provided to bees, by biological and economic
criteria [8].

1. Botanical classification. In the analysed
apiaries, located in uncultivated or semi-
cultivated gardens in Sibiel, 109 plant species
were identified [19], of which 47 species have
honeybee potential. Botanically, these plants
belong to 18 plant families (Table 1).

Table 1. Numerical and relative abundance of honey
species in the 4 apiaries surveyed in Sibiel village in
2022

Nr. | Plant family Numerical | Relative
crt size size (%)
1. | Leguminosae 12 25.59
2 Rosaceae 12 25.59
3 Lamiaceae 7 14.89
4, Brassicaceae 2 4.25
5. | Cucurbitaceae 1 2.12
6 Fagaceae 1 2.12
7 Papaveraceae 1 2.12
8. | Convolvulaceae 1 2.12
9. Betulaceae 1 2.12
10. | Rubiaceae 1 2.12
11. | Juglandaceae 1 2.12
12. | Apiaceae 1 2.12
13. | Malvaceae 1 2.12
14. | Boraginaceae 1 2.12
15. | Oleaceae 1 2.12
16. | Asteraceae 1 2.12
17. | Violaceae 1 2.12
18. | Vitaceae 1 2.12
Total 47 100

Source: Own calculation.

Based on the information in Table 1, the
families Leguminosae and Rosaceae have the
largest number of honey species, 12 each,
representing 51.18% of the total honey
species in the area surveyed. The second place
is occupied by the family Lamiaceae, with 7
species (14.89%). The third place belongs to
the family Brassicaceae, with 2 species

(4.25%). The rest of the families
Cucurbitaceae, Fagaceae, Papaveraceae,
Convolvulaceae, Betulaceae, Rubiaceae,
Juglandaceae, Apiaceae, Malvaceae,
Boraginaceae, Oleaceae, Asteraceae,

Violaceae, Vitaceae are represented by 1
species each (2.12%).

2. According to the nature of the food they
provide to bees, several beekeeping groups
have been identified:

- nectar-pollinating plants that provide bees
with both nectar and pollen. The products are
offered to bees from March to the end of
October, ensuring the maintenance and
development of bee families. Of the 47 honey
species identified, the majority, 45 species,
fall into this group. The flowers of this
category are intensively explored by bees at
different hours: Pyrus communis L., Mellissa
officinalis L. are visited at midday, Taraxacum
officinale Weber s.I. is visited in the hours
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before midday, and Trifolium repens L.
provides collections throughout the day.
Trifolium pratense L., on the other hand,
provides abundant secretion to bees only after
the second brood, when the flowers are less
developed and the bee's proboscis is at that
time about the same length as the corolla tube.
- Less common nectar plants provide bees
exclusively with nectar. Our research has
identified only one taxon in the surveyed area:
Salvia glutinosa L. Local children are
accustomed to plucking the flowers and
sucking nectar from the base of the corolla.

- Pollen plants only provide bees with pollen.
From this category we cite the representative
of the Betulaceae family: Corylus avellana Al.
The abundance of pollen in spring is an
important food resource for bees in the area.

3. In terms of biological and economic
classification, the Sibiel honey base comprises
the following groups:

Trees and shrubs, also known as forest
species, constitute an essential and diversified
source of honey resources. The species flower
gradually from the beginning of March, when
the snow melts, until late autumn. In this
category we find specie: Castanea sativa
Mill., Corylus avellana Al., Juglans regia L.,
Robinia pseudoacacia L., Rosa canina L.,
Rubus caesius L., R. idaeus L., Syringa
vulgaris L. In addition to their economic and
forestry relevance and their contribution to the
beekeeping industry (by providing nectar and
pollen to bees), deciduous species such as
Castanea sativa Mill., Corylus avellana Al.
and Robinia pseudoacacia L. serve as hosts

Table 2. Economic weight of honey plants in the Sibiel area

for some manna-producing insects of the
Aphydidae and Lecaniidae families. We note
that manna-producing insects on leafy tree
species are of limited honey production
importance [12], which is reflected in variable
manna honey production in the locality.

Wild herbaceous honey plants, including
woodland, meadow, roadside and garden
plants, which in turn provide significant
amounts of nectar and pollen. Of the 32
species identified, the most important are
listed below: Lamium album L., Lotus
corniculatus L., Salvia glutinosa L.,
Taraxacum officinale Weber s.I, Trifolium
repens L.

Mellissa officinalis L. has a dual role: it
provides nectar collection and is used by
beekeepers at the time of flowering to catch
the swarm of bees.

Cultivated plants, this category includes fruit
trees and shrubs. Tree species, due to their
biodiversity and gradual flowering, provide
important honey resources for bees in spring
when the honey base is poorly represented.
Maximum nectar secretion is reached between
7-11 am [12]. We list the fruit species of
interest for beekeeping in Sibiel: Cerasus
vulgaris Mill., Cydonia oblonga Mill., Malus
domestica Borkh., Prunus cerasifera Ehrh.,
P. domestica L., Pyrus communis L. They are
joined by the shrub Vitis vinifera L. whose
flowers are searched by bees during the
mornings.

According to the economic weight (EAP),
the Sibiel honey resources fall into 4 of the 5
categories identified for our country [9].

Crt. | EAP Species

No.

1 M4 | Robinia pseudoacacia L., Rubus idaeus L.

2 M3 | Brassica nigra (L.) Koch, Castanea sativa Mill., Trifolium repens L.

3 M2 | Barbarea vulgaris W.T.Aiton, Bryonia alba L., Clinopodium vulgare Bentham, Convolvulus
arvensis L., Corylus avellana Al., Cydonia oblonga Mill., Daucus carota L. ssp. sativum (Hoffm.)
Arc, Filipendula ulmaria (L.) Maxim., Fragaria viridis Duch., Glechoma hederacea L., Lamium
album L., L. maculatum L., Lotus corniculatus L., Malus domestica Borkh., Medicago lupulina L.,
M. sativa L., Melissa officinalis L., Myosotis scorpioides L., Prunus cerasifera Ehrh., Cerasus
vulgaris Mill., Prunus domestica L., Pyrus communis L., Rosa canina L., Rubus caesius L.,
Salvia glutinosa L., Stachys sylvatica L., Taraxacum officinale Weber s.1, Trifolium pratense L., T.
rubens L., Vicia villosa Roth., V. vativa L., V. sepium L., Viola canina L., Vitis vinifera L.

4 M1 | Chelidonium majus L., Fragaria vesca L., Galium verum L., Juglans regia L., Lotus pedunculatus
Cav., Malva neglecta Wallr., Syringa vulgaris L., Vicia hirsute (L.) Gray,

Surce: [17].
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Analysis of the data in Table 2 shows that in
the ecosites surveyed, the honeybee species
fall into the following groups:

1. Species with a very high apiculture
weight (M4) represent 4.26% of the total
honey plants identified. They provide
important annual production crops.

2. Species with a high beekeeping weight
(M3) representing 6.38% of the honey
resource and providing regular or annual
production harvest.

3. Species with medium beekeeping weight
(M2) with the highest representation, 72.34%.
The species provide maintenance,
development and sometimes production crops.
4. The low beekeeping species (M1), at
17.02%, provide bees with nectar and pollen,
but no production crops.

Of economic importance for beekeepers in the
area are nectar-pollinated plants in the first
three categories, which account for 82.98%,
and support significant honey production.

The symbiotic relationship between bees and
the plant world is carried out through
entomophilous  flowers in  the hive
environment. The amount of honey obtained
from flower nectar is directly related to the
total amount of nectar produced and the
concentration of sugar in the nectar. These
complex interactions between bees and plants
are essential to obtain quality honey
production and underline, once again, the
close dependence between bees and the plant
world.

Objective 2. Qualitatively speaking, honey is
a complex mixture, the components of which
vary primarily according to floral origin,
weather conditions, storage and extraction
methods. Its composition includes sugars,
enzymes, organic acids, vitamins, minerals,
antioxidant compounds, antibacterial
substances, aromatic substances, water [12].
The following data on the quality of Sibiel
honey were obtained from analyses carried
out in the faculty laboratory:

a. Acidity index of honey. It is influenced by
the honey flora of the studied area and
provides information about the quality,
freshness and preservation of the honey.
Determining the honey acidity index involves
measuring the amount of 0.1 N sodium

hydroxide (NaOH) needed to neutralise the
acids present in a given quantity of honey.
This process was carried out by titration and
using the formula:

Acidity index = Vnaon * Cnaon * 10 .......(1)

where:

VnaoH — Volume of NaOH solution used for
titration

CnaoH — concentration of NaOH solution

Table 3. Acidity index values for acacia and polyfloral
honey from Sibiel

Apiary Honey type Acidity Maximum
Index value,
(mEq) Standard
SR  784:3/
2009
Al Acacia 2.78 4
Al Polyflora 2.82 4
A2 Polyflora 2.93 4
A2 Acacia 2.31 4
A3 Polyflora 241 4
A4 Polyflora 1.93 4

Source: Own calculation.

The results obtained are given in Table 3 and
show that in Sibiel area, acacia or polyfloral
honey has a low acidity index, below the
maximum permitted value of 4, which
indicates a fresh and good quality honey.b.
The electrical conductivity of honey refers
to its ability to allow electric current to pass
through it and is an indirect indicator of honey
quality. This is influenced by the content of
mineral salts, organic acids and other ionic
compounds dissolved in honey.

Table 4. Electrical conductivity values for Sibiel honey

Apiary Honey type Electrical
conductivity pS-
cm?

Al Acacia 1.430

Al Polyflora 1.150

A2 Polyflora 1.410

A2 Acacia 1.430

A3 Polyflora 1.160

A4 Polyflora 1.120

Source: Own calculation.

As a rule, honey with a higher content of
dissolved substances has a higher electrical
conductivity. In our research, a conductivity
sensor attached to the SPARK LXi2
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Datalogger with wireless sensor PS-3210A
was used to evaluate the electrical
conductivity of honey. The results obtained
are shown in Table 4.According to SR 784/3-
2009, the electrical conductivity of quality
honey ranges from 0.970- 1.430 pS- cm-1.
The values obtained from laboratory
determinations are within the values of the
standard. It results that Sibiel honey is
genuine and of high quality, influenced by the
type of flowers, the environment and other
factors.c.

c. Honey pH refers to the measure of the level
of acidity or alkalinity present in honey. pH
ranges from 0 to 14, where 7 is considered
neutral pH. Values below 7 indicate acidity,
while values above 7 indicate alkalinity.
Honey pH can fluctuate depending on the type
of flowers from which the honey was
collected and other variables such as
processing and storage.

Honey is slightly acidic, with a pH around 3.9
to 4.5 according to PSR 784-3:2009. Acidity
plays an important role in preserving honey
and preventing the growth of micro-organisms
that could deteriorate its qualities.

In general, honey with a lower pH has better
stability over time and attests to its
authenticity.

For pH determination in the laboratory, a 5:1
dilution (50 ml distilled water with 10 g
honey) was prepared and the pH sensor
attached to the SPARK LXi2 Datalogger with
wireless sensor PS-3204 was inserted. The
values are given in Table 5.

Table 5. pH values of Sibiel honey

considered of good quality and to keep for a
long time without problems.

The Abbe-Zeiss refractometer was used to
determine the water content of honey. It
measures the refractive index which is
influenced by the concentration of sugars in
honey (Table 6).

Table 6. Water content values of Sibiel honey

Apiary | Honey Refractive | Water | Dry Density
type Index (%) substance | (g/cm?)
(°Brix) (%)
Al Acacia 1.4896 19.1 80.9 1.4885
Al Polyflora 1.4910 17.6 82.4 1.4296
A2 Polyflora 1.4785 20.4 76.6 1.3946
A2 Acacia 1.4873 20.1 74.6 1.4580
A3 Polyflora 1.4915 16.8 83.2 1.4310
A4 Polyflora 1.4920 18.9 81.1 1.4930

Apiary Honey type The pH level
Al Acacia 4,8
Al Polyflora 4,7
A2 Polyflora 4,8
A2 Acacia 4,7
A3 Polyflora 4.8
A4 Polyflora 4,8

Source: Own calculation

It is found that the pH values of the honey
samples from Sibiel are between 4.7- 4.8,
which indicates that the honey from the
analysed hives is natural.

d. Determination of water content. Honey
must have a low water content in order to be
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Source: Own calculation.

According to the standard (STAS SR 784-3:
2009 in Romania and 1151/2012 in Europe),
the maximum water content of a quality
honey is 20%.

According to Table 6, all honey varieties
tested fall within this limit, but honey from
hive 2 has a slight risk of fermentation and the
taste may be slightly attenuated.

CONCLUSIONS

In the four stationary apiaries in the area of
Sibiel, 47 honey species belonging to 18 plant
families, both herbaceous and woody, have
been identified, constituting an important
reservoir of nectar and pollen for bee families,
providing important production crops.

The Leguminosae and Rosaceae plant families
are the richest in the number of taxa, each
with 12, representing half of the identified
honeybee base (51.18%).

Of the 47 honeybee species, 45 of them
(95.74%) are classified in the nectar-
pollinating plant group, which provides the
necessary food for the development of bees at
different stages, increasing the number of bee
families, thus contributing to the expansion of
beekeeping activities in the region.

The floristic potential of the area is 82.98% in
the first three economically important
categories: species with a very high
beekeeping weight (4.26%), species with a
high beekeeping weight (6.38%) and species
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with a medium beekeeping weight (72.34%).
Following qualitative laboratory analyses, all
the honey varieties taken from the hives of
Sibiel are natural.

None of the varieties are interfered with by
additives or other stimulants, their value being
determined by the nectar collected by the bees
from the honey plants in the hives.

The results of the analyses carried out
compared with the standard quality norms for
honey in Romania and Europe confirm that
Sibiel honey is a superior quality product.

The preliminary analyses conducted are
intended to pave the way for the future
certification of Sibiel honey.

In pursuit of this objective, we suggest
conducting more comprehensive examinations
encompassing pollen, micro and macro
elements, heavy metals, as well as pesticides.
Understanding the honey potential of Sibiel
beekeepers results in  protecting the
biodiversity of honey species, encouraging the
development of bee farms and producing
more varieties of honey.
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Abstract

This article uncovers relationships between the wine export and production in Armenia. Wine industry is a
strategically important economic sector in Armenian. The importance of its development is strongly supported by
the fact that alcoholic beverages from grape processing are products with high customs value exported from
Armenia (in 2020 the share of alcoholic beverages in the entire export structure was about 8.4%). Within the
framework of this study, a detailed analysis of the wine production was performed. By applying econometric
analysis, we assessed the impact that the increase of wine export has on wine production. Also, the empirical
analysis of the impact of USD and RUB exchange rates on wine industry was performed. Overall, the econometric
analysis indicated that export volumes and USD exchange rate significantly affect Armenian wine industry. This
study provides enough evidence for us to conclude that the export of Armenian wine must be heavily promoted by
Government policies and the same time the export directions must be diversified. The results of this study can be
basis for scientific substantiation of sectorial strategies developed by the Government of Armenia.

Key words: winemaking, viticulture, commodity exports, quantitative analysis, statistics

INTRODUCTION

Scannell [28] observed that, in Armenia, the
winemaking is one of the iconic economic
sectors. Wine is one of the most popular
alcoholic drinks in Armenia. Besides large-
scale, traditional wineries there are many
small wine producers, which produce wine
not only from grapes but also from various
fruits. Also, it is emphasized the fact that
winemaking is a closed related with the
history of Armenia, where struggle for
survival was a constant.

It can be stated that winemaking in Armenia
has a very long history. It was practiced there
more than 6,000 years ago. According to
National Geographic [23], the oldest winery
in the world dates back to 6100 years ago and

is located in the village of Areni, Republic of
Armenia (RA). Viticulture and winemaking
gained industrial importance in RA starting
from the 20th century. Around 1920, the
private farms of the Soviet Republic of
Armenia were dissolved and integrated into
the wine trust called “Ararat wine trust”. Then
in the scope of this trust a net of wine
processing farms was created within Russia
and Ukraine [17]. The further development of
viticulture and connected economic branches
was damaged due to the anti-hard-drinks
“Prohibition Laws” introduced in 1985. The
fight against hard drinking caused a
destruction of a large area of vineyards
including old and young vineyards. During
the final decade of the Soviet period,
viticulture development and the planning of
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winemaking regulation were carried out by
the Ministry of Agriculture and the Ministry
of Food Industry [28]. According to experts’
estimations, due to the anti-hard-drinks
policy, the wine and vodka production
volumes were reduced 12-13 times, the
champagne wines production  volumes
decreased 3-5 times, while the brandy
production suffered a 4-5 times reduction in
volume [16].

According to Hanf [17], the winemaking
sector registered a moderate expansion at the
beginning of the new millennium However,
brandy manufacturing was primarily the
sector's main driver. The majority of the
grapes grown in Armenia are converted into
brandy. According to USAID [16], Armenian
brandy accounts for a significant portion of
the country's exports, which account for 80%
of its "processed exports".

During early 2000-s the sector started to grow
slowly. However the main driver of the sector
was mainly brandy production. Around 90%
of the grapes produced in Armenia are
processed to brandy. The Armenian brandy is
of worldwide high reputation and has great
shares of the exports that make 80% of the
‘processed exports’ [35].

On the same trend as brandy and wine sectors’
development, grape producing too recorded
some growth in gross grape output, which is
due to higher yield per hectare [6]. The higher
yields were mainly provided thanks to
improvement of cultivation processes, usage
of new agriculture machinery, the increased
use of technology, but not only. It is
noteworthy, though, that grape production in
Armenia cannot be definitely described as
steadily developing. The dynamics of the
indicator of vineyard areas has an oscillating
nature over past 30 years. This means that
grape growers stop producing grape, demolish
their vineyards, and then start to producing
wine again. So, there is a gap between the
development of grape production and wine
production [5]. As the head of the Union of
Winemakers of the RA Avag Harutyunyan
awareness, in the country is to be expected a
shortage of grapes due the fact that the
development of the winemaking sector is
faster that the development of viticulture [19].
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Marquardt and Hanf [18] studied the
development of the Armenian wine and
brandy business and the influence that foreign
investors have taken in this development
concluding that wine production and
consumption have increased since the start of
the economic and financial crisis. Also, they
affirm that the level of industry
competitiveness has increased, which has
improved product quality, but, in the same
time, as the rivalry increased, so did
innovation and the use of new technology in
the industry. They estimate that the wine and
brandy industry receive a higher amount of
foreign direct investment (FDI) than other
agricultural and agro-processing industries,
and Armenian diaspora investors account for
the majority of these investments. Finally,
they observed that wine producers employ
both trust-based contracts and contracts that
are revised annually for the purchase of
grapes.

So basically, several researchers agree in that
record that the grape sales to the wineries are
regulated either by oral agreements or
contracts based on trust [17, 10].

The main finding from studies [10] on the
Armenian wine market is that there are some
peculiarities, including low levels of
competition on the domestic market, the
absence of substitute products as a threat to
the domestic wine industry, and low
bargaining power of grape growers relative to
other suppliers (technology, machinery, etc.)
and high bargaining power of other suppliers
relative to wine producers.

Despite the steady growth of the wine making
in Armenia there are also some obstacles that
hinder the capacity of wine producers in
achieving higher sales volumes and quality
excellence. According to surveys carried out
among Armenian wine producers [36] such
obstacles are: need for financial means, lack
of technical solutions availability,
unpredictability of legislative and tax on field,
lack of skilled labor, and, finally, barriers to
entry into the market.

There are problems in macro level too. For
example, the lack of appropriate branding of
Armenian wines is major issue that must be
addressed. Armenia has a large potential of
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having its own unique wine brand, with its
long and rich history. That is why state
regulation and marketing strategy in wine
industry must have crucial role in coming
years [3].

Literature review

The increase of export volumes of Armenian
wine provides favorable environment for
further development and expansion of wine
industry. The relationships between export
and GDP growth, productivity, efficiency is
constant topic for studies. Many scholars have
addressed the impact that export can have on
production development of any kind of
product. In economic literature this is
described as export-led growth hypothesis.
Many studies support the relevance of this
hypothesis for different countries. For
example, the trajectories of economic growth
of Bangladesh, Jordan, Chilly, Brazil, India,
Republic of South Africa, sub-Saharan Africa
countries are examples of export-led growth
[14, 4, 1, 29, 26].

It was revealed that both outward-oriented and
inward-oriented economies benefit from
export-led growth [38]. The economies of
East Asian countries are well known examples
that represent the economic miracles that
export-oriented economy can achieve [20].

It is important to note that export-led growth
hypothesis has its limits, because some studies
show that developed countries are less
impacted from export-led growth, and this
hypothesis is more descriptive for fast
developing countries [39]. The researches of
Thangavelu and Rajaguru [32] further solidify
the notion that export has bigger impact on
productivity growth in developing countries
that in developed ones. For example, among
the East Asian countries, only Singapore has
experienced export-led productivity growth
over the long-run. The rest of studied
countries (Hong Kong, Indonesia, Japan,
Thailand and Taiwan) shifted to import-led
productivity growth over long-run.

Exporting and productivity levels have
positive correlation in US manufacturing
sector. But in this case, it is export that is
conditioned by productivity and only then the
other way around. So basically, high
productive companies are more likely to enter

foreign markets and export, and then
exporting level increase will result the growth
of productivity [8]. Studies show that
companies which are export-oriented display
a higher level of productivity that those which
are domestic-market oriented. Both Pack [24]
and Aw [7] support the idea that between the
companies that sell similar products the ones
that are exporters have higher level of
productivity than those sell primarily in
domestic markets. Similar patterns are found
in sub-Saharan Africa [37]. Exporters of sub-
Saharan Africa show higher productivity
levels than domestically oriented firms.
African exporters improve their economics
performance after entering foreign markets.
Export plays as a driving force for adopting
innovations and further insertion of newest
technologies. In France particularly, the
studies show that export has a more positive
effect on innovation in high productivity
firms, whereas it may negatively affect
innovation in low productivity firms [2].
Bustos [12] states the research’ results
suggests that increased export opportunities
may enhance company performance.

So, in one hand export-conditioned revenue
growth provides ground for investing in new
technologies and in the other hand expanding
of export leads to an increase of farms
economics performance. This situation can
play in other way round as in case of
Germany manufacturing firms. Firms with
good economic performance in Germany most
certainly become exporters [9]. German
exporters are larger, more capital-intensive,
and more productive than non-exporters.
Studies carried out amongst Romanian wine
firms revealed that profitability of wine
makers is positively impacted by exports and
a high level of exports is associated with
better financial performance [21]. Similarly in
Chinese firms the growth of export brings the
increase of productivity, sales and return on
assets [25].

So, the situation with exports and economic
performance can be described as double-aged
sword, where better performance is a major
precondition for export and export leads
further enhancing of economic performance.
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These two economic phenomena are
interconnected and condition each other.

Thus, literature findings provide evidence that
export is one of the main economic conditions
that can positively affect on further
development of Armenian wine industry.
Armenia is a developing country with lots of
potential in wine industry that can be
translated into steady growth and expansion in
foreign markets. So, we state the importance
of increase of exporting of Armenian wines.
Studies carried out by native researchers also
justify this approach. According to the
product mapping method, alcoholic beverages
(wine, brandy etc.) are classified in group A,
which  means these products have a
competitive advantage in international trade
and provide a flow of foreign currency to the
Republic of Armenia [22].

In this context, the purpose of the paper to
assess the impact of the increase in wine
export on wine production wusing an
econometric analysis and also to evaluate the
impact of USD and RUB exchange rates on
wine industry.

MATERIALS AND METHODS

Data collection

Data for our study is provided by Statistical
committee of the RA, from the publications
“Main Indicators of Industrial Organizations
by Economic Activities (five-digit code), for
January-December (Armenian)” (2001-2021)
[30]. These publications provide data about
wine production volumes, number of
employees in winemaking companies.
Monthly values of exports of wine and
countries of exports were retrieved from the
UN Comrade Database [34].

The data of monthly average exchange rates
were retrieved from Exchange rates archive of
Central Bank of Armenia [13].
Methodological aspects

The impact of changes in real exports (net
weight) and foreign exchange rates (USD,
EUR, RUB) on the wine production was
estimated using monthly data spanning from
June 2016 to December 2021 and by utilizing
the ordinary least squares (OLS) estimation
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method. The original dataset included 67
observations.

The data seasonality was adjusted using the
Moving average method, and then took the
natural log of all variables of interest.

The Augmented Dickey-Fuller test was
performed on the variables and the evidence
on non-stationarity was found. So, to solve the
problem we took the first difference.

After testing the existence of multicollinearity
and it was found that there is multicollinearity
problem between USD and EUR.

The correlation among USD and EUR was
rather high; therefore, EUR was excluded as a
variable and left only USD.

Then, it was estimated the following equation
(1) by incorporating lagged variables using
the OLS method.

DLPORDWSAt = a0 + al*DLEXPWSAt +
a2* DLEXRDt-3 + o3* DLEXRRt et

where:

DLPORDWSAL is the value of the wine
production in period t (first difference of
logged value).

DLEXPWSAL is the value of the wine exports
(first difference of logged value).

DLEXRDt-3 is the value of the USD
exchange rate in period t-3 (first difference of
logged value).

DLEXRRLt is the value of the RUB exchange
rate in period t (first difference of logged

value).

00, al, o2, a3 are model unknown
parameters.

et 1s the error term in period t.

The test to check the evidence of

autocorrelation was performed, and included
respective orders (AR - that involves
regressing the variable on its own lagged and
MA — that involves modeling the error term as
a linear combination of error terms occurring
contemporaneously and at various times in the
pas) processes to deal with the problem.

It was not found the evidence of
heteroscedasticity.

The residuals are distributed normally, and no
specification error was identified.
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RESULTS AND DISCUSSIONS

Current State of Armenian Wine Industry
The development of winemaking in the
Republic of Armenia is supported by such
strategic documents as “Republic of Armenia
2014-2025 Strategic Program of Prospective
Development” [27] and “The Strategy of
Export-Led Industrial Policy of Republic of
Armenia” [33].

Winemaking in the Republic of Armenia is a
type of activity subject to notification; that
notification procedure is regulated by relevant
legislative documents. No license is required
to produce wine, just state registration is done
and state annual fee of 25,000 AMD is paid,
which is equivalent of 60.15 USD.

The wine in Armenia is mainly produced by

large companies, which do the grape
processing and  further  manufacturing
processes. Of course, there are many

households that produce wine at home, but
they do not play a significant role in the
market, as they have very small production
volumes and are on an amateur level. But at a
same time, especially in Tavush and Vayoc
Dzor regions, small households produce more
wine than in the rest of regions, and this
strongly decreases the commodity levels of
wine grape [31].

Armenian wine industry is described as
oligopolistic, as only a few wine producers
dominate the market and industry rivalry is
low due to expanding market capacity. At the
same time the entry barriers for new
competitors are low. The Armenian wine
market is increasing in size; this leads to an
increase in attractiveness of market and
creates a high threat of new entrants [11].
There is no common, unified approach to the
purchase of raw materials in the field of
winemaking. Some manufacturers carry out
the process on the basis of pre-signed
contracts. Many people have a verbal
agreement when the grape growers just know
that they will sell the grapes in a specific
factory after the harvest. There is also no
common approach to pricing raw materials.
Payments are usually made within three
business days of purchase, usually non-cash.
Contracts often do not have a purchase price,

sometimes just a minimum price. There are
many cases when the prices are reduced by
the wine producers during the actual
procurement, even below the minimum price
specified in the contract. Grape growers have
no choice but to agree to such procurement
conditions. In some years, when an
unprecedented grape harvest was registered,
the purchasers took advantage of the situation
and drastically worsened the procurement
conditions: price reduction, quality deductions
from the payment amount, concessions in the
weight of purchased grapes to the detriment of
grape growers, delays in payments for
purchased grapes, unreasonable delays, etc.
All the listed activities have a very negative
impact on the development of viticulture.
Such actions by procurement companies
create a state of uncertainty, in which case
farmers interested in viticulture do not decide
whether to engage in such activities or not. So
basically, the bargaining power of grape
suppliers is low and as wine producers
purchase grapes from many suppliers, they are
not dependent on a specific farmer and it
makes bargaining power of wine producers
greater [11].

Despite the similar problems, it should be
noted that the practice of concluding contracts
is developing year by year. This is mutually
beneficial for both suppliers and growers.
Over the past decade, the number of wine
companies has increased significantly from 21
to 31 (Table 1).

Table 1. The number of winemaking organizations and
its employees in 2010-2021

ndicator Number of Number of
Year organizations employees
2010 21 453
2011 22 549
2012 21 956
2013 21 824
2014 24 888
2015 25 706
2016 25 713
2017 29 847
2018 36 1,029
2019 40 1,090
2020 40 1,002
2021 31 1,023

Source: Statistical committee of the RA, from the
publications  “Main  Indicators of  Industrial
Organizations by Economic Activities (five-digit code),
for January-December (Armenian)” (2001-2021) [30].
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As shown in Table 1, the average list of
industrial staff has become more than doubled
(if in 2010 this figure was only 453 people, in
2020 it reached 1,002). Such a situation
reflects an increase in the level of economic
activity in the wine industry

The development trend of the wine industry is
positive. Wine production volumes increased
by 87.6% in 2021 compared to 2001. The
same picture was observed in terms of
exports. The growth of exports has higher
temps: compared to 2001, wine exports in
2021 increased by 95.4%. It should be noted
that until 2015, including the volume of wine
production, exports also had a downward

Table 2. The structure of wine exports from Armenia

trend, and in some years recorded a negative
growth.

However, since 2016, wine production and
exports have grown steadily. At the same
time, it should be noted that even in 2020, in
the conditions of the coronavirus pandemic
the development of the industry was not
disrupted. The current situation is logically
supplemented by the increase in the number
of wineries and the number of employees.
Armenian wines are sold both in domestic and
in foreign markets. More than 50% of
produced wines are purchased in domestic
market and the export volumes are still behind
domestic sales (Table 2).

Rank 2017 2018 2019 2020 2021
1 Russia Russia Russia Russia Russia
79.7 % 69.9 % 68.3 % 54.6 % 46.0 %
2nd us, us, us, us, us,
5.1 % 8.9 % 8.9 % 13.3 % 17.2 %
3rd China Switzerland China Ukraine Ukraine
1.1% 2.3% 2.1 % 4.4 % 6.0 %
4th Lithuania France, France, Belgium Switzerland
1.0% 2.0 % 2.0 % 3.7% 4.6 %
Sth Switzerland Italy Switzerland Switzerland, France
1.0% 1.6 % 1.6 % 2.8 % 3.2%

Note: this table does not include the share of exports of countries identified as non-recognized territories.
Source: Author’s own calculations based on the data from [34].

Russia has the largest share in the structure of
wine exports. In other words, Armenian wines
are mainly sold in Russia. However,
compared to 2017, the share of Russia in the
structure of exports in 2021 has significantly
decreased from 79.9% to 46%. This situation
is not due to the reduction of total wine
exports, but to the increase of specific weights
in the structure of exports. Anyway, such
changes in export structure indicate the
intensification of export diversification. Such
dependence from exports to Russia bears very
dangerous economic consequences. Because
of such undiversified wine export approach,
economic shocks happening in the Russia can
directly affect Armenian wine exports. For
example, the devaluation of the RUB back in
2014 resulted in a large decrease of Armenian
wine exports (up to — 40% in one year) [15].
The United States is the second largest
exporter in terms of exports, with the share of
exports in this area increased from 5.1% to
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17.2%. Other countries that have a significant
share in the structure of exports are China,
Switzerland, France, Ukraine and Belgium. It
is very likely that the diversification of export
directions will deepen along with the increase
of export volumes.

Increasing exports to different countries
diversifies potential risks, reduces the
dependence of wine exports on the economic
situation of different countries, fluctuations in
exchange rates. The latter has a positive effect
on the sustainable development of wine
industry.

Thus, summarizing the dynamics of the
indicators characterizing the RA wine
industry, we prove that the industry has a
tendency of sustainable development.
Production volumes and export volumes have
increased. The structure of exports has
improved and the number of companies
involved in the industry has increased. In
other words, the branch contributes to the
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increase of the general economic activity of
the Republic of Armenia, as it will also have a
positive impact on the development of
viticulture.

Taking into account the fact that the increase
of export volumes can have a significant
impact on the further development of
winemaking in Armenia and the domestic
market of the Republic of Armenia is limited;
the increase of the production volumes of the
sphere can be imagined only in the context of
the continuous increase of the export. Also, it
is very important to take into account the
impact that exchange rates of USD, EUR and
RUB can have on Armenian wine industry.
That is why we consider it relevant to develop
an econometric assessment of the situation.
The impact of exports on wine production
based on the econometric analysis
Regarding the wine exports it is observed that
an increase in the exports of wine by 10%
could cause a 2% statistically significant
increase in the wine production. This further
solidifies the notion that exports have positive
impact on production growth (Table 3).

Table 3. Estimated Model

Dependent variable: Estimation I:
) Sample: 2016M06
DLPORDWSALt 2021M12
DLEXPWSA: 0.205124
(2.367980)**
4.239482
DLEXRDt-3 (2.649571)**
0.381426
DLEXRRt (0.639690)
0.005986
Constant (0.954094)
-0.805680
AR() (-8.210657)***
-0.581020
MA(2) (-4.026717)***
R-squared 0.399162
Adjusted R-squared 0.349913
Included Observations 67

Note: value of t statistics in parentheses. ** significant
at 5%; *** significant at 1%.
Source: Authors’ own calculations.

Impact of USD and RUB exchange rates on
wine industry

On the exchange rate of USD, it is shown that
depreciation of the AMD against the USD
lagged 3 periods by 1% could cause a 4.2%

statistically significant increase in wine
production. This situation is not only
conditioned by the fact that second largest
share in wine exports is the US market, but
also by the fact that large sum of foreign
monetary transactions of Armenian wine
producers are performed by USD. During last
couple of months USD depreciated against
AMD created difficulties for Armenian
exporters. The dram appreciation and the
dollar depreciation in Armenia are affecting
exporters as the contracts for export are
mostly signed in USD.

The incomes of Armenian exporters,
including winemakers that export, suffer from
the drop of USD’s exchange rate. Armenian
experts insist that Central bank of Armenia
must pay special attention to USD
depreciation and adjust its monetary policy in
a way that will lower the negative effects of
AMD appreciation on exporters. This
situation not only includes wine industry but
Armenian economy as a whole.

Analyzing of the exchange rate of RUB, we
found that the changes in RUB exchange rate
do not have statistically significant impact on
Armenian wine production. The value of t-
Statistics indicates that the impact of
DLEXRRt on dependent variable is not
statistically ~ significant.  These  results
contradict the situation of the 2014, when the
devaluation of the RUB resulted in a large
decrease of Armenian wine exports. This is
partially due the fact that in comparison to
2014 when Russia had lion’s share in export
structure RUB devaluation had a very strong
negative impact on Armenian wine industry.
Adjusted R-squared has a value of 0.349913,
which means that independent variables
included in our model describe the variation
of dependent variable by nearly 35%.

The change of wine production volumes in
Armenia are conditioned by export volumes,
USD and RUB rate fluctuations by nearly
35%, the other 65% is described by other
variables which are not included in our study,
namely the domestic demand (as the major
market). One of those main variables is
domestic consumption volumes, because as
we mentioned above, more than half of
Armenian wines is purchased within domestic
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market, hence the export volumes have
relatively little impact in overall performance.
As a result of the studies carried out within
the framework of the research, it became clear
that winemaking is one of the most important
and rapidly developing branches of the RA
economy. Over the past ten years, the volume
of wine production in RA has registered an
increasing trend, the number of winemaking
organizations and the annual average number
of employees in them has increased.

In addition, the work productivity of
winemaking organizations has also increased,
that is wine producing companies’ economic
performance has been improved. The lion’s
share of the produced wine is sold in the
domestic markets. However, over the past ten
years, a significant increase in the volume of
wine exports has been recorded. The main
export destinations of wine from Armenia are
Russia, USA, China etc.

As mentioned before, researchers who studied
Armenian wine industry, conclude that wine
industry is rapidly and steadily developing,
while the Armenian wine has a potential of
expansion in foreign markets.

At a same time, wine industry has some
obstacles on its path of development that must
be addressed. The lack of wine grape
varieties, weak legal regulation, and scarcity
of financial means for producers are crucial
points that must be studied and solved. In our
estimation the further development of wine
industry must be ensured by increasing
exports.

Many foreign researchers support the export-
led growth hypothesis, which ensures the
economic growth by the further increase of
exports and expansions in foreign markets.
Armenian wines are the kind of domestic
products that have competitive advantage in
international markets and provide a flow of
foreign currency to the RA.

So, all these findings provide enough ground
for us to conclude that the main driving force
behind wine industry development must be
the export growth. Taking into account the
importance of the effect of export on the
volume of wine production, an econometric
analysis was carried out, as a result of which it
became clear that an increase in the volume of
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wine export by 10 % leads to an increase in
the volume of production by 2 %. But the
highlight of the research was the fact that
USD rate changes have greater impact on
wine production. 1% appreciation of USD
leads to an increase in wine production with
4.2% after three months.

This is very important conjuncture that
Armenian ~ Government and  industry
representatives must take into account. We
suggest that  wine industry  further
development must not only be ensured by
export promoting policies but also special
attention must be paid to the monetary policy
regarding USD exchange rate. Specifically,
the Central Bank of Armenia must lead the
kind of monetary policy that will soften
possible negative effects of USD depreciation,
because export promotion is pointless if the
exchange rates fluctuations jeopardize
exporters' incomes.

CONCLUSIONS

In general, it can be stated that winemaking in
RA has a great potential for further
development. The increase of the production
volumes is already an objective reality, but the
further growth must be provided by increasing
export.

So, we recommend the state regulation
policies that are export-oriented and the
introduction of foreign wine production
experiences in terms of solving marketing and
sales issues in RA wine industry. The
countries neighboring Georgia, France, USA
and many other countries have their own
approaches to winemaking. Therefore, we
suggest that as a result of combining these
different approaches and experiences in RA, a
single Armenian wine-making culture must be
formed, which will become the business card
of Armenian wines in international markets.
Wine tourism is another topic of discussion in
the context of wine industry development. In
par with winemaking sector development
wine tourism also has developed quite a bit in
RA, but official statistics are still missing in
this regard, so we could not give precise
assessment in that regard. Therefore, we
cannot make any concrete analyses.
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Various wine festivals and similar events are
held in RA, but it is desirable that they be
supported at the governmental level and an
attempt is made to ensure the participation of
well-known foreign winemaking brands. This
is very important for increasing the visibility
of Armenian wine in foreign markets and
further enhancing exports.

REFERENCES

[1] Abual-Foul, B., 2004, Testing the export-led growth
hypothesis: evidence from Jordan. Applied Economics
Letters, 11(6), 393-396. Doi:
10.1080/1350485042000228268.

[2]Aghion, Ph., Bergeaud, A., Lequien, M., Melitz, M.
J., 2018, The Impact of Exports on Innovation: Theory
and Evidence. Banque de France Working Paper No.
678, http://dx.doi.org/10.2139/ssrn.3171084.
[3]Aleksanyan, V., Aleksanyan, I., 2019, The analysis
of alcoholic beverages exporting mechanisms in the
republic of Armenia, The Bulletin of Eurasia
international university, (1), 93-102. (In Armenian).
[4]JAl Mamun, K. A., Nath, H. K., 2005, Export-led
growth in Bangladesh: a time series analysis. Applied
Economics Letters, 12(6), 361-364. Doi:
10.1080/13504850500068194.

[5]Asatryan, H. S., 2022, The nature of correlation
between production factors and viticulture development
of Armenia, Journal of The contemporary issues of
socioeconomic development in the Republic of
Armenia, (1), 235-251.

[6]Avetisyan, S., 2010, Agriculture and food
processing in Armenia, Yerevan, Armenia, Limush
Publishing House. (In Armenian).

[7]JAw, B.-Y., Hwang, A. R., 1995, Productivity and
the export market: A firm-level analysis. Journal of
Development Economics, 47(2), 313-332. Doi:
10.1016/0304-3878(94)00062-h

[8]Bernard, A. B., Jensen, J. B., 1999, Exporting and
Productivity, NBER Working Paper No: 7135,
Cambridge, MA. http://dx.doi.org/10.2139/ssrn.167569
[9]1Bernard, A. B., Wagner, J., 1997, Exports and
success in German manufacturing. Weltwirtschaftliches
Archiv, 133(1), 134-157. D0i:10.1007/bf02707680.
[10]Bitsch, L., 2017, A structural analysis of the
Armenian wine industry: elaboration of strategies for
the domestic market. Master Thesis, Justus-Liebig-
Universitdt/Hochschule Geisenheim University,
Giellen/ Geisenheim,
http://icare.am/Publications/Master-Thesis_Linda-
Bitsch_Publication-ICARE%20(1).pdf, Accessed on
25/07/2023.

[11]Bitsch, L., Richter, B. Hanf, J. H., 2022, The
competitive landscape in transitioning countries:; the
example of the Armenian wine industry. Wine
Economics and Policy, 11(2), 31-45.
https://doi.org/10.36253/wep-10657

[12]Bustos, P., 2011, Trade Liberalization, Exports,
and Technology Upgrading: Evidence on the Impact of

MERCOSUR on Argentinian Firms. American
Economic Review, 101(1), 304-340.
d0i:10.1257/aer.101.1.304.

[13]Central Bank of Armenia, 2023,

https://www.cba.am/en/sitepages/pmessagesannouncem
ents.aspx, Accessed on 25/06/2023.

[14]Ee, C.Y., 2016, Export-led Growth Hypothesis:
Empirical Evidence from Selected Sub-saharan African
Countries. Procedia Economics and Finance, (35), 232-
240, Doi: 10.1016/s2212-5671(16)00029-0
[15]Ghvanidze S., Bitsch L., Hanf J., Svanidze M.,
2020, The Cradle of Wine Civilization—Current
Developments in the Wine Industry of the Caucasus.
Caucasus Analytical Digest. (117). 9 - 15. DOI:
10.3929/ethz-b-000442947

[16]Grigoryan, K. A., 2000, Issues of grape production,
processing economics and marketing in the transitional
phase of reforms. Yerevan, Armenia. Sponsoring
body. (In Armenian).

[17]Hanf, J., Marquardt, V., Urutyan, V., Babayan, A.,
2016, The impact of foreign direct investment on the
agribusiness of transition countries: The example of the
Armenian wine business. International Journal of
Business and Globalization 16 (4), 423-447.
10.1504/1JBG.2016.076813.

[18]Hanf, J. H., Marquardt, V., 2012, Armenian wine
business and its interplay with foreign influence,
Journal of Applied Management and Investments, 1(4),
406-417.

[19]Hovhannisyan, A., 2019, Expert: Viticulture in
Armenia is inferior to winemaking in terms of
development. In Financial Portal, November 11 2019
21:23, available on line
https://finport.am/full_news.php?id=39993&lang=3,
Accessed on 26/07/2023.

[20] Krueger, A. O., 1997, Trade Policy and Economic
Development: How We Learn, American Economic
Review, 87(1), 1-22.
https://EconPapers.repec.org/RePEc:aea:aecrev:v:87:y:
1997:i:1:p:1-22, Accessed on 25/07/2023.

[21]Lessoua, A., Mutascu, M., Turcu, C., 2020, Firm
Performance and Exports: Evidence from the
Romanian Wine Industry. Journal of Wine Economics,
15(2), 207-228. https://doi.org/10.1017/jwe.2020.
[22]Makaryan, A.R., 2018, The choice of industries for
export promotion and priorities of the labor policy in
the republic of Armenia. Proceedings of the
conference. 66-79. (In Armenian)

[23]Owen, J., 2002, Earliest Known Winery Found in
Armenian Cave. In National Geographic News 2011,
1/12/2011.
https://www.nationalgeographic.com/culture/article/11
0111-oldest-wine-press-making-winery-armenia-
science-ucla, Accessed on 25/07/2023.

[24]Pack, H., 1988, Industrialization and trade, in: H.
Chenery, Srinivasan, T.N., eds., Handbook of
development economics, Vol. 1. Amsterdam, Elsevier
Science Publishers.

73


http://icare.am/Publications/Master-Thesis_Linda-Bitsch_Publication-ICARE%20(1).pdf
http://icare.am/Publications/Master-Thesis_Linda-Bitsch_Publication-ICARE%20(1).pdf
https://www.cba.am/en/sitepages/pmessagesannouncements.aspx
https://www.cba.am/en/sitepages/pmessagesannouncements.aspx
https://econpapers.repec.org/RePEc:aea:aecrev:v:87:y:1997:i:1:p:1-22
https://econpapers.repec.org/RePEc:aea:aecrev:v:87:y:1997:i:1:p:1-22

Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development
Vol. 23, Issue 4, 2023
PRINT ISSN 2284-7995, E-ISSN 2285-3952

[25] Park, A., Yang, D., Shi, X., Jiang, Y., 2010,
Exporting and firm performance: Chinese exporters and
the Asian financial crisis. Review of Economics and
Statistics, 92, 822-842. Doi: 10.2307/40985797
[26]Rani, R., Kumar, N., 2018, Is There an Export- or
Import-led Growth in BRICS Countries? An Empirical
Investigation. Jindal Journal of Business Research,
7(1), 13-23. Doi: 10.1177/2278682118761748.
[27]Republic of Armenia 2014-2025 Strategic Program
of  Prospective  Development.  Republic  of
Armenia Government, Thilisi, 2014.

[28]Scannell, N. J., Newton, J. G., Ohanian, R., 2002,
Viticulture, Wine Production, and Agriculture in
Armenia: Economic Sectors in Transition, Journal of
Applied Business Research (JABR), 18(4).

Doi: 10.19030/jabr.v18i4.2125.

[29]Siliverstoys, B., Herzer, D., 2006, Export-led
growth hypothesis: evidence for Chile. Applied
Economics Letters, 13(5), 319-324. Doi:
10.1080/13504850500407293.

[30]Statistical Committee of the Republic of Armenia,
2023, Main Indicators of Industrial Organizations by
Economic Activities (five-digit code), for January-
December (Armenian) (2001-2021).
https://www.armstat.am/en/?nid=81&id=2356,
Accessed on 20.07.2023.

[31]Tamoyan, H., 2019, Vayots Dzor marz natural-
economics state and convenience for viticulture
Development. Alternative Quarterly Journal. (2). 165-
173. (In Armenian).

[32]Thangavelu, S. M., Rajaguru, G., 2004, Is there an
export or import-led productivity growth in rapidly
developing Asian countries? a multivariate VAR
analysis. Applied Economics, 36(10), 1083-1093. Doi:
10.1080/0003684042000246795

[33]The Strategy of Export-Led Industrial Policy of
Republic of Armenia. Ministry of Economy. Republic
of Armenia Government, Thilisi, 2011.

[34]JUN Comtrade Database, 2023,
https://comtrade.un.org/data, Accessed on 25/06/2023.
[35]United  States  Agency for International
Development (USAID), 2010. Rapid Assessment of
Value Chain Opportunities in Armenia.

[36]Urutyan, V., Yeritsyan, A., 2015, Assessment of
training needs of winemakers and management systems
of the wineries in Armenia. BIO Web of Conferences.
5. 03005. 10.1051/bioconf/20150503005.

[37]van Biesebroeck, J., 2005, Exporting raises
productivity in sub-Saharan African manufacturing
firms. Journal of International Economics. 67(2), 373—
391. D0i:10.1016/j.jinteco.2004.12.002

[38]Xu, Z., 1996, On the Causality between Export
Growth and GDP  Growth: An  Empirical
Reinvestigation,” Review of International Economics,
Wiley Blackwell, VVol. 4(2), 172-184, June.
[39]Yamada, H., 1998, A note on the causality between
export and productivity. Economics Letters, 61(1),
111-114. Doi: 10.1016/s0165-1765(98)00154-2

74


https://comtrade.un.org/data

Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development
Vol. 23, Issue 4, 2023
PRINT ISSN 2284-7995, E-ISSN 2285-3952

IMPACT OF SURFACE IRRIGATION MANAGEMENT ON WHEAT
YIELD AND QUALITY PARAMETERS IN EGYPT

Tarek Mahmoud ATTAFY, Mohamed Sobhy KHATAB, Nermeen Mohammed TOLBA

Institute of Agricultural Engineering, Agricultural Research Center, Dokki District, Giza
Governorate, Egypt, Phones: 00201027367157, 00201063098195, 01015749022; E-mails:
tarek.attafy@yahoo.com, eng_khatab10@yahoo.com, nermenafk@gmail.com

Corresponding author: tarek.attafy@yahoo.com

Abstract

This research was conducted at EI-Gemmeiza Agricultural Research Station, Gharbia Governorate, middle of the
Nile Delta, Egypt, during the winter seasons of 2021/2022 and 2022/2023 to determine the effect of different bed-
furrow irrigation management strategies on irrigation efficiency, wheat grain yield and its components and quality
parameters. The field experiment was designed in RCBD and included: basin-flooding (control, Tf) and bed-furrow
with three irrigation times as a percentage of advance time (Ta); T1=Ta,T2=1.20Ta, and T3=1.30Ta. The results
revealed that; increasing irrigation time had a simple effect on the Ta while had an obvious effect on the depletion
and recession time. The T1 saved 23.3% of irrigation water compared to the Tf, increasing irrigation time increased
water applied. The soil moisture content in the Tf was higher than in the bed-furrow treatments. Increasing
irrigation time increased the moisture content in the furrows and within the beds. Bed-furrow enhanced irrigation
efficiency compared to Tf. The highest application efficiency and distribution uniformity values were 76.6, 74.7 and
80.7, 82.3%, which were achieved by T3 treatment. Bed-furrow increased wheat grain yield compared to Tf. The T3
treatment is superior in grain yield with values of 3107 and 3185 kg fed.Bed-furrow enhanced the 1000 grain
weight and spike length, while Tf surpassed in the number of spikes and straw yield. The highest water productivity
was 1.87 and 1.67 kg m achieved by T1. There is no significant difference in quality parameters except for dry

gluten, the highest values achieved by T2 treatment.

Key words: bed-furrow, storage phase, irrigation efficiency, wheat

INTRODUCTION

Choosing an appropriate irrigation method has
a vital role in crops production and the
sustainability of water resources. Since water
has become one of the most significant
elements in crop production, it should be
utilized efficiently to provide the
optimum yield [1]. Furrow irrigation is a
common method of irrigating crops in
developing countries; it is particularly
recommended for cultivating row crops in
soils of medium to heavy texture, and it is
favored over the flooding method because of
its ease of use and low capital cost [8]. In this
regard, the basin-flooding irrigation method
(F) for wheat in the Nile Delta in Egypt
causes excessive application losses and
encourages water logging, while the bed-
furrow irrigation method commonly defined
as raised beds (B) improves irrigation
efficiencies and wheat productivity [11, 20,

24]. Replacing the (F) method with the (B)
method is considered one of the innovative
solutions to address water scarcity in Egypt.
Furrow irrigation is recommended in clay soil
and is preferred over flooding irrigation
method because it saves irrigation water and
raises wheat grain yield [18] The optimum
management of the furrows under bed sowing
should ensure good lateral movement of the
irrigation water to the bed center for getting a
proper grain yield and water productivity, the
lateral movement of irrigation water to the
bed center is one of the main determinants of
bed width [4]. Suboptimal bed width causes
insufficient lateral movement of irrigation
water to its center, resulting in poor crop
germination and water productivity [3]. Wide
beds have advantages in that they reduce
drainage losses, crop productive area losses,
and irrigation water saving, however, the wide
beds are defective with poor lateral infiltration
and, thus, poor vyield for rows in the middle.
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Therefore, optimal irrigation practices such as
over irrigation of the beds in the initial
growing stages are essential to encourage
lateral infiltration. However, due to a lack of
knowledge and the absence of appropriate
guidelines, such management has been
uncommon in field conditions to date [2, 5]. A
comprehensive understanding of how wheat
responds to irrigation timing encourages
better management of the irrigation system,
enhancing positive effects and minimizing
unfavorable effects on grain yield and quality
[25]. As indicated by [6], many researchers
divided the surface irrigation process into four
phases: Tad, advance; Ts, storage or wetting;
Td, depletion; and Tr, recession. Advance
phase refers to the movement of the water
stream from the upstream end of the field
towards the downstream end; this phase is
complete once the water stream reaches the
field’s downstream end. The storage phase
begins after the water has reached the
downstream end, as the flow continues to
collect in the field. The storage phase ends
when the inflow is cut off, after which the
depletion phase occurs and remains until the
surface waters disappear at the upstream end.
The recession phase occurs when surface
water disappears from the upstream end and
finishes when no irrigation water remains on
the soil surface. The [10] referred to the
behavior of some quality traits under deficit
irrigation: gluten, kernel hardness, and falling
number decreased while protein content
increased. The proper combination of
irrigation practices and genotypes is necessary
to produce winter wheat with adequate grain
yield and quality indices. According to many
researchers, such as [13] increased protein and
wet gluten content are obtained under full
irrigation, while others, such as [21] found the
opposite. Irrigation water regime had a
significant effect on grain vyield, protein
content, and grain hardness, reducing the
irrigation regime from 100 to 30% of ETc
decreased grain yield and increased protein
content; the raise in protein content was most
likely a function of grain yield shortage
resulting from water stress [23]. The applied
irrigation strategy is a determinant factor in
identifying wheat grain quality [15]. The
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impact of four irrigation regimes (11=25%,
2= 50%, and 13= 75%) on the maximum
allowable depletion of available soil moisture
and 14 = 4 events in the four growth stages on
wheat grain quality was investigated in sandy
loam soil under semi-arid conditions. The
hectoliter weight, protein content, and wet and
dry gluten content were significantly affected
by irrigation regimes, while grain hardness
non significantly affected. The highest
hectoliter weight was 81.5 kg/hL for treatment
11, the highest protein and wet and dry gluten
content were 134 and 34.0, and 11.79
%,respectively, which were obtained by I3
treatment. The highest grain hardness was
83.26%, found by I3 treatment [19]. The
differences in grain quality among sixteen
wheat genotypes under stress and full
irrigation were evaluated. A significant
reduction in 1,000-grain weight (g) and
hectoliter (kg/hL) caused by water stress,
while protein and gluten contents (%)
increased at the same conditions [21].
Therefore, the purpose of this study was to
improve the irrigation performance, wheat
grain yield, and quality traits of the bed-
furrow irrigation method and to identify the
optimal strategies for this.

MATERIALS AND METHODS

Field description

A field experiment was carried out in EI-
Gemmeiza Agricultural Research Station,
Gharbia Governorate, middle of the Nile
Delta, Egypt, during the winter growing
seasons 2021/2022 and 2022/2023. The site
was located at 31° 07" longitude, 30° 43’
latitude, and 20 m mean altitude above sea
level. Some climatic data, such as maximum
and minimum air temperatures; T, wind
speed; WS, relative humidity; RH, and
monthly total rainfall, mm for growing
seasons recorded by the Central Laboratory
for Agricultural Climate (CLAC),
Agricultural Research center, Table 1.

Soil samples from three layers (0-20, 20-40
and 40-60 cm) were collected from three sites
of the experimental field. The soil was
characterized as clay, the mechanical analysis
and some physical properties were analyzed
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by the Soils, Water and Environmental
Research Institute Laboratory, EI-Gemmeiza
Agricultural Research Station, Table 2.

Table 1. Meteorological data for the experimental site
during the two growing seasons

Month | TmeioC | Toee °C | RH, % m\’/‘gc R?]iq”nff"
First season 2021/2022
Nov. 16.5 28.7 66.1 2.2 6.3
Dec. 10.9 20.3 71.6 26 12.0
Jan. 7.0 17.6 71.2 25 26.2
Feb. 8.0 19.9 70.1 2.3 20.8
Mar. 8.2 20.8 65.3 28 22.8
Apr. 13.2 30.8 56.2 2.9 0.7
Second season 2022/2023

Nov. 15.4 26.8 60.5 2.2 3.2
Dec. 131 24.2 67.2 2.1 235
Jan. 10.2 21.7 69.2 2.1 6.4
Feb. 8.8 20.7 61.5 25 7.2
Mar. 12.4 27.0 52.1 2.9 15.7
Apr. 13.9 30.1 50.0 2.9 2.3

Source: Central Laboratory for Agricultural Climate
(CLAC), Agricultural Research center, Egypt.

Table 2. Mechanical analysis of the experiment site

dSOtIIl1 Particle size dlstrlbutron Bd, FC, PWP,
e, | Clay, | sand, | Silt, | giem?® | % %
cm % % %

0-20 50.67 | 1452 | 34.81 | 110 | 45.60 | 24.30
20-40 | 53.09 | 11.00 | 359 1.15 | 40.90 | 21.55
40-60 | 52.76 | 10.63 | 36.61 | 1.34 | 38.20 | 19.80

Bd: Bulk density, FC: Field capacity, PWP: Permanent
wilting point
Source: Own calculation.

The field was prepared using the traditional
seed bed preparation method (Chiseling twice
+ traditional leveling). Wheat (variety Giza
171) was drilled at a distance of 15 cm
between rows in November and harvested in
May; the field length is 50 m without dikes
and with a closed end. For bed treatments; the
beds were raised at a distance of 130 cm
between beds with a 100 cm net bed width.
Furrow dimensions were top width 30 cm,
bottom width 10 cm and depth 15 cm. All
agricultural practices have been applied.
Wheat was irrigated 4 irrigations in the season
(planting + 3 irrigations; an event at every
growing stage) as recommended by [12].
Irrigation system

Perforated pipes network were used for
irrigation, it consists of aluminum pipes with
75 mm diameter and 6 m length joined
together by quick coupler. The orifices were
distributed at a distance equal to the distance
between furrows (130 cm).The discharge rate
was controlled by 32 mm valve and male
adaptor (32 X 3/4") installed at every orifice
by a saddle (75 X 32 mm). A centrifugal
pump with 3" inlet and outlet diameters was
used to transfer the water to the pipes. The
discharge rate was calibrated at 1.0 L s
Discharge rate was measured by the
volumetric method as explained by [17].
Experimental design

Four treatments with three replicates were
arranged in a randomized complete block
design in the two growing seasons: a control
treatment viz basin-flooding irrigation method
(Tf) and bed-furrow irrigation method with
three irrigation patterns: irrigation to the end
of the furrow (irrigation time = advance
phase; T1), irrigation to the end of the furrow
+ storage phase equal 20% of advance time
(irrigation time = 1.20 advance phase; T2) and
irrigation to the end of the furrow + storage
phase equal 30% of advance time (irrigation
time = 1.30 advance phase; T3). Each
replication included five furrows and four
beds. The Co-Stat program for windows was
utilized to analysis of variance (ANOVA), the
mean of results for different treatments were
compared at the 5% significance level.
Measurements

Inlet flow rate, irrigation phases and water
applied: The orifices flow rate was calibrated
at 1.0 L st per furrow for bed-furrow
treatments and per 1.3 m width in Tf
treatment (2.77 m? h'! discharge rate per unit
width). The advance time (Tad) along the
field was recorded at 10 stations (each 5 m).
The storage time (Ts) as a percentage of the
Tad according to every treatment was
recorded. After irrigation cut-off the depletion
time (Td) and the recession time (Tr) along
the field at the same 10 stations were
recorded. Applied irrigation water per event
was measured as well as the seasonal water
applied. The Tad and Tras the function of the
furrow length (L) were formatted in an
empirical power equations [22] as follows:
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Tag = AL™ oo Q)
T = CLY e 2
where:

a and m are empirical advance coefficients,
and ¢ and x are empirical recession
coefficients.

Soil moisture content: It was measured
gravimetrically at three depths (0-20, 20-40
and 40-60) cm at the furrow center, and
bed center. The soil samples were collected
every 10 m along the field prior to irrigation
and at field capacity. The soil moisture
content was calculated using Eq. 1 according
to [27]:

O = (Myy/My) % 100......oorooorrere. 3)

In which: 0 is soil moisture content on a dry
mass basis (%), Mw is mass of water within
the soil sample (g) and Mg is dry mass of dry
soil ().

Application efficiency (Ea, %): it indicates
the beneficial utilization percentage of the
water applied. It is calculated by Eg. 4
according to [17].

Eq = (RZ/¥) * 100.....cccoommrrririrrrirnan. (4)

where:

RZ is amount of water stored in the root zone
and V is total water applied.

Distribution uniformity (DU, %): It
describes how precisely the system distributes
water evenly along the field. DU is defined as
low quarter distribution uniformity and
calculated by Eq. 5 according to [17].

where:

X'Lqis low-quarter average depth infiltrated
and x\ is average depth infiltrated.

Wheat grain yield, its components, and
straw yield: At harvesting, wheat grain yield,;
kg fed?!, some vyield components include
1,000 grain weight; g, spike length; cm, and
number of spikes m2and the straw yield; kg
fed® were calculated.

Water productivity (WP, kg m=): It shows
the change in crop yield related to irrigation
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management  strategies. It  calculated

according to [17] as follows:

Total grain yield, kg /ha.

WP =
Total applied irrigation water, m3/ha.

................................................................. 4)

Quality parameters

After  harvesting the second season

(2022/2023), random grain samples were
collected from each treatment to assess quality
parameters performed in the Food Technology
department, faculty of agricultural Kafr El-
Sheikh University and Rice Mechanization
Center (RMC) Laboratory, Meet El-Deyba,
Kafr EI-Sheikh Governorate, Egypt. Test
weight or hectoliter mass (HLM, kg 100L™)
defines the grain's bulk density and indicates
the potential percentage of milling extraction.
It is an important wheat grading factor [9] and
some cultivars might have the ability to
always have higher HLM than others grown
under similar conditions. A higher HLM
indicates a well-filled wheat grain.HLM was
obtained by filling a 100 ml measuring
cylinder with wheat grain, weighing it, and
expressing it in kg 100L"1 [7]. Kernel hardness
refers to the ability of a kernel to resist
breaking under pressure and directly affects
the yield of flour. It was measured using a
digital grain hardness tester (Model:
AGW).The protein is the most important
component of wheat grain ranged from 8 to
15% on weight basis. it is a reference index
for evaluating the high quality of strong
gluten wheat. It depends on genetic and
environmental factors [14]. The protein
percentage (%) had been determined using the
Kjeldahl method, as defined by [7], Method
46-13, and the factor 5.7 to convert the
nitrogen value in to total protein. The protein
concentration in wheat grain depends on
genetic and environmental factors [14]. Wet
gluten percentage (%) was evaluated using the
hand-washing method (AACC 38-10.01), and
dry gluten percentage (%) was produced after
oven-drying the dough at 105 °C for 6 hours
[7]. The falling number (FN) value expresses
the speed required to move a hot aqueous
starch gel subjected to liquefaction at a
constant temperature of 100°C in a viscometer
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and then let the viscometer initiator fall a
certain distance via the gel [7].

RESULTS AND DISCUSSIONS

Irrigation phases

The data showed that Tf treatment had a
longer advance compared to bed-furrow
treatments, where the average Tad was 164
min for Tf treatment, this finding is in
agreement with many researchers as [2]. The
average irrigation phases for the two growing
seasons and the three events per season for the
bed-furrow treatments are shown in Fig. 1.The
(Tad) for the three treatments T1, T2, and T3
were 100, 98 and 95 min, respectively. This
means the existence of the storage phase had a
simple effect on the advance time, possibly
because the effect of the storage phase began
with the third event and was more pronounced
with the last event; on the contrary, it had an
obvious effect on the depletion and recession
time. The T1 treatment recorded a 13 min
depletion time Td and a 90 min recession time
Tr, the presence of 20% storage time Ts in the
T2 treatment, increased Td and Tr by about
53.8 and 50.0%, respectively. In the T3
treatment, where Ts = 30% Tad, The
depletion time Td and recession time Tr
recorded 25 and 170 min respectively which
increased by about 92.3 and 88.9 %,
respectively compared to the T1 treatment.
The empirical power equations for advance
and recession phases for the three bed-furrow
treatments described as follow:

T1:-
Tad = 0.25 [257 R2 =095
Tr=102.3 L0026 R2=092
T2:-
Tad = 0.37 1?54 R2=0.90
Tr=121.71030 R2 =091
T3:-
Tad = 0.09 L316 R2=0.84
Tr=1336L1%3 R2=091

Water applied

Water applied per event for different
treatments for the two growing seasons
(m3/fed.) is shown in Fig 2. In planting
irrigation; bed-furrow irrigation treatments
consumed irrigation water more than basin-
flooding irrigation treatment (Tf) by about
36.7 and 23.3% for the two growing seasons,
respectively.
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Fig. 1. Surface irrigation phases for bed-furrow

treatments

Source: Own calculation based on experimental data.

0 5

This finding could be attributed to that in the
Tf treatment, the irrigation water advanced
directly above the soil surface from the upper
to the lower end of the field, and irrigation
was stopped (advance phase only), while in
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bed-furrow irrigation water was transported
along the furrows (advance phase), then
continued (storage/filling phase) until the beds
were completely submerged with irrigation
water to promote optimal seed germination.
Inbed-furrow, the advance phase accounted
for 20% of total irrigation time, while the
storage/filling phase accounted for 80%. For
the subsequent irrigations, (Tf) utilized more
irrigation water than bed-furrow treatments,
where the whole field is irrigated; also,
increasing the plant growth and density
creates an obstacle to the advancement of
water in the field, while in bed-furrow the soil
is partially irrigated through paths prepared
for this. Increasing the storage phase in the
bed-furrow treatments increased the amount
of the water applied. Water applied for each
event increased compared to the previous
event; increasing air temperature and weed
growth in the furrows had an impact on bed-
furrow treatments. The amount of water
applied was influenced by the variation in
rainfall throughout the two growing seasons.

T3 T2 T1 Tf
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560
466 433 59
472

466 409 SI8 35 482
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466 250
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Season 2021/2022 | Season 2022/2023 |
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Fig. 2. Water applied per event during the two growing

Seasons.
Source: Own calculation based on experimental data.
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The average seasonal water applied (m®/fed.)
for the different treatments are listed in Table
3. The results showed that there was a highly
significant difference in the total water
applied between the different irrigation
treatments. Bed-furrow treatments T1, T2, and
T3 saved irrigation water compared to Tf
treatment by about 23.3, 14.3 and 10.5 % and
29.7, 21.2 and 17.1 %, for the two growing
seasons, respectively.
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This result is consistent with that obtained by
several researchers [5, 18]. The application of
20 and 30 % storage phase in the T2 and T3
treatments increased the water applied by
about 12.1 and 17.9 % compared to the T1
treatment.

Table 3. Average seasonal water applied for the
different treatments.

Treatment Water applied, m? fed!
2021/2022 2022/2023

Tf 1907 a 2347 a

T1 1463 ¢ 1650 c

T2 1634 b 1850 b

T3 1706 b 1945 b

LSD 0.05 92.0 146.0

Means followed by the same letter in the same column
are not significantly different at the p < 0.05 level.

fed. = 4,200 m?

Source: Own calculation based on experimental data.

Soil moisture content

The averages of soil moisture content in the
bed center and furrow bottom at field capacity
are showed in Fig. 3. The results revealed that
the soil moisture content in the Tf treatment
was higher than in the bed-furrow treatments,
where the soil was completely submerged
with water, as well as fewer evaporation
losses from the soil surface due to the high
density of plants. The moisture content of the
Tf treatment exceeded the field capacity,
which means an increase in irrigation water
loss and a decrease in irrigation efficiency.
For the bed-furrow treatments, the existence
of storage time had a positive effect on the
moisture content in the furrows and within the
beds. The storage phase promotes the lateral
movement of the irrigation water and thus
raises the moisture content within the beds.
The moisture content in the surface layer (0-
20) cm in the furrow increased from 38.6%
for T1 to 39.8% for T2 and 42.2% for T3 and
increased in the center of the bed from 35.5%
for T1 to 37.7% for T2 and 39.3% for T3. The
same trend is observed for the subsequent two
layers.

Application efficiency (Ea, %)
distribution uniformity (DU, %)

The average application efficiency (Ea, %)
and distribution uniformity (DU, %) for the
different treatments are listed in Table 4. The
statistical analysis showed a significant effect

and
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of irrigation treatments on application
efficiency and distribution uniformity at a
95% probability level.

Irrigation treatment
T T1 | T2 | T3
[ furrow | bed | furrow | bed | furrow | bed |

458 386 355 398 377 g, 393
e 7 6.1 33.2 34.2
- 375

40.7

Soil moisture content, %

40-60 m20-40 0-20

Fig. 3. Soil moisture content in the bed center and
furrow bottom at field capacity
Source: Own calculation based on experimental data.

Table 4. Average application efficiency and
distribution uniformity for different treatments
Ea, % DU, %
Treat.
2021/022 | 2022/023 | 2021/022 | 2022/023
Tf 64.7b 60.0c 69.2¢ 705¢
Tl 71.7a 66.6b | 73.3bc | 75.2bc
T2 72.8a 69.5b | 779ab | 775ab
T3 76.6 a 74.7 a 80.7 a 82.3a
LSD
0.05 5.3 49 5.5 5.6

Source: Own calculation based on experimental data.

Bed-furrow treatments enhanced the Ea and
DU compared to flat sowing in the two
growing seasons; the same results were
obtained by [2]. The existence of the storage
phase had a positive effect on the Ea and DU
where stored water increased. The highest Ea
values for the two growing seasons were 76.6
and 74.7% for treatment T3 followed by 72.8
and 69.5% for treatment T2; while Tf gave the
lowest values of 64.7 and 60.6%. It was
observed that there is no significant difference
in the Ea values between bed-furrow
treatments in the first season. The T3
treatment achieved the highest DU with
values of 80.7 and 82.3% followed by the T2
treatment with values of 77.9 and 77.5%
while the Tf treatment gave the lowest values
of 69.2 and 70.5%. There is no significant
difference in the value of DU between

treatments T3 and T2 and between treatments
T2 and T1.

Wheat grain yield

The averages wheat grain yield for different
treatments are listed in Table 5.The analysis
of variance indicated that irrigation treatment
had a significant effect on wheat grain yield at
the 95% probability level. Raised bed
increased wheat grain yield compared to flat
sowing in the two growing seasons; the same
findings were obtained by [3, 5]. Bed-furrow
treatments T1, T2 and T3 increased wheat
grain yield compared to Tf treatment by about
22.6, 27.1 and 39.3 % and 13.8, 15.5 and 31.6
% for the two growing seasons, respectively.
Increasing the storage phase leads to an
increase in wheat grain yield where the lateral
infiltration in the middle zone of the bed is
enhanced. The T3 treatment is superior in
grain yield compared to the other treatments.
It achieved 3,107 and 3,185 kg fed™ for the
two growing seasons, respectively.

Table 5. Average wheat grain yield for different
treatments

Grain yield, Water productivity,
Treat. kg fed* kg m®

2021/022 2022/023 2021/022 2022/023
Tf 2,230 b 2,421b 117b 1.03b
T1 2,734 a 2,755 a 1.87a 1.67a
T2 2,835a 2,796 a 1.74 a 151a
T3 3,107 a 3,185a 1.82a 1.64a
LSD 0.05 | 501.0 627.0 0.44 0.39

Means followed by the same letter in the same column

are not significantly different at the p < 0.05 level.
fed. = 4,200 m?
Source: Own calculation based on experimental data.

Yield components and straw yield

The averages for some yield components,
including the 1,000 grain weight; g, spike
length; cm, and the number of spikes m and
straw yield; kg fed? for different treatments,
are listed in Table 6. The statistical analysis
showed a significant effect of irrigation
treatments on the 1,000 grain weight, spike
length, and straw yield in the first season,
while there was no significant effect on the
number of spikes m? and straw yield in the
second season. The results showed that bed-
furrow irrigation enhanced the 1,000 grain
weight and spike length while, basin-flooding
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irrigation surpassed in the number of spikes
and straw yield. The superiority of basin-
flooding in the number of spikes m? and
straw vyield is due to the fact that, in basin-
flooding irrigation, the field is cultivated
completely since there are no area losses due
to furrows, as in bed-furrow irrigation. The
existence of the storage phase enhanced the
yield components and straw yield. There is no
significant difference in the 1,000 grain
weight between bed-furrow treatments, and
the highest value was 72.5 and 80.0 g for the
two growing seasons, which was achieved by
the T3 treatment. The difference in spike
length between bed-furrow treatments was
significant in the first growing season only;
the highest values were 13.0 and 13.2 cm for

the two growing seasons achieved by T3
treatment. The highest number of spikes in the
first growing season was 237 spikes m
achieved by the T3 treatment, followed by T2
and Tf with a value of 225 spikes m, while
the highest number of spikes in the second
growing season was 271 and 270 spikes m
achieved by the Tf and T3 treatments,
followed by T2 with a value of 263 spikes m"
2. The highest straw yield was achieved by the
Tf treatment with values of 3,641 and 3,130
kg fed-1 for the two growing seasons
respectively, followed by 3,062 kg fed-1 for
the T3 treatment in the first season and 3,130
kg fed-1 for the T2 treatment in the second
season.

Table 6. Average yield components and straw yield for different treatments.
Treatment 1,000 grain weight; g Spike length; cm Number of spikes m2 Straw yield; kg fed!
2021/2022 | 2022/2023 | 2021/2022 | 2022/2023 | 2021/2022 | 2022/2023 | 2021/2022 | 2022/2023
Tf 52.3b 60.0b 11.0¢c 112b 225 271 3,641 a 3,130
T1 595a 67.5a 11.7b 12.3a 217 233 2,847b 2,878
T2 725a 68.8 a 120b 128a 225 263 2,796 b 3,130
T3 725a 80.0a 13.0a 13.2a 237 270 3,062 b 3,124
LSD 0.05 19.60 * 14.30 * 0.47 * 1.08 * 37.6ns 68.9 ns 3285 * 446 ns

Means followed by the same letter in the same column are not significantly different at the p < 0.05 level.
*  ns significant and not significantly different at the p < 0.05 level.

fed. = 4200 m?
Source: Own calculation based on experimental data.

Water productivity

The averages of water productivity for
different treatments are listed in Table 7. The
analysis of variance indicated that irrigation
treatment had a significant effect on water
productivity at a 95% probability level.
Raised beds enhanced water productivity
compared to flat sowing; many findings fixed
that [3, 18]. The T1 treatment achieved the
highest water productivity with values of 1.87
and 1.67 kg m?® for the two seasons,
respectively, followed by the T3 treatment
with values of 1.82 and 1.64 kg m=. The
lowest water productivity was obtained by the
Tf treatment with values of 1.17 and 1.03 kg
m= for the two seasons, respectively. The
existence of a 20% storage phase decreased
water productivity because the water applied
increased but was not matched by a
corresponding increase in grain yield.
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Quality parameters

Wheat grain quality parameters, including
hectoliter mass (HLM, kg 100LY), Kernel
hardness (kg), protein percentage (%), wet
and dry gluten percentage (%), and falling
number (FN, sec.) for the second season are
shown in Table (7). The statistical analysis
showed that the irrigation treatments had no
significant effect on the quality parameters
except for dry gluten. The obtained HLM
values ranged from 68.30 to 72.50 kg 100L!
without significant differences between
treatments. The HLM of normally wheat is
between 70 to 85 kg hL™', but can be altered
due to environmental conditions, damage due
to insects, water and temperature stress, and
nutrient  deficiency [26]. The protein
concentration was influenced by the
availability of water during the growing
season. Wheat having high protein content
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tends to be hard, has strong gluten, and
produces good quality bread. The positive
correlations between protein content and
hardness were reported by [16]. Grains with
higher protein content tended to be harder,
which results in higher water absorption [14].
The Tf treatment gave the lowest values of
HLM and FN, while T1 gave the lowest
values of Hardness and wet gluten. The T2
treatment achieved the highest quality
parameters.

Table 7. Average quality parameters for different
treatments.

Hard- Gluten %

Protein FN
-ness wet dry

Tf 68.3 | 6.0 13.6 274 | 94b | 431
T1 725 |59 13.6 273 | 9.3b | 435
T2 725 | 651 | 138 27.8 11.1a | 453
T3 712 | 6.3 13.7 27.7 10.7a | 446

Lsb |81 |07 |12 3.2 1.2 50.9
0.05 | ns ns ns ns * ns
Means followed by the same letter in the same column
are not significantly different at the p < 0.05 level.

*  ns significant and not significant at the p < 0.05.

fed. = 4200 m?

Source: Own calculation based on experimental data.

Treat | HLM

CONCLUSIONS

Depending on the results obtained, the bed-
furrow irrigation system saved irrigation
water and improved the wheat grain yield at
the same time. The presence of a storage
phase leads to an improvement in water
application  efficiency and  distribution
uniformity. The application of the storage
phase by 30% increased the wheat grain yield,
while the application of the storage phase by
20% increased the water productivity and
grain quality parameters. The application of
the storage phase is considered a successful
irrigation management strategy to enhance
bed-furrow irrigation efficiency and raise
wheat grain yield and quality parameters.
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Abstract

Mycotoxin contamination in animal feed is a significant point of concern within the European food supply network.
These toxic secondary metabolites produced by fungi have the potential to contaminate feed and pose a risk of
making their way into the human diet via animal products like meat, milk, and eggs. The consequences of mycotoxin
contamination extend beyond animal health, affecting economies and public health, presenting complex issues for
agricultural producers, regulatory bodies, and consumers. Even with stringent controls and surveillance in place,
mycotoxins remain a persistent issue. This study provides updated findings on the prevalence of mycotoxins globally
and specifically in Europe, with a focus on analyzing the incidence of ochratoxin A both worldwide and within
European contexts. The dispersion of mycotoxina within a given region can have considerable economic
consequences for the trade of animal feed, directing stakeholders toward making informed decisions about the types

of analyses in which they should allocate more resources.

Key words: mycotoxin prevalence, food safety, ochratoxin A, cereals, economic impact

INTRODUCTION

The presence of mycotoxins in animal feed
represents a critical vulnerability in the
European food chain. In a worldwide study
examining the prevalence of mycotoxins, 77%
of feed ingredient samples from North
America were found to contain at least one
mycotoxin at levels exceeding the established
threshold [24]. Another estimation imply that
25-50% of the world’s food crops are affected
by mycotoxins [5]. Worldwide investigations
have revealed that between 30% and 100% of
food and feed samples exhibit co-
contamination with mycotoxins, even when
the levels of individual mycotoxins remain
under the designated safe thresholds. This
phenomenon heightens the significance of
mycotoxin management because of the
potential cumulative and possibly synergistic

harmful impacts these toxins can have when
present together [25]. Mycotoxins, toxic
secondary metabolites produced by fungi,
have the potential to contaminate feed and
subsequently enter the human food supply
through meat, milk, or eggs [30]; [36]. The
financial and health-related consequences of
mycotoxins have a broad and significant
impact, posing challenges to farmers,
policymakers, and consumers alike [20].

Aflatoxins (AFB1, AFB2, AFGl, AFG2,
AFM1, and AFM2) [21], zearalenone (ZEN),
fumonisin B1 (FB1), patulin, ochratoxin A
(OTA), and deoxynivalenol (DON) are the
mycotoxins of significant importance in terms
of agroeconomics, specifically food safety and
food security, as well as public health [8];
[37]. The range of adverse health effects
encompasses acute poisoning, disorders of the
central  nervous, cardiovascular, and
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pulmonary systems, as well as hepatotoxicity,
nephrotoxicity, immunosuppression,
genotoxicity, carcinogenicity, disorders at the
level of intestinal tract, leading to potential
fatality [11]; [19]; [23]. For animals, these
substances have the effect of decreasing the
rate of growth in juvenile animals, and in
certain cases, they disrupt the natural
mechanisms of resistance and compromise the
animals' ability to mount an immune response,
thereby increasing their vulnerability to
infections [14]. It has been established that
they possess immunosuppressive properties
and could impede the process of DNA
synthesis [4].

The molds predominantly responsible for
mycotoxins productions are Aspergillus,
Penicillium, and Fusarium fungi [12]; [3];
[1], and these can grow on a diverse array of
crops and food and feedstuffs that includes,
but is not limited to, maize, sorghum, millet,
wheat, rice, various spices, dried fruits,
apples, coffee beans, and cocoa [35]. The
production of mycotoxins is contingent upon
specific environmental conditions, particularly
warm and humid settings, which are prevalent
during the stages of harvesting, handling,
storage, and processing. Certain mycotoxins,
including deoxynivalenol (DON), zearalenone
(ZEN), and fumonisin (FB), have the potential
to contaminate grains either during the
preharvest stage or in the field. Conversely,
aflatoxin (AF) and ochratoxin (OT) can arise
during storage because of inadequate
postharvest practices. The primary route of
mycotoxin exposure is through ingestion,
which presents a significant health risk to both
humans and livestock [35]; [4].

Mycotoxin regulations have been established
in more than 100 countries, and the maximum
acceptable limits vary greatly from country to
country [37]. The European Union
harmonized regulations for the maximum
levels of mycotoxins in food and feed among
its member nations [25]. Despite rigorous
regulations and monitoring systems in place,
the enduring presence of mycotoxins
continues to be a matter of concern.

The present review provides a comprehensive
analysis of the presence of mycotoxins in feed
commodities within the European region and
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focuses on the presence of ochratoxin A in
feed commodities. This analysis is based on a
systematic review that places particular
emphasis on the health hazards associated
with the agrifood value chain. We aim to
explore the multiple dimensions of
mycotoxins issue, especially ochratoxin A,
focusing also on its economic impact and
implications for food security and public
health in Europe.

MATERIALS AND METHODS

To quantify the incidence of mycotoxins in
European feed market, we analyzed data on
mycotoxins in all feed commodities, for all
kind of animal consumers (ruminants, poultry,
fish etc.) to identify mycotoxin prevalence
and how these varied across Europe in the last
3 years. Data on feed mycotoxin analysis were
supplied by the DSM World Mycotoxin
Surveys published on the downloads of DSM-
Firmenich Animal Nutrition & Health, for
2021 - 2023 period [8], [9], [10]. Data were
filtered to retain samples that had as origin
countries from Europe for analyzing total risk
posed by mycotoxins and the prevalence of
the main six mycotoxins in feed commodities,
and from the world and Europe, for analyzing
the prevalence of the ochratoxin A in feed
commodities.

Data were analyzed using Microsoft Excel of
Microsoft 365 Personal All edition (v. 2023).

RESULTS AND DISCUSSIONS

The prevalence of mycotoxins in feed
commodities within the European region
The prevalence of mycotoxins can vary due to
a multitude of factors including climate,
agricultural practices, and the efficacy of
regulatory frameworks. Furthermore, the
presence of mycotoxins in feed commodities
is subject to seasonal and yearly fluctuations,
making it difficult to give a straightforward
ranking. Therefore, analyzing the mean data
for several years, for all feed categories can
allow some general observations and
conclusions, as follows:

Southern European Countries: Due to warmer
climates, countries like Spain, Italy, and
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Greece may be more susceptible to certain
types of mycotoxins like aflatoxins.

Eastern European Countries: Nations like
Romania, Poland, and Ukraine have been
noted in some studies to have elevated levels
of mycotoxins like deoxynivalenol (DON)
and zearalenone. This could be due to various
factors, including less stringent regulatory
oversight in some cases.

Northern European Countries: While less
conducive to some types of mycotoxins,
countries like the UK, Germany, and
Scandinavia can still suffer from others like

ochratoxins that prefer cooler, temperate
climates.
Western  European  Countries:  France,

Belgium, and the Netherlands generally have
rigorous testing and regulatory frameworks
but are not immune to the problem.

It is important to consider that these
observations may not be consistent, and they
are also influenced by the international trade
of feed commodities. Different countries have
different standards and frequencies for testing
for mycotoxins, making direct comparisons
challenging [6].

One of the ways to compare data are the
analysis  performed by  multinational
companies, that are using the same working
protocols all over the world. According to
DSM World Mycotoxin Survey, the total risk
of mycotoxins contaminations in Europe in
feed, in the period 2021 — 2023 has an
obvious rising trend in 2023, compared with
the previous 2 years, with a pick for Southern
Europe (Fig. 1). Generally, northern Europe
has a lower risk of mycotoxin contamination
when compared with the Central and Southern
Europe.

Aflatoxins,  zearalenone, deoxynivalenol,
T2, fumonisin, and ochratoxin A are the main
mycotoxins affecting feed. Their prevalence is
of maximum importance for the animal
production industry and millions of Euro are
spent for the mycotoxin analysis yearly.
Aflatoxins are produced by Aspergillus flavus
and Aspergillus parasiticus and are abundant
in warm and humid regions of the world [34].
Zearalenone (ZEN), is a potent estrogenic
metabolite produced by some Fusarium and
Gibberella species [18].
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Fig. 1. The total risk of mycotoxins contaminations in
Europe, in the period 2021 — 2023

Source: data according to DSM World Mycotoxin
Survey [8, 9, 10].
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Deoxynivalenol (DON) is one of several
mycotoxins produced by certain Fusarium
species that frequently infect corn, wheat,
oats, barley, rice, and other grains in the field
or during storage [29].
T-2 toxin is the most toxic fungal secondary
metabolite produced by different Fusarium
species, being also the most common cause of
poisoning that results from the consumption
of contaminated cereal-based food and feed
reported among humans and animals [16].
Fumonisin is a mycotoxin produced by the
fungus Fusarium verticillioides, a common
contaminant of corn and corn products [28].
Ochratoxin A are produced by Aspergillus
ochraceus and Penicilium verrucosum and are
at least ten times more toxic than ochratoxin
B, ochratoxin C or citrinin [15].
The evolution of the prevalence of these main
six mycotoxins in Europe in the period 2021-
2023 (Fig. 2) depicts quite alarming situation
for Southern Europe in 2023, especially for
zearalenone, and fumonisin. As a
general remark, deoxynivalenol is the
mycotoxins usually present in all the areas,
every year, while for fumonisin the
prevalence is very variable, depending on the
region and testing period, indicating a
correlation with the climatic conditions.
Huge amount of data is available on DSM
World Mycotoxin Surveys, based on yearly
reports from around 25,000 samples, 120,000
analyses, from samples from around 80
countries.
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Fig. 2. The prevalence of the main six mycotoxins in feed commodities within the European region
Source: data according to DSM World Mycotoxin Survey [8, 9, 10].

The presence of ochratoxin A in feed
commodities in the world

The presence of ochratoxin A (OTA) in the
food chain has raised serious health concerns
due to its toxicological properties, which
include nephrotoxicity, immunotoxicity, and
potential carcinogenic effects. The fungi
responsible for OTA  production, of
Aspergillus and Penicillium genous [33], can
proliferate on crops pre-harvest, during
storage, or along the food supply chain.
Aspergillus ochraceus grows better in oilseeds
Penicillium. verrucosum may grow better in
wheat and corn. Generally, the formation of
OTA takes place predominantly post-harvest,
particularly in cereal and cereal-based
products that have not been adequately dried.
Various factors contribute to the production of
OTA, including environmental variables like
temperature and moisture levels, as well as the
quality and type of the seeds involved [7].
Given its stability, OTA can endure food
processing techniques, thereby posing a
significant risk for end consumers, either
animal or human. European Food Safety
Authority (EFSA) and the Food and
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Agriculture  Organization (FAO) have
established maximum permissible limits for
OTA in different matrices, however,
regulations are often challenging to enforce
due to the widespread nature of this
contaminant and gaps in surveillance.

The  Commission of the European
Communities Recommendation  2006/576
established the values for OTA in feedstuffs at
a level of 250 pg/kg for cereals and cereal
products, at 50 ug/kg for completary and
complete feedstuffs for pigs and at 100 pg/kg
for completary and complete feedstuffs for
poultry [7].

Swine exhibit a higher wvulnerability to
ochratoxin A (OTA) exposure relative to other
livestock species [33]. In lItaly, research by
Pozzo et al., 2010, detected contamination of
ochratoxin A (OTA) in swine feed, with
concentrations ranging from 0.22 to 38.4
ng/kg, while [27], in the Czech Republic,
Zachariasova et al., 2014, reported an average
OTA concentration of 3 pg/kg, noting that
just a single sample surpassed the European
Union's advised OTA limit of 50 pg/kg [38].
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Fig. 3. The prevalence of the ochratoxin A in feed commodities in the world
Source: data according to DSM World Mycotoxin Survey [8, 9, 10].

At the world level, the prevalence of OTA in
feed is below 10% Northern Europe, North
and Central America, South Africa, and
Oceania (Fig 3). Southern, Eastern and
Central Europe, South America, Subsaharan
Africa, and South- East Asia generally have a
prevalence of OTA between 10-20%. The
situation is alarming in China/Taiwan, with a
prevalence of more than 20-30%, and even
more in South Asia, where OTA can be found
in more than 70% of the analyzed samples.

The presence of ochratoxin A in feed
commodities in Europe

The prevalence of ochratoxin A in feed
commodities in Europe was below 10% in
Northern Europe, with a minimum in 2022,
when it only been 2% (Fig.4.) The same
pattern happened for Southern Europe, where
in 2022 the prevalence was only 5%, although
in 2021 this was 20% and in 2023 raised to
13%. As the summer of 2022 was Europe’s
worst drought in the last 500 years [31], one
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possible explanation could rely on the lack of
humidity, that did not favor the fungi
development. Still, for Eastern and Central
Europe, the decreasing trend continued in
2023, indicating that the lack of water in the
first part of the season can contribute to a
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dramatical drop down of the presence of
mycotoxines in feed commodities.

Still, Eastern Europe has an average
prevalence of almost 20%, indicating also that
other measures should be put in place to reduce
the mycotoxins risk for human and animal health.
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Fig. 4. The prevalence of the ochratoxin A in feed commodities within the European region
Source: data according to DSM World Mycotoxin Survey [8, 9, 10].

Impact on feed, food safety and food chain
The economic repercussions of mycotoxins in
animal feed are extensive and multi-faceted.
The presence of mycotoxins in animal feed
has a ripple effect on food security and public
health. Residues can accumulate in animal-
derived products, such as meat and milk,
which may then be consumed by humans.
Long-term exposure to low levels of these
toxins can lead to chronic health issues,
including immune suppression and
carcinogenic effects. The mycotoxin issue
thus extends beyond the agricultural
community to affect the general population,
posing challenges for public health officials
and medical researchers.

The expansion of international trade and the
increasing complexity of supply chains are
introducing novel challenges in ensuring food

and feed safety across the globe. A
precautionary  strategy  for  consumer
protection should encompass a Risk
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Assessment that accounts for every phase of
the worldwide food supply chains. There exist
significant knowledge deficits within the trade
structures of these chains, particularly in
logistical components like transportation and
storage [2].

European countries have established stringent
regulations concerning mycotoxin levels in
animal feed, aligned with guidelines from the
European Food Safety Authority (EFSA).
However, the ever-changing climatic
conditions and global feed supply chains add
layers of complexity to regulatory
enforcement. Additionally, the variety of
mycotoxins and their different impacts on
various animal species complicate the
regulatory landscape.

Non-compliance not only leads to economic
losses but also hampers market access, as
some countries outside the EU have even
stricter regulations concerning mycotoxins in
imported animal products.
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Regardless of regulations, many possible
strategies may be adopted by farmers, to
reduce mycotoxins contaminations. Focker et
al., 2020, mentions the use of a fungicide to
control Fusarium head blight, use of resistant
maize cultivars and/or biocontrol, improved
storage management, innovative milling
strategies and use of mycotoxin degrading
enzymes for bioethanol production [13].

Economic impact

In US, Mitchel et al., 2016 estimate that only
aflatoxin contamination in corn could cause
losses ranging from US$52.1 million to
US$1.68 billion annually [22]. Some studies
suggest that the European Union could face
annual losses ranging from €3 to €5 billion
due to the adverse effects of mycotoxins on
livestock health and productivity [17].

Table 1. Different categories of costs related to the presence of mycotoxins in feed commodities within the

European region

Direct costs

Indirect costs

Research and development Costs

Feed Contamination and Waste:
Mycotoxin-contaminated feed
often has to be discarded to prevent
further risks, leading to waste and
requiring replacement with
uncontaminated feed.

Testing and Monitoring: To comply
with regulations and ensure the
safety of animal feed, producers
often need to invest in mycotoxin
testing, which can be expensive.

Innovation and Technology: Firms
may invest in research to develop
mycotoxin-resistant feed varieties or
more effective detoxifying agents,
which is a long-term but essential
cost.

Reduced Feed Efficiency: Animals
consuming low levels of
mycotoxins may exhibit reduced
feed conversion rates, affecting
productivity and thus increasing
costs per unit of animal product.

Regulatory Penalties: Non-
compliance with mycotoxin
regulations can result in fines and
other penalties.

Detection and Analysis: Developing,
refining, and implementing new
detection methods for various
mycotoxins in feed. This includes
the cost of purchasing and
maintaining sophisticated analytical
equipment, reagents, and materials.

Veterinary Expenses: Animals
exposed to mycotoxins may require
medical treatment for symptoms
ranging from digestive issues to
severe illnesses. This adds to the
veterinary costs, including both
medicines and professional
services.

Market Access and Trade
Restrictions: Exceeding mycotoxin
limits can result in restricted market
access, both domestically and
internationally, as some markets
may ban products from sources with
known mycotoxin issues.

Surveillance Programs: Conducting
regular monitoring and surveillance
of feedstocks to assess mycotoxin
levels, which requires ongoing
funding for sample collection,
testing, and data analysis.

Decreased Animal Productivity:
Mycotoxins can impact the growth
rates, reproductive capacity, and
milk production of livestock.
Reduced productivity means fewer
marketable goods and thus, lower
revenues.

Consumer Confidence: News of
mycotoxin contamination can erode
consumer trust, leading to reduced
demand and prices for animal
products.

Prevention and Control Strategies:
Investing in the development of new
feed additives or treatments that can
inhibit mycotoxin production or
mitigate their effects. This involves
funding laboratory research, field
trials, and regulatory approval
processes.

Mortality: In severe cases,
exposure to mycotoxins can lead to
animal deaths, resulting in
immediate economic loss for the
producers.

Loss of Man-hours: Managing a
mycotoxin outbreak involves
significant time and labor, including
diagnosing the problem, treating
affected animals, and implementing
preventive measures.

Data Management and Software
Development: Developing software
for the prediction, management, and
documentation of mycotoxin risks,
which includes costs for
programmers, data scientists, and 1T
infrastructure.

Loss of Market Access: For feed
producers and exporters, the
presence of mycotoxins can lead to
restrictions in certain markets,
which can have significant
financial implications.

Litigation Costs: In extreme cases,
failure to manage mycotoxins
effectively could lead to legal
consequences, adding litigation costs
to the economic burden

Collaborative Research: Funding
joint research initiatives with
academic institutions, government
agencies, and industry partners to
advance the understanding and
management of mycotoxin
contamination.

Source: Pitt et al., 2012 [26].
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Regarding contamination with deoxynivalenol
(DON) in Europe from 2010 to 2019, Johns et
al., 2022 reported that 75 million tons of
wheat, accounting for 5% of the wheat
intended for human consumption, was
relegated to animal feed as it surpassed the
threshold of 750 pg/kg due to Fusarium head
blight contamination. his downgrading led to
an economic loss of around €3 billion, a
figure that was estimated without considering
additional losses from diminished crop yields,
the presence of other mycotoxins associated
with Fusarium head blight, or the expenses
related to fungicide treatments and mycotoxin
assays. Consequently, this estimate represents
only a portion of the overall economic burden
imposed by head blight [17].

Another modeling calculation in wheat in EU
indicated annual losses due to mycotoxins at a
level of 5-10%, which equates to €1.2-2.4
billion in lost income just [32].

The economic impact could be evaluated
considering the direct costs and the indirect
costs [26], but also the research costs, as a
separate category (Table 1). Direct costs
include immediate losses from rejection or
destruction of contaminated feed, increased
veterinary expenses, and decreased animal
productivity. Indirect costs extend to market
restrictions, especially in terms of exports, as
well as additional costs for testing and
monitoring to ensure feed quality. The
financial burden disproportionately affects
smaller farms that may lack the resources for
extensive  monitoring and  compliance,
exacerbating economic disparities within the
agricultural sector.

Moreover, indirect costs such as loss of
market access for exports due to stricter
import regulations in other countries, as well
as the financial burden of constant feed
monitoring, add to this considerable economic
impact.

This enduring issue challenges the stability
and profitability of the European livestock
industry, affecting small-scale farmers and
large enterprises alike.

CONCLUSIONS
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The persistent occurrence of mycotoxins in
animal feed continues to pose a substantial
risk within Europe’s feed supply chain.
Despite extensive regulatory measures and
surveillance efforts, the intricate nature of
mycotoxin contamination makes it an ongoing
challenge. The repercussions are
economically significant, with implications
for the agricultural industry and the wider
economy. Understanding the distribution of
particular mycotoxin within a given region
can have considerable economic
consequences for the trade of animal feed,
directing  stakeholders toward making
informed decisions about the types of analyses
in which they should allocate more resources.
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Abstract

Food security, defined as the availability, accessibility, utilization, and stability of food, is a critical concern in the
context of global sustainability and human well-being. The COVID-19 pandemic has further exacerbated existing
challenges, putting additional strain on food systems and exacerbating vulnerabilities. The current world status
demands a thorough evaluation of the food security situation in Romania and other Eastern European countries. We
must take into account various elements that influence this extremely intricate subject. Our approach involves
analyzing data from reputable sources whose main purpose is to support nations in finding solutions for a
sustainable future, such as FAO, EU or UN. Our goal is to acquire a detailed insight into how world events
impacted the food security of Eastern European countries. Moreover, we investigated the role of social and
economic inequalities that contribute to food insecurity, as well as the consequences of climate change on food
systems' stability. Through this rigorous analysis, we seek to contribute to the existing body of knowledge and
inform policy and decision-making processes towards achieving sustainable and resilient food security in the

region.
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INTRODUCTION

At the end of the XX century, in the Italy
capital, within the World Food Summit, the
state leaders, United Nation, and FAO
pronounced the “Rome Declaration on Food
Security” [15]. According to this declaration,
we can discuss about food security for people,
if they have both physical and economic
access to enough safe and nutritious food to
acquire their alimentary needs and individual
food options for a vivid and joyful life. In
other words, food needs to be available to
people, to be easily accessed, to be consumed
accordingly and all three above should not
fluctuate in time and should not have
differences among regions [2, 8, 28].
However, in the past 4 years, the course of
history took a never-before-seen turn and the
dynamic global events that occurred
influenced the outlook on food security all
over the world [36]. We have seen climate
changes and extreme weather events that
damaged crops and negatively affected
agricultural production. The outburst of the

COVID-19 pandemic was an unprecedented
crisis that disrupted the supply chains and
outlined the vulnerability of millions [24].
Lockdowns directly affected livelihoods,
especially for people working in agriculture
and food supply chains. The repercussions of
the geopolitical turmoil caused by COVID
and the rising inflation have had a profound
impact on the stability of food systems,
exacerbating the already existing challenges.
Consequently, the interplay  between
geopolitical dynamics [34] and food security
has become a critical area of concern,
necessitating comprehensive analysis and
strategic interventions to mitigate the adverse
consequences on global sustenance.

The COVID-19 pandemic has not been the
only factor contributing to food insecurity in
the studied countries. The rising prices of
essential food items have also played a
significant role, making it harder for families
to access nutritious meals. Moreover, climate
changes and extreme weather events have had
a severe impact on food production, leading to
shortages and higher prices. Finally, social
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inequality has exacerbated the issue, as
vulnerable demographics have been hit the
hardest by the pandemic and its aftermath.
These elements have added to the complexity
of the food security challenge and require a
comprehensive approach to address them
effectively, which is why we chose this topic
for our study as a first step.

MATERIALS AND METHODS

Since food security is a widely interesting
topic, numerous private and public institutions
provide data and reports on the current world
situation. Our paper combines data offered by
reports and studies presented by public
entities such as the European Union, FAO,
World Bank, The Economist, and Food
Security Information Network, and offers a
multi-faceted perspective on food security.
We compared data available for Romania and
the neighbouring countries and tried to
provide context as to why the situation
presents itself as such. We chose for
comparison the countries included in the
Eastern Europe region by the UN
methodology [37] that are also part of the

European Union. These countries are
Romania, Bulgaria, Hungary, Poland,
Slovakia and Czech Republic. National

sources such as National Statistics Offices for
each country were utilized and data was
extracted for this paper.

RESULTS AND DISCUSSIONS

Disruption of food supply chains — the
aftermath of COVID-19

In December 2019, the city of Wuhan, China
reported an outbreak of pneumonia cases of
unknown origin. On January 5, 2020, WHO
made the first public international media
report [38] of what would become one of the
greatest challenges of the 21st century so far.
Nobody could have predicted the intricate
implications of this global event. According to
the IMF, since the beginning of the pandemic
by the end of 2022, more than 272 billion
EUR were infused in world economies to
rebalance the economic environment with an
additional 461 billion EUR approved for
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providing liquidities to countries in need of
financial recovery [15]. According to the
same report, Romania spent around 7.59 % of
its GDP on COVID-related fiscal measures.
Romania’s percentage is significantly lower
than its regional counterparts, but in terms of
value, almost 3 times larger than Bulgaria’s.
Even with the quick global response to the
pandemic, lockdowns and travel restrictions
led to supply chain blockages. The migrant
workforce was stuck in their respective
countries, which caused a labor market
shortage. Circulation restrictions led to
discontinuation in the transport of goods,
which in turn led to a shortage of products
available on the markets. International trade in
agriculture faced disruptions due to border
closures and restrictions, affecting both the
importation of essential inputs (such as seeds,
fertilizers, and pesticides) and the export of
agricultural products. Fluctuations in demand
and supply, combined with  market
uncertainty, led to price volatility for various
agricultural commodities. With the shutting of
sectors like tourism or HORECA, many
people faced a sudden drop in their income.

Table 1. Cost of fiscal measures to minimize COVID-
19 impact on the selected countries

% of GDP Value of
GDP 2021 spent for COVID-19 fiscal
(bil. EUR) COVID-19 measures (Bil.
fiscal measures EUR)
Poland 574.7 11.28 64.8
Czech
Republic 238.25 24.7 58.8
Romania 241.3 7.59 18.3
Bulgaria 71.1 9.19 6.5

Source: IMF, Fiscal Monitor Database of Country
Fiscal Measures in Response to the COVID-19
Pandemic, Oct.2021 [25].

As a result, the drop in income coupled with
the rise in food prices led to food insecurity
for a large share of the population.

However big the share of funds allotted to
counteract the effects of COVID-19, the
impact on the food supply chain and
subsequently on food security was significant.
The inflation took a quick turn upward, the
evolution of the Harmonized Index of
Consumer Prices (HICP) pictured in Figure 1
being the most relevant proof.
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Fig. 1. Evolution of HICP between 2013 and 2022
Source: European Commission, Harmonized Index of
Consumer Prices (HICP) annual data, Sept 2023 [13].

Changes in consumer behavior, such as
increased demand for locally produced food
and a surge in online sales, influenced the way
agricultural products were distributed and
marketed. There was tremendous support for
locally produced goods, and those who saw
the opportunity thrived. Therefore, the
pandemic accelerated the adoption of
technology in agriculture, including the use of
automation, drones, and digital platforms for
marketing and sales. Still, many small-scale
and subsistence farmers faced heightened
economic vulnerability, as they lacked the
resources to adapt to the rapidly changing
circumstances even with governments around
the world implementing various policies to
support farmers and stabilize the agricultural
sector. The pandemic underscored the
importance of building resilience in the
agricultural sector. Some farmers adapted by
diversifying crops, adopting sustainable
practices, and exploring new markets or even

by increasing awareness in their own local
communities. This global event emphasized
the vulnerability of food systems and their
dependence on the well-oiled machine that is
international trade. Cheaper products, coming
from countries like Ukraine, Turkey,
Moldova, or other Balkan Countries outside
of the EU lower the demand for their
European counterparts [22]. Farmers from
Eastern Europe expressed their discontent
with the excessive quantities of food imports,
thereby illustrating the challenges encountered
in upholding unity and effectively managing
the surplus. This situation sheds light on the
interdependencies within the agricultural
dynamics of the region. Although food
insecurity is not currently a pressing concern
in Europe, the potential failure or financial
unattractiveness of European farmers, if left
unprotected, could have far-reaching
consequences. Over time, this could lead to
escalating prices, and inflation, ultimately
contributing to food insecurity [23][31][9].
The impact of rising prices of essential food
items on food security for Romania and its
regional peers

As we have seen in Figure 1, all around
Europe the cost of living increased due to
inflation and the abrupt rise of prices.
Romania and its neighbors were no
exceptions, and as we see below in Table 2,
the increased cost of a healthy diet caused
larger percentages of people who cannot
afford a healthy diet.

Table 2. Cost progress for a healthy diet and the impact on the % of the population that can afford it or not

Cost of a healthy diet People unable to afford a healthy diet

EUR per person per month Total number (thousand people) & Percentage of total population

2017 | 2018 | 2019 | 2020 2017 2018 2019 2020

Europe 948 96.9| 96.9 | 100.5 | 18,300 (2.6%) | 15,200 (2.2%) | 13,700 (2%) | 14,600 (2.1%)
Bulgaria | 119.4 | 121.8 | 123 | 129.6 800 (11.3%) 600 (9%) 600 (8%) 600 (8.5%)
Czechia 915 92.1| 921 | 936 38 (0.4%) 19 (0.2%) 19 (0.2%) 19 (0.2%)
Hungary | 104.4 | 106.8 | 106.5 | 110.1 300 (3.3%) 200 (2.3%) 200 (1.9%) 200 (2%)
Poland 918 94.2 96 | 100.2 400 (1%) 500 (1.4%) 300 (0.8%) 400 (1%)
Romania [ 92.1 | 93.3| 95.1( 100.8 | 2,300 (11.9%) | 1,300 (6.9%) | 1,600 (8.3%) | 1,700 (8.8%)
Slovakia | 95.1| 98.1| 98.1| 99.6 100 (2%) 100 (2.4%) 100 (1.2%) 100 (1.2%)

Source: FAO [19].
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In 2021, 21% of the total Europeans who
could not afford the cost of a healthy diet
were from Eastern Europe.

A closer look at the evolution of the real wage
growth compared with the yearly inflation
(Figure 2) tells us exactly why the financial
security of Romanians is currently in jeopardy
and subsequently, the affordability in terms of
access to food is in danger. The spike in
inflation in 2022 did not match with a
comparable wage growth. So, while the net
income for Romanians grew in 2022, the
people did not feel this growth because prices
grew even more. Middle and lower-income
families are thus forced to choose cheaper and
lower-quality foods in order to make ends
meet. This creates the perception of a more
insecure environment regarding food. Because
even though food is readily available in stores,
the customer needs to think twice about
whether he can afford it or not. Extensive
research [27], [1], [3], has firmly established a
strong correlation between food insecurity,
which arises from the constraints imposed by
poverty on accessing nutritious diets, and the
heightened prevalence of obesity, particularly
among adult females and in affluent nations.
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Fig. 2. Comparison between real wage growth index
and yearly inflation in Romania
Source: NIS [32].

Climate change and extreme weather
events that affected the agricultural
productivity and food security in Eastern
Europe

Recent years, like 2021 and 2022, have seen
record-breaking extreme weather events in
Europe, triggering catastrophic flooding and
heat waves [17]. These events cause massive
damage to the crops, resulting in food scarcity
and rising prices. While poorer countries from
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around the world feel the shock of weather
events more powerful, in Europe, the main
impact is on the volatility aspect of the food
supply chain [29] Floods in Europe have
devastated crops, especially in the southern
part (ltaly and Greece) [20]. In the
meanwhile, drought affects the rest of Europe.
Figure 3 shows the extent of drought-affected
territories in 2022 in Europe. As we can see,
Eastern Europe, the area of interest for this
study is mostly in the red, with the most
damage caused by drought. As of September
2023, 40.4% of Romanian lands are reported
as affected by long-lasting drought [12].
Projections of The JRC PESETA Il Project [6]
state that if we do not fight to limit climate
change, by 2100 crop yields will drop by at least
10%. In time, the estimated rise in global
temperatures and altered precipitation patterns will
reduce crop vyields and affect livestock
productivity, posing a threat to the global food
supply [11]. Water supply will also be
impacted, leading to water scarcity, affecting
irrigation and water availability for crops and
livestock
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Fig. 3. Drought-affected territories in Eastern Europe in
2022. In red — areas with the most damage.

Source: European Commission Drought Observatory
[12].

The phenomenon of climate change has the
capacity to engender food insecurity through a
range of mechanisms, including the
amplification of food costs, the reduction of
overall food production, the creation of water
scarcity for agricultural purposes, the
intensification of land competition, and the
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occurrence of sudden declines in agricultural
productivity as a consequence of extreme
weather events [18].

Social inequality and food security

FIES (Food Insecurity Experience Scale) as a
tool developed by FAO, offers great insight
into the extent of food insecurity and the
damage that it causes. According to the FAO
et al. study [21], there is a strong
interdependence between the aspect of food
insecurity and malnourishment, as measured
on the FIES scale. The intensity of this
relationship varies from country to country,
especially because the magnitude of the
malnourishment rate varies greatly as well.
While there are multiple studies on this
matter, [5] [26] [33], they provide limited but
compelling evidence that childhood wasting
(observed through a low weight-for-height
ratio) is closely attached to food insecurity.
Regarding adult obesity, there is persuasive
data, with moderate agreement, that food
insecurity resulting from poverty and
restricted access t