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Abstract

Smart agriculture has the potential for economic benefits through increased agricultural productivity, cost
efficiency and market opportunities through increased communication; and environmental benefits as this will in
turn, lead to greater food security, profitability and sustainability. This article presents the practices and challenges
to smart agriculture among commercial arable crop farmers in Southwest, Nigeria considering the forms of
digitalization in use, as well as the frequency of usage, period of usage, and challenges to the usage. We randomly
sampled 45 commercial arable crop farmers across the southwest states in Nigeria. We made use of Structured
questionnaire to extract needed information from the respondents. The data obtained were analysed with descriptive
statistics. Our findings showed that the forms of digitalization used by agricultural firms include mobile phone
(100%), cloud computing (56%), software (58%), remote sensing (40%), digital marketing (52%), and GIS (35%)
while the average period of usage of digitalization was 10years. Our findings also revealed that the main challenges
to the use of digitalization are high cost of procurement and installation (93%), low awareness of current state of
digitalization in agriculture (84%), limited technical knowhow (78%), poor power supply (67%), and high cost of
energy (62%). Although evidence at short-term revealed that smart agriculture has the potential of tackling key
development issues such as food insecurity, poor output, poverty, and unemployment; the study showed that there is
a need to enlighten agricultural firms of the benefits of smart agriculture, as well as plan and invest on
sustainability of digitalization in agriculture to harness its full benefits/potentials.

Key words: digitalization, practices, agricultural production growth, food security, sustainability

INTRODUCTION population in the face of the changing climate

and urbanization is a major challenge (Van

Agriculture is a crucial tool for promoting
growth and  sustainable  development,
eradicating poverty, and improving the food
security of the thronging populace in most
emerging countries (Trading Economics,
2018) [8]. Base on the findings of Food and
Agriculture Organization of the United
Nations FAO (2016), Sub-Saharan Africa
population could double by 2050, increasing
annual agricultural consumption by 2.8% until
2030, and by 2.0% from 2030 to 2050. This
rapid population growth and urbanization
imply that food production will grow more
slowly than demand resulting to food scarcity
and increased malnutrition.  Therefore,
sustaining food security of this teeming

Etten et al., 2019) [10]. In order to overcome
these challenges and ultimately attain food
security. There is need for technological
adoption to incentivize large scale farming in
urban areas, facilitate access to irrigation
systems, improving digital farming practices
and infrastructure; and implement favorable
policies to support digitalization of agriculture
for transformative adaptation to climate
change in farming (OECD-FAOQ, 2016) [4].
Digitalization could help farmers to optimize their
costs and achieve a greater profitability, to
increase production and profitability and farmers'
living standard [7].

Digital innovation in agriculture has a great
opportunity to eradicate poverty and hunger.
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It can also mitigate the effects of climate
change. Through digitalization, all parts of the
agri-food production chain will be modified,
since connectivity and the processing of
massive amounts of data quickly allows for
more efficient work, greater economic return,
greater environmental benefits, and better
working conditions in the field, this
development appears to hold great promise
for advancing farm productivity and
profitability in this primary sector (USAID,
2018) [9].

Although digital agriculture also referred to as
smart agriculture is being implemented in
advance world like North America, and Asia
but empirical evidence on the extent of it
usage in developing countries like Nigeria is
thin.

Nigerian agriculture needs digitalization for
better outcomes as affirmed Ferkun (2015),
[1], Okafor, 2022 [5].

The National Information  Technology
Development Agency with the help of
Nigeria's Federal Ministry of
Communications and Digital Economy has
launched the National Adopted Village for
Smart Agriculture Program which will help
130 farmers to build digital skills and
innovations across agriculture value chains
and this will create new jobs, increase
agricultural production, income and wealth of
every ecosystem player (Opali, 2020) [6].

Photo 1. Fei Adekoya - The Nigerian farmer
transforming agriculture with drone technology
Source: Ventures Africa (2022) [11].

Nigeria Digital Agriculture Strategy 2020-
2030 has the goal to adopt digital technologies
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in agriculture. A digital platform will be put at
the disposal of the beneficiaries in order to
enable them to communicate, exchange ideas,
efficient practices, find jobs, markets for
products delivery, to develop agri-business
(Nigeria Digital Agriculture Strategy 2020-
2030) [3].

Therefore, this study aimed to fill the gap by
assessing digital agricultural practices among
commercial arable crop farmers in Southwest,
Nigeria.

The specific objectives are to:

(1)describe the socio-economic characteristics
of the respondents;

(if)consider the forms of digitalization in use
among commercial arable crop farmers;
(iii)examine the frequency of usage and
period of usage of digitalization and;
(iv)highlight the challenges to the usage of
digitalization.

MATERIALS AND METHODS

Study Area, Source of Data and Sampling
Procedure

The study was conducted in Southwestern
states, Nigeria. Primary data used for the
study was obtained through structured
questionnaire. The population for the study
comprised all commercial arable crop farmers.
A three-stage sampling technique was used.
The first stage involved choosing at random
three of the six states in the area; the second
stage involved choosing at random three
ecological zones in each state; while the third
stage involved random selection of five
commercial arable crop farmers in each zones.
In all, a total of forty-five (45) commercial
arable crop farmers were used for the study.
Analytical Tools

The tool of analysis that was used was
descriptive statistics which include mean,
median, frequency and percentages.

RESULTS AND DISCUSSIONS

Socio-economic Characteristics of Farmers
Table 1 revealed that 68.7% of the
respondents are younger than 44 years old.
This shows that the majority of those who
own and manages agricultural firms are still in
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their middle years and employ some sort of
digitalization in their business. Younger
farmers typically absorb innovations more
quickly than elderly farmers since the latter
tend to stick to their traditional methods of
production and are frequently resistant to
change.

The data also showed that men made up
75.6% of the respondents while women made
up 24.4%. This demonstrates that men are
more prevalent in agriculture. The majority of
respondents had tertiary education, which
made it simple for them to incorporate digital
skills into their production activities (Kamilu
and Oyeyinka, 2011) [2].

tertiary education, which made it easy to
adopt digital skills in their production
activities.

Voh (2002) [12] reported that there is a
positive and significant relationship between
formal  education and adoption  of
technologies.

Table 1. Socio-economic  Characteristics  of
Respondents

Characteristics Frequency Percentage (%)
Age (Years)

<30 2 4.4

31-40 25 55.6

41 -50 13 28.9

51 -60 5 11.1

Sex

Male 34 75.6

Female 11 24.4
Education level

Secondary education 2 4.4

Tertiary education 43 95.6

Marital status

Single 4 8.8

Married 36 80.0
Divorced 3 6.7
Widowed 2 4.5

Total 45 100.0

Source: Field survey, 2020.

The result further revealed that about 80.0%,
8.8%, 6.7% and 4.5% of the farmers are
married, single, divorced and widowed
respectively. This indicates that most of the

people involved in agricultural activities in the
area are married.

Forms of digitalization adopted in farms
All the agricultural firms under study use
mobile telephone to deliver services to
farmers throughout Nigeria. They equally
partner with GSM operators for special tariffs
to enable them carry out their agricultural
production and  Consultancy  Services
efficiently.

Fifty-six percent (56%) of the agricultural
firms provide their products and services to
farmers through the cloud. This helps them to
instantly store and analyze farmers’ fields and
crop data efficiently by keeping all their
systems on the cloud. It ensures that services
can be offered over all devices that can be
connected to the Internet irrespective of the
location.

Fifty-eight percent (58%) of the firms employ
software like Matlab, Sas and E-views for
their big data analysis for efficient delivery of
services. Twelve percent (12%) of the
agricultural firms can interpret and make use
of measurements made from meteorological
stations for their planting activities. Such
climatic information includes information on
rainfall, temperature, relative humidity etc.
Eight percent (8%) use drones for their
herbicide and pesticide application. Twenty
five (25%) also make use of soil sensing
device for their planting activities.

While none of the agricultural firms under
study wuses robotic machines for their
agricultural enterprise (Figure 1).

Frequency of Usage Digitalization

Table 2 presents the frequency of usage of
digitalization by the firms under study.
Mobile Phone, GIS and Digital Marketing
were used very frequently by the firms;
Software and Cloud Computing were used
frequently; Drones, Remote sensing and Soil
Sensing were used occasionally; while
Robotic machines are not used by any of the
firms.
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Forms of Digitalization adopted by Agricultural Firms
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drone Robotic

Digital GIS
Marketing

Machine

Fig. 1. Forms of Digitalization used by Agricultural Firms

Source: Field survey, 2020.

Table 2. Frequency of usage digitalization (n = 45)

S/N List of VF F(%) O(®) R
ICTs (%) (%)

1 Drones 14.0 15.2 45.8 25.0
Software  23.4 62.5 9.0 5.1
Mobile 85.0 12.3 2.7 0.0
phone

4 Remote 4.5 10.5 52.8 32.2
sensing

5 GIS 72.6 11.4 10.0 6.0

6 Digital 65.8 235 7.5 3.2
Marketing

7 Cloud 12.2 58.6 15.2 14.0
computing

8 Soil 10.0 25.8 56.0 8.2
sensor

9 Robotic 0.0 0.0 0.0 0.0
machine

N.B:  Very Frequently (VF), Frequently (F),

Occasionally (0), Rarely (R)
Source: Field survey, 2020.

Period of Usage

Table 3 shows the period of usage of
digitalization by the agricultural firms. The
modal period of usage by the agricultural
firms is between 5-10years while the average
period of usage is 10.15years which shows the
use of digitalization is still in it early stage.

Table 3. Period of Usage of Digitalization

Challenges to Digital Agriculture in Nigeria
Table 4 shows the constraints facing digital
agriculture in Nigeria. The constraints
include: High Cost of procurement and
installation, Low awareness of current state of
digitalization  in  agriculture,  Limited
Technical Knowhow, Poor Power Supply,
High Cost of Energy, Inaccessibility to small
scale farmers and Fear of operational risk
associated with digital agriculture.

Table 4. Challenges to digital agriculture in Nigeria

Challenges Freq. Y%
Limited Technical 35 77.8
Knowhow

Poor Power Supply 30 66.7
High Cost of procurement 42 93.3
and installation

Inaccessibility to small scale 25 55.6
farmers

Low awareness of current 38 84.4
state of

digitalization in agriculture

Fear of operational risk 21 46.7
associated

with digital agriculture

High cost of energy (fuel) 28 62.2
N- Multiresponse

Years Frequency Percentage
<5 03 4.4

5-10 21 46.7

10-15 19 42.2

>15 03 6.7

Total 45 100.0

Source: Field survey, 2020.
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Source: Field survey, 2020.
CONCLUSIONS

The study concludes that smart agriculture has
the potential of tackling key development
issues such as food insecurity, poor output,
poverty, and unemployment. The study that
there is a need to enlighten agricultural firms
of the benefits of smart agriculture and
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adequate infrastructures should be put in place
to tackle the challenges to the usage of digital
agriculture.
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Abstract

The socioeconomic factors influencing livelihood diversification among rural farming households was explored in
this study. To choose 300 respondents for the study, a multistage sampling technique was used. A well-structured
questionnaire was used to collect data on rural farming household’s socio-economic characteristics, livelihood
activities engaged in by farming households. Descriptive statistics, Simpson Index of Diversification and Fractional
response model were used to examine the data. The result revealed that rural farming households were majorly
headed by males who were in their late middle ages, with large household size. The study also revealed that sex of
the household heads, marital status, household size, educational level, farm size, farming experience and amount of
credit obtained were significant socio-economic factors influencing livelihood diversification among rural farming
households. The study recommends that increased efforts should be made to make credit accessible to rural farming
households. This will encourage diversification into various livelihood activities, leading to increased productivity
and income.

Key words: livelihood diversification, rural farming households, Fractional Response model

INTRODUCTION storage facilities, lack of good processing
techniques, poor road networks [9]. In order
Innovation in rural areas involves both  to reduce their dependence on farming

livelihood diversification of the households
[12] and also the implementation of a new
concept regarding the development of the
local communities [14]. Rural farming
household’s main source of livelihood is
farming, which is subsistent in nature. They
cultivate on small expanse of farm land of less
than two-hectares in size [3, 6, 10]. Their

activities alone, rural farming households are
beginning to diversify their means of
livelihood. Livelihood diversification helps
rural households to make use of their idle
labour hours particularly in the slack period of
farming activities [1]. The income generated
through such activities are then used for
family sustenance in the case of economic

farming activities provide for the household
food and other basic needs while the meager
marketable surpluses are traded to earn
income [18]. Rural farming households gets
their income from farm income which is
equated as agricultural income and is not
sufficient to meet their basic needs. Rural
farming households do not get optimum
economic returns on their produce due to
various factors ranging from inadequate

challenges or invested in farm enterprises
among rural farming households [5].
Livelihood diversification which encompasses
economic activities associated with different
crop production, livestock husbandry, off-
farm and non-farm enterprises have been seen
as sources of succor by rural farming
households. They range from planting
different varieties of crops, raising of animals,
diversifying from low-value crops to high
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value crops and engagement in artisanal to
other off-farm activities [17, 21]. Income from
livelihood diversification is important to the
rural poor as farm income obtained by poorer
households is not enough to meet family
needs. Since smallholder farming activities
are seasonal in nature, farming households
take livelihood diversification as income
supplements as well as critical source of
liquidity for those who are credit constrained.
It also provides resources needed for
investment  in  advanced  agricultural
technologies that could lead to increased
agricultural productivity [4]. Livelihood
diversification also helps rural farming
households to absorb farm income shocks and
improve income distribution [24]. Several
studies [16, 22, 25] on livelihood
diversification have been conducted among
rural farming households, and has shown that
rural farming household diversify. Although,
literature  on  socio-economic  factors
influencing livelihood diversification among
rural farming households in Southwest,
Nigeria are still scanty. Also, the
participations of rural farming households in
various livelihood activities as well as the
contribution of off-farm livelihood activities
to total household is still small compared to
farm income. There is a need to identify the
socio-economic factors influencing livelihood
diversification. Consequently, the study
investigated the socio-economic factors
influencing livelihood diversification among
rural farming households in the study area.
Specifically, the study describes the
socioeconomic characteristics of rural farming
households in the study area; identifies the
livelihood sources among rural farming
households in the study area; determines the
level of diversification among rural farming
households in the study area; and determines
the  socio-economic  factors  affecting
livelihood diversification among rural farming
households in the study area.

MATERIALS AND METHODS
Study Area

The study was carried out in Southwest,
Nigeria, which comprises of six states (EKiti,
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Lagos, Osun, Oyo, Ondo and Ogun). The
study area in the North, shares boundaries
with Kogi and Kwara States, to the East with
Edo and Delta States, in the Western side by
the Republic of Benin and to the South by the
Gulf of Guinea. The zone has a total land area
of 77,818 km? and an estimated population of
38,257,260 [15]. The climate of southwest
Nigeria is tropical in nature and is
characterized by wet and dry seasons. The
temperature ranges between 21°C and 34°C
while the annual rainfall ranges between
1,500mm and 3,000mm. The climatic
condition encourages the cultivation of early
and/or late crops such as cassava, yam, millet,
rice, plantains, cocoa, palm produce, cashew
and maize. The major occupation of people in
this geopolitical zone include farming,
trading, hair dressing, carpentry, marketing as
well as food processing [17].

Sampling Procedure and Sample size
Multistage sampling technique was employed
for this study. The first stage involved random
selection of two States Oyo and Ondo out of
the six states in the southwest region of
Nigeria. Based on proportionate sampling,
four and two Local Government Areas
(LGAs) were randomly selected from Oyo
and Ondo States respectively. From each of
the resulting six LGAs, five villages were
further randomly selected at the third stage,
giving a total of thirty villages. The last stage
involved a random selection of ten farming
households from each village. In all a total of
three hundred farming household were
selected for the study. The sample size was a
proportion of the population at 5% level of
significance and 6% margin of error following
Cochran method of sample determination.
Method of Data Collection

Primary data were employed for this study.
Data were collected with the aid of well-
structured questionnaire. Data were collected
on rural farming household’s socio-economic
characteristics such as age, years of
experience, educational status, household size,
marital status, farm size of the household
heads, membership of cooperative societies,
access to credit. Data were collected on the
number of livelihood activities engaged in by
farming households.
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Analytical techniques

Descriptive statistics simpson index of
diversification, fractional response model
were used to analyse the data collected.
Descriptive Statistics

Descriptive statistics such as frequency tables,
percentages and means were used to describe
the socio-economic characteristics of rural
farming households and identify different
livelihood sources that exist in the study area.
Simpson Index of Diversification

The level of livelihood diversification was
determined using Simpson index of
diversification. Simpson index of
diversification was used because of its
computational simplicity, robustness and
wider applicability. It is specified as:

SID=1— ¥, Pi2

where:

SID= Simpson index (measure of livelihood
diversification)

n =total number of income sources

Pi= income proportion of ith income source.

Pi is specified as:
. _ mi
Pi=(—)

where:

mi = income from each activity

Mt: = household’s total income from all
activities.

Based on the values of SID, level of
livelihood diversification was specified as:

1. No diversification (SID <=0.01)

2. Diversification level is low, when (SID =
0.01-0.25)

3. Diversification is at medium level, when
(SID =0.26 - 0.50)

4. Diversification is at high level, when (SID
=0.51-0.75)

5. Diversification level is very high, when
(SID > 0.75)

Fractional response model

A fractional response model was employed to
evaluate socio-economic factors influencing
livelihood diversification (objective 4) in the
study area. This in line with [11] In the model,
livelihood diversification index is the

dependent variable. Fractional response model
is more suitable because the level of
livelihood diversification is a fraction variable
bounded between 0 and 1. And the fractional
variables are not censored.

The fractional response model is defined as:

E(Y/X)=G(Xp) ... 3)
The model is implicitly defined as:
E(SID/X)=Xb+¢& .ovvvririiinnnann, 4)

where:

SID = the dependent variable as defined
above,

X= matrix of independent variables

b = vector of parameters to be estimated

e = error term.

Fractional response model is used to estimate
the b vector of the model because the
dependent variable is a fraction which is
confined to zero and one.

The model was explicitly specified as:

E(SID/X) =E (Y) = Bo + B1 X1 + B2 Xz + Ba Xz + P
Xa + Bs Xs+ s Xe + P7 X7+ Pe Xg + Pg Xo+ P10X10

et e, (5)
Thus, the explanatory variables used in the
analysis are:

Y* = livelihood diversification index [as

derived from (4)]

Xi1=age (Years)

Xo=sex (Male = 1, Female =0)

Xs= marital status (1=Married, O=otherwise)
X4= level of education (years)
Xs=household size (number of persons)

Xe = Farming experience (years)

X7= membership of association (expressed as
a dummy; if yesl, if otherwise 0)

Xg= farm size (hectares)

Xo= extension visits (number)

Xi10 = credit (amount in naira)

e=Random error

RESULTS AND DISCUSSIONS

Socioeconomic Characteristics of the rural
households

Table 1 shows that majority (85.0%) of the
rural household were headed by males while
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15.0% were headed by females. This could be
because farming activities in rural areas are
mostly carried out by males who mostly have
title to land and are the breadwinners of most
homes, while the female counterpart were
involved in processing and marketing of
agricultural ~ products.  This  enhances
diversification of livelihood in the rural
setting to cater for the welfare of the
household. The age distribution of the
respondents revealed that majority of the
farmers (42.0%) were aged between 41-50
years with a mean age 51.3+8.14 years. This
implies that majority of the household heads
were in their late middle ages but still
productive to engage in agricultural
production and explore various livelihood
opportunities. The finding is in agreement
with that of [2] who stated that participants in
farming activities were energetic and
economically active to engage in farming and
other livelihood activities. The result further
revealed that majority (87.0%) of the
respondents were married, 63.3% of the
respondents had a household size that ranged
from 5-8 members, with an average household
size of 7.16+2.34 members. From the result,
the household size is fairly large suggesting
that there may be availability of family labour
for their occupations, but will incure high
family expenses hence households with large
members need to depend more on various
income generating activities to meet family
needs. This confirms the view that large
family size has better chance of livelihood
diversification than households with small
size [8, 23].

The level of education among the respondents
was fairly low as nearly 63.4% of the
respondents had less than secondary
education, 9.0% completed tertiary education
while 27.7% had no formal education. The
low level of education among rural farming
households head, might have serious
implications on their earning capacity as they
may lack skills to secure well-paid jobs,
thereby affecting the poverty status of the
respondents. This assertion is in line with the
findings of [23], who stated that low literacy
level among farming households will make it
difficult for farming households to adopt
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modern improved techniques on how to
increase their income.

While Majority of the respondents (82.7%)
engaged in farming as their primary
occupation, the remaining 17.3% were into
farming as secondary occupation as they
engaged in other livelihood activities like
artisans, trading, civil service. This shows that
farming is the predominant source of income
among rural households. This is in line with
the findings of [20] who posited that farming
is the main occupation among farming
households in rural areas. The result revealed
that 75.7% had between one and five hectares
of farm land while 16.8% of the households
had more than six hectares of farm land. The
mean farm size owned was 3.2942.99.
Although the mean farm size is small. This
shows that rural farming households practice
farming on a small scale, which affect their
income, thereby leading to households
diversifying into other sources of income to
cater for family needs. From the result, about
59.7% of the respondents were members of
farmer’s associations or cooperative societies
while 40.3% of the respondents were not. The
result showed that more than two-third
(79.0%) of the respondents had no access to
credit, while only 21.0% had access to credit.
This implies that there was limited access to
credit among the respondents which may
reduce the opportunities of diversifying into
various livelihood opportunities. The result
also revealed that majority (32.3%) of the
respondents have never been visited by any
extension agent while 32.0 % of the
respondents were visited twice. Thus, rural
farming households would have limited
relevant information on farm business to
increase their output and hence their income.
This confirms the view that majority of the
households had no access to innovations that
would increase their agricultural output in
order to increase their income [23]. The result
also showed that majority (31.3%) of the
household earned between  N500,000-
N749,999 while 24.3% of the households
earned income  between N250,000 -
N499,999. The mean household annual
income of  the respondents was
N58,0145+N40,1142.1.
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Table 1. Socio-economic characteristics of respondents Number of
Characteristics Frequency Percentage Extension agents
Gender visit within a
Male 255 85.0 year
Female 45 15.0 No visitation 106 35.3
Total 300 100.0 Once 17 5.7
Age (Years) Twice 96 32.0
<30.0 3 1.0 More than twice 81 27.0
31-40.0 34 11.3 Total 300 100
41-50.0 126 42.0 Household
51-60.0 106 35.3 Annual Income
61.70.0 27 9.0 (9]
>70.0 4 1.3 <N250,000 54 18.0
Total 300 100.0 N250,000 -
Marital status N499,999 73 24.4
Single N500,000 -
Married 4 6.7 N749,999 94 31.3
Divorced 261 87.8 N750,000 -
Widowed 15 1.1 N999,999 64 21.3
Total 20 2.8 >N1,000,000 15 5.0
300 100 Total 300 100

Level of Source: Field Survey, 2021.
education
(years) s s .
No formal 83 977 {;wehl}:o:); .solll:'cest zmong rural farming
education (.)llS? 0ol1ds 1n tne stu ygrea
Adult education 2 0.7 Livelihood sources available among rural
Primary school 97 32.3 farming households is presented in Table 2.
Secondary school 91 30.3 The table shows household participation in
Tertiary school 27 9 different livelihood sources as well as the
Total 300 100 .
Mai - share of income from these sources.
ain occupation . . N B B _
Farming 248 82 Ho_usg_hold participation in dlfferer!t !I\{e|lh00d
Trading 22 8.0 activities was calculated by dividing the
Artisan 18 6.0 number of respondents that engaged in a
%‘)‘;{'ﬂ'lse“’a”t 31020 f(-)% particular livelihood activity by the total
Houschold size number of respondents and then multiply by
1-4 8 93 100. The income share among rural farming
5-8 134 44.7 household was calculated, by dividing the
9-12 121 40.3 total income generated from all the
T2t1|3 31070 18670 respondents that participated in a particular
ol . : livelihood activity by the total income of all
parm s h led dents, and then multiply b
(Hectares) the sampled respondents, and then multiply by
<1.0 22 7.30 100. The result showed that all the farming
1.1-5.0 227 75.7 households (100%) derived income from
5.1-10.0 46 153 farming activities which accounted for 26.0%
;é?é? 380 11'58 of the total income. Other livelihood activities
Membership _of identified among rural farming households in
cooperative/ the study area are agricultural labour, hunting,
association grinding, food vending, food processing,
Yes 179 59.7 trading, artisans  (Tailors, hairdressers,
1’\_'(()’ta| égé ‘;%'g’ welders, mechanics, carpenters, electricians,
Access to formal brlcklayers_), civil se_rvant, private workers and
Credit transportation  business. 35.0% of the
Yes 63 21.0 respondent participated in trading with total
No 237 79.0 income share of 6.9%, 27.7% of the
Total 300 100 respondent participated in artisanship with
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total income share of 5.9%, 6.3% of the
respondents engaged in transportation as a
means of livelihood with a total income share
of 9.0%, 5.0% of the respondents were civil
servant with a total income share of 15.6%,
while about 1.3% of the respondents engaged
in the processing of agricultural produce with
a total income share of 3.6%.

Table 2. Livelihood sources among rural farming
households

Livelihood Frequency | Participation Share
activities (%) of
income
(%)
Farming 300 100 26.0
Agricultural 10 3.3 55
Labour (wage)
Hunting 9 3.0 6.1
Trading 107 35.7 6.9
Grinding 6 2.0 5.3
Food Vending 11 3.7 6.8
Agricultural 4 13 3.6
Processing
Artisan 83 27.7 5.9
Civil servant 15 5.0 15.6
Private workers 5 1.7 9.3
Transportation 19 6.3 9.0
business
Total 569 189.7 100

Source: Field Survey, 2021.
*Multiple response due to multiple jobs by some of the
respondents

This implies that aside farming, majority of
the farming households engage in off-farm
and non-farm activities to increase their
earnings. This is in line with the findings of
[23] who found out that farming households
engage in farming and other non-farming
activities such as agricultural trading, forest
production, agricultural processing, artisans,
construction  works and transportation
business.

Level of livelihood diversification

Table 3 shows the level of diversification
among rural farming household, livelihood
diversification was determined using Simpson
Index of Diversification (SID). The result
revealed that 10.3% of the households did not
diversify, 8.0% of the households have poor
diversification level while 50.0% of the
households diversified at a medium level of
diversification. Although on the contrary
31.7% of them diversified their income
sources at a high level. Consequently, the
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overall mean value of Simpson diversification
is 0.4, which indicates a medium level of
diversification across all farming households
in the study area.

Table 3. Distribution of household per level of
livelihood diversification

Simpson | Frequency | (%) Level of

index diversification

range

<=0.01 31 10.3 No
Diversification

0.02-0.25 24 8.0 Low

0.26-0.50 | 150 50.0 Medium

0.51-0.75 | 95 3.7 High

Total 300 100.0

Mean 041

Stand. 0.19

Deviation

Minimum | 0.00

Maximum | 0.75

Source: Field survey, 2021.

Socio-economic factors influencing

livelihood diversification among rural

farming households

Fractional response model was used to
determine  the  socioeconomic  factors
influencing livelihood diversification as

presented in Table 4. Firstly, in the estimated
model, the variance inflation factor (VIF) of
the variables were computed to check the
presence or absence of multicollinearity. The
result indicated that none of the variables had
a VIF value up to 10. The general thumb rule
state that the VIFs exceeding 10 are signs of
serious  multicollinearity  which  require
corrections. The mean VIF values of all
explanatory variables was 2.27 which is less
than 10, indicating that multicollinearity was
not a problem. The socioeconomic factors
influencing livelihood diversification of
respondents is shown by the results of the
Fractional response model as presented in
Table 3. The value of wald chi-square which
was statistically significant at 10% with log
pseudo-likelihood of -202.1181 confirmed the
goodness of fit of the model. The result shows
that seven of the explanatory variables, age of
respondents (X1), sex of respondents (Xy),
household size (Xs), farming experience (Xe),
membership of association (X7), farm size
(Xg) and extension visit (Xg) were positively
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related to level of diversification. The other
three  variables: marital status  (X3),
educational level (X4) and amount of credit
(X10) were negatively related to level of
diversification. The result shows that five out
of the ten explanatory variables were
statistically significant at acceptable levels. In
other words, sex of the household heads (X1),
education of the household heads (Xa),
household size (Xs), farm size (Xs), and credit
amount (Xi0) were the significant socio-
economic factors which influenced livelihood
diversification ~ among  rural  farming
households in the study area.

The coefficient of the sex of household head
was positive and significantly influenced
livelihood diversification at 10% probability
level. As shown, a unit increase in male
headed households increases the chance of
livelihood diversification by 5.33%. This is in
conformity with a priori expectation, because
male headed households are the breadwinners

of most homes and have more responsibilities
to fulfil than their female counterpart which
influences livelihood diversification. This is
in line with the findings of [21] indicating that
male headed households engage in more
income generating activities than their female
counterpart. The coefficient of household size
was positive and significant at 5%. As shown,
a unit increase in the member of a household
would increase the level of livelihood
diversification by 1.03%. This is in line with a
priori expectation because households with
large household sizes will be influenced to
access various income earning opportunities
to meet household needs and thereby reduce
household poverty. The result agrees with the
findings of [13] who reported that household
size had a positive impact on livelihood
diversification because the availability of
more labour power among farming household
members encouraged them to participate in
various livelihood activities.

Table 4. Fractional response model of Socio-economic factors influencing livelihood diversification

Variables Coefficient P-value Marginal effects VIF
Age 0.0039 0.409 0.0015 2.33
(0.0048)
Sex 0.1369 0.146* 0.0533 2.22
(0.09)
Marital status -0.0851 0.206 0.0301 2.29
(0.07)
Education -0.0101 0.071* -0.0039 1.19
(0.0056)
Household size 0.0266 0.036** 0.0103 1.29
(0.013)
Farming experience 0.0066 0.331 0.00254 2.40
Membership of an association 0.0591 0.347 0.0226 1.15
(0.0062)
Farm size 0.0831 0.025** 0.0151 4.28
(0.04)
Extension visit 0.0027 0.868 0.0062 1.22
(0.02)
Credit amount -5.99e-07 0.065** 1.31e -07 4.35
(3.25e-07)
Constant -0.5129 0.026** 0.0301 2.27
(0.23)
/sigma 282.3231
Number of observation 300
Log pseudo-likelihood -202.1181
Wald chi (10) 16.90
Prob> chi 2 0.0765

Source: Data Analysis, 2021.

** Significant at 5% *Significant at 10%
* Standard error in parenthesis ()
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Also, the coefficient of farm size was
positively significant at 5%. The result
implies that, a unit increase in the number of
hectares of farm land cultivated by farming
households would increase the level of
livelihood diversification by 1.51%. This
could be because they can either process the
resulting increase in farm products or they
will earn higher income, which they can
subsequently invest in other enterprises. On
the other hand, coefficient of years of formal
education of the household head had negative
sign and was statistically significant at 10%.
The result of the marginal analysis implies
that a unit increase in the number of years of
formal education of household heads would
decrease the need to diversify into other
livelihood activities by 0.39%. The probable
reason is that education provides necessary
skills and abilities to get a permanent job
which leaves them with less idle time and then
leads an individual to get income from one
source. The result is in conformity with the
findings of [7], that educated persons get
income from a single source. Also, amount of
credit received by farming household was
found to be statistically significant at 5% and
negatively influence livelihood
diversification. As shown, a unit increase in
the amount of credit received by farming
households decreases the level of livelihood
diversification by 1.31e-05. This implies that
households who have access to credit are less
likely to diversify into other means of
livelihood activities. Probable reason for this
is that amount of credit obtained might be too
little to diversify to other livelihood activities,
however, this is contrary to a priori
expectation. The result is also contrary to [7]
which found out that the amount of credit
obtained  significantly and  positively
influenced livelihood diversification because
credit helps the household to invest in both
farm and non-farm activities.

CONCLUSIONS
The study investigated the socioeconomic
factors influencing livelihood diversification.

The study concluded that farming is the main
livelihood activities that rural farming
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households engages in. Sex, household size,
educational level, farm size and amount of
credit obtained were significant
socioeconomic factors influencing livelihood
diversification ~ among  rural  farming
households in the study area Therefore, the
study recommended that farming households
should be encouraged to increase their
production, by exposing them to improved
farming techniques that can aid increase
productivity by the extension agent, also
increased efforts should be made to make
credit accessible to rural farmers. This will
encourage  diversification into  various
livelihood activities, which will lead to
increased productivity and income.
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Abstract

The study analyzed the variation of protein content in maize grains under the influence of mineral fertilization. The
experiment was organised at the Agricultural Research and Development Station Lovrin, Timis County, Romania.
The study was carried out under the conditions of the 2019-2020 agricultural years, on a chernozem type soil with
medium fertility. The corn hybrid DEKALB 4541, non-irrigated culture system, was cultivated. Fertilization was
done with nitrogen (ammonium nitrate, doses between 0-200 kg ha® N, active substance) and phosphorus
(concentrated superphosphate, doses between 0-160 kg ha™* P,Os, active substances). The combination of the two
fertilizers resulted in 25 fertilization variants (VO — control, to V25). The protein content (Pro, %) recorded values
between 5.5+0.62% and 9.5+0.73%. The variation of the protein content under the influence of N, on each level of
P, was described by polynomial equations of the 2nd degree, under statistical safety conditions (R?=0.854 to
R?=0.975). The regression analysis facilitated the description of the protein content variation (Pro, %) in relation to
N and P as a direct action and interaction, and the generation of 3D graphic models and in the form of isoquants,
under statistical safety conditions. The cluster analysis facilitated the grouping of the variants based on the
Euclidean distances, in relation to the similarity for the protein content values generated, in conditions of statistical
safety condition (Coph. corr. =0.872).

Key words: 3D model, cluster analysis, maize, mineral fertilizers, protein content, regression analysis

INTRODUCTION between genotype and environmental
conditions [1, 11, 19, 31].
The improvement of the protein content in

corn has been addressed both

The consumption demand for vegetable

protein resources in the human diet is high
and will continue to grow in the coming
decades, a number of factors being considered
important in this regard [15]. Comparative
analyzes  highlighted  the  differences,
advantages and benefits of the two categories
of protein sources, vegetable and animal, in
human nutrition [8, 28].

Studies of protein content from different
sources have evaluated functional and
nutritional properties for the human or animal
body [33].

Maize is a cereal plant of high importance in
the world, and the production of grains
represents an important source of protein for
human consumption, animal consumption,
industrialization [13, 25, 38].

The quality of corn production, and especially
in terms of protein content, depends on the
cultivated genotype but also on the interaction

through
breeding programs [21, 34], and through
culture technologies [2, 18].

The protein content, as an important quality
index of agricultural production, has been

studied in field crops in relation to
productivity  elements, and  different
guantitative and qualitative  production

elements and indices [16].

Maize is a plant with high ecological
plasticity, and it is cultivated on extensive
areas in the world and responds differently to
the various pedoclimatic conditions [27, 30,
35].

Maize culture, production and quality indices
were studied in relation to soil conditions [12,
26], climatic conditions [7, 20], irrigation
conditions [9, 12, 24], fertilizers [5, 6, 10],
stress factors [23, 36], and other influencing
conditions.
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The present study evaluated the influence of
mineral fertilization with nitrogen (N) and
phosphorus (P) on the protein content in corn
grains, and found models to describing the
variation of the protein content in relation to
N and P, respectively calculated the optimal
doses for fertilizers in relation to the protein
content.

MATERIALS AND METHODS

The study was organised within SCDA
Lovrin, Timis County, Romania. The location
of the experimental field was made on a
chernozem type soil with medium fertility,
and the maize crop was in a non-irrigated
system. The 2019 — 2020 agricultural years
was taken into account. By fertilizing,
nitrogen and phosphorus fertilizers were
applied differently. Phosphorus fertilizers
(concentrated superphosphate, 47% P20Os)
were applied in doses between 0 - 160 kg
P,Os hal active substance (as.). The
phosphorus fertilizers were applied in the fall,
and incorporated into the soil with the basic
soil works. On each phosphorus level,
nitrogen fertilizers (ammonium nitrate, 33.5%
N) were applied in doses between 0 - 200 kg
N ha! active substance. Nitrogen was applied
twice, in the spring. The combination of the
two factors (N and P) resulted in 25
experimental variants, in four repetitions. The
size of a plot was 36 m2 The corn hybrid
DEKALB 4541 was cultivated in a non-
irrigated system. At physiological maturity,
production samples were collected for each
experimental variant and repetition. The
protein content was determined by NIR
photometry, PERTEN INFRAMATIC 9200
apparatus. For the analysis and interpretation
of the experimental data, the standard error
(SE) was calculated, and the analysis of
variance, regression analysis and cluster
analysis were used [14, 37].

RESULTS AND DISCUSSIONS

Under the influence of the fertilization
options, maize crop, the DEKALB 4541
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hybrid, made different use of the nutritional
conditions provided, and the qualitative level
of grain production, in terms of protein
content (Pro, %), recorded different values.
Protein content values were recorded between
5.93+0.23% in the case of the V11 variant and
8.75+0.23% in the case of the V20 variant.
The values of the protein content obtained
under the experimental conditions are
presented in Table 1, where the values for the
standard error (SE) were calculated, in the
case of each variant. The graphic distribution
of the protein content variation in relation to
the fertilization variants is shown in figure 1.

Table 1. Values of protein content in corn grains, the
DEKALB 4541 hybrid, under the influence of mineral
fertilization

Protein content (Pro)
Experimental N P and
variants Standard Error (SE)
(kg a.s. ha?) | (kg a.s. hat) (%)
V1 0 0 6.18+0.22
V2 50 0 7.30+0.63
V3 100 0 7.55+0.46
V4 150 0 7.984+0.29
V5 200 0 7.98+0.27
V6 0 40 6.15+0.15
V7 50 40 6.9340.60
V8 100 40 7.2840.27
V9 150 40 8.03+0.31
V10 200 40 8.05+£0.30
V11 0 80 5.93+0.23
V12 50 80 7.48+0.49
V13 100 80 7.58+0.14
V14 150 80 8.50+0.29
V15 200 80 8.03+0.22
V16 0 120 6.18+0.19
V17 50 120 6.33+0.16
V18 100 120 7.734+0.14
V19 150 120 8.28+0.21
V20 200 120 8.75+0.23
V21 0 160 6.23+0.24
V22 50 160 7.68+0.73
V23 100 160 7.48+0.46
V24 150 160 7.98+0.33
V25 200 160 8.30+0.25

Source: original data recorded from the experiment.




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

Vol. 22, Issue 4, 2022
PRINT ISSN 2284-7995, E-ISSN 2285-3952

V25 9.00

V24

V22

V2l

V20

V19

V18

V15

Vi4

V2
V3

Vs

V12
Vi3

Fig. 1. The graphic distribution of the protein content (Pro, %) in corn grains in relation to mineral fertilization

Source: original graph based on experimental data.

The variation of the protein content in relation
to the doses of nitrogen (N) on each level of
phosphorus (P) was described by polynomial
equations, under conditions of statistical
safety; equation (1) described the protein
variation in relation to N on the PO
fertilization level, under conditions of
R?=0.973, p=0.0267, F=36.355; equation (2)
described the protein variation in relation to N
on the P40 fertilization level, under conditions
of R?=0.975, p=0.025, F=38.989; equation (3)
described the protein variation in relation to N
on the P80 fertilization level, under conditions
of R?=0.924, p=0.0765, F=12.071; equation
(4) described the protein variation in relation
to N on the P120 fertilization level, under
conditions of R?=0.945, p=0.053, F=17.076;
equation (5) described the protein variation in
relation to N on the P160 fertilization level

under conditions of R?=0.854, p=0.145,
F=5.8751.

Pro e = ~5.886E —05x* +0.02033x +6.248 (1)

Proypap = —3.2E —05X* +0.0162 X + 6.148 e
Proy pao) = —9.2E — 05x” +0.02884 X + 6 ©)

Pr0 yyp120 = —BE — 062 +0.01538 X + 6.006 )

PrOypig0 = —4457E —05x% +0.01779 x + 6.423  (5)

where: x — nitrogen doses, kg a.s. ha.

The regression analysis led to obtaining the
equation (6) which described the variation of
the protein content in the corn grains, in
relation to N and P, as a direct and interaction
effect, under statistical safety conditions,
R?=0.941, p<0.001, F=63.4889. The graphic
representation of the protein content variation
in corn grains, under the experimental
conditions, is represented in the form of a 3D
model in Figure 2, and in the form of
isoquants in Figure 3. Based on the values of
the coefficients of equation (6), the optimal
values for N and P were calculated in relation
to the protein content (Pro, %), and
Xopt=151.20 kg hal (N), respectively
yopt=83.13 kg hal (P) were found in the
experimental conditions. For high calculation
accuracy, the values of the coefficients of
equation (6) had values up to 16 decimal
places.
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The increase in protein content in relation to

Pro = ax® + by® +cx + dy +exy + f (6) the level of nitrogen was calculated for each
level of phosphorus, and the results are
where: Pro — protein content (%); presented in Figure 4.

X — nitrogen dozes (N, kg hal);

y — phosphorus doses (P, kg ha®);

a, b, c, d, e, f— coefficients of the equation (6);
a=-0.00019579;

b=-0.00022802;

¢=0.07985390;

d=0.07546559;

e=-0.00024838;

f=0

=2000  -1000 0 1ogo 2000
x
Fig. 3. Graphical representation in the form of
isoquants of the variation of protein (Pro) in corn grains
in relation to the doses of nitrogen N (x-axis) and
phosphorus P (y-axis)
Source: original graph based on experimental data

Fig. 2. 3D model of protein variation (Pro) in com ~ On the PO level, nitrogen generated an
grains in relation to the doses of nitrogen N (x-axis) increase in the protein content between 1.13 -

and phosphorus P (y-axis) _ 1.80%, associated with nitrogen doses
Source: original graph based on experimental data between 50 - 200 kg hal

=0

m 50
m100
m150
=200

Protein increase (%o)

PO P40 P80 P120 P160

Phosphorus doses (kg ha'!)

Fig. 4. The increase in protein content generated by N on each level of P, the maize DEKALB 4541 hybrid
Source: Original graph, based on calculated data.

On the P40 level, nitrogen generated an (50 - 200 kg ha't).
increase in the protein content between 0.77 -  On the P80 level, nitrogen applied in doses
1.90%, in relation to the doses of N applied  between 50 - 200 kg ha™ generated increases
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in the protein content between 1.55 - 2.58 %.
On the P120 level, the increase in protein
content generated by nitrogen, in the
administered doses, was between 0.15 -
2.58%.

On the P160 level, the increase in protein
content determined by nitrogen, in the
administered doses, was between 1.25 -
2.08%.

High values of the protein increase, obtained
by calculations on the experimental variants,
(Pro=2.58%) were recorded in the conditions
of P80 and N150, but also in the conditions of

V13
V12

M O N
N o N N ©
> > > > >

V20
V4

~ o™
> >

T

0.0q

0.4+

0.6+

Sg g

P120, N200, Figure 4. In the version of
fertilization with N200 on the level of P120,
the costs are already higher with the related
doses of fertilizers, so that, in terms of protein
content, lower doses of fertilization, with
similar results, are justified.

The cluster analysis facilitated obtaining the
diagram represented in Figure 5, under
conditions of statistical safety (Coph.
corr=0.872). The association of variants based
on Euclidean distances led to the formation of
two distinct clusters (C1 and C2) with several
sub-clusters within each.

V24
V15
V10
V14

o 0
— NN O
> > >

V17
V11

o
>

V5

0.8+

Distance
-
?

1.2

1.4+

1.8+

2.0-

Fig. 5. Cluster diagram of variants grouping based on Euclidean distances in relation to protein content in corn

grains, the DEKALB 4541 hybrid
Source: original figure based on experimental data.

Cluster C1 included variants with low protein
content (V1, V6, V11, V16, V17 and V21).
Within the C1 cluster, a high level of
similarity was found in relation to ensuring
the protein content between the V1 and V16
variants.

Cluster C2 includes variants grouped in two
distinct sub-clusters (C2-A and C2-B), each
with several sub-clusters.

Sub-cluster C2-A includes variants with high
protein content (V4, V5, V9, V10, V14, V15,
V19, V20, V24 and V25). Within this sub-
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cluster, a high level of similarity was found in
the case of variants V4, V5, V24 and
respectively in the case of variants V9 and
V15. The V20 variant with the highest protein
content was positioned independently within
the C2-A sub-cluster.

The sub-cluster C2-B includes the variants
(V2, V3, V7, V8, V12, V13, V18, V22 and
V23), with intermediate values of the protein
content. Within this sub-cluster, a high level
of similarity was found between the V12 and
V13 variants.

The variation of the quality indices, including
the protein content in the corn kernels, was
analyzed and evaluated in relation to N as a
single fertilization, but especially N associated
with macro and microelements.

Different techniques, methods and models
have been used to describe and predict the
variation in production, some quality indices
and economic elements in corn crop, in
relation to mineral fertilization or technology
factors [4, 22, 29].

Cabaroiu et al., (2019) [6] communicated the
variation of quality indices in corn grains
under the influence of nitrogen (as mineral
fertilization on the soil) associated with
different doses of silicon (Si) applied foliarly,
and highlighted the increase in N efficiency
associated with Si, under statistical safety
conditions.

The management of fertilizers (especially N)
related to corn hybrids was evaluated in order
to improve the protein content of corn grains
[39], and the importance of fertilization in
accordance with the ability of the hybrid to
capitalize on fertilizing resources was
highlighted.

The significant variation of protein content in
corn, along with other gualitative indices, as a
genotype x fertilization interaction, was
communicated by Illés et al. (2020) [17],
based on the use of different statistical
analysis methods.

Shynkaruk and Lykhochvor (2021) [32]
reported the maximum protein content
(11.10%) in corn under the influence of
N160P80K140, while for other quality indices
(starch 74.20%, fat 4.33%), high values were
recorded at lower fertilization rates
(N80P40K60) under the experimental
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conditions.

Based on a study on quality indices in three
maize hybrids (FAO middle group) under the
influence of mineral fertilization, Bojtor et al
(2022) [3] found that the maximum value for
protein content was recorded at 120 kg N ha,
and higher nitrogen values did not lead to an
increase in protein content under the study
conditions.

Under the conditions of the present study, the
applied mineral fertilization, with N and P
mineral elements, generated a range of protein
content values, as an interaction [genotype x
fertilization].

The recorded values, associated with the
fertilization variants that generated the
nutritional status of the plants and the afferent
protein content, grouped in the dendrogram
based on the Euclidean distances, constitute
an indicative basis for the selection of the
different fertilization variants to obtain
comparable results, in relation with the
technology adopted for grain corn crop.

CONCLUSIONS

Under the study conditions, NP mineral
fertilization of the corn crop, the DEKALB
4541 hybrid, led to a set of protein content
values, as an effect of the genotype x
fertilization interaction, and which can
constitute a reference base for research and
agricultural practice.

The way of analyzing the experimental data
facilitated the grouping of the variants into
clusters (fertilization variant groups), with
practical importance in the choice of
fertilization variants in relation to the budget
allocated to the corn cultivation technology,
respectively in relation to the production
destination and the protein level expected.
The regression analysis facilitated the
obtaining of mathematical and graphical
models in the form of 3D and isoquants, to
describe the variation of the protein content
(Pro) in relation to the two nutrition factors N
and P, under conditions of statistical safety.
The calculated optimal doses (Xopt=151.20 kg
ha® N, respectively yop=83.13 kg ha? P)
facilitate  practical recommendations to
optimize the fertilization of the corn crop in
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relation to the expected protein content.
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Abstract

The study examined the contributions of sub-units of the crop subsector to the economic development of Nigeria
(approximated by the per capita GDP (PCI)) from 1962 to 2020. The Autoregressive Distributed Lag Model
(ARDL) was used to establish the existence of the cointegration among the specified series. The findings revealed
that, the sub-components of the crop sub-sector co-integrate with the per capita GDP in the long run. The empirical
results further revealed that in the short run, sugar-based crops gross production, vegetable, and fruit gross
production have a significant relationship with the PCI in Nigeria; whereas the cereal gross production, oil-based
crop gross production, sugar crop gross production, and vegetable and fruit gross production were long run
significant determinants. The findings call for appropriate short and long-term economic policy packages that
should stimulate investment opportunities in the crop sub-sector to increase the sub-sector’s productivity for greater

economic development stimulation.

Key words: agriculture, crop sub-sector, economic development, Nigeria

INTRODUCTION

Despite the wavering opinions of various
schools of thought [28, 19] regarding the
contributions of the agricultural sector either
in the short or long run periods to the
development of the African economy; the
sector is noted to play important roles in the
economic development of the majority of
African countries [46, 21, 34, 2, 4, 32].
Though in Africa, the sector is clouded by
emerging challenges (such as the vast global
technological changes, conflicts, climate
change, extreme poverty, corrupt governance,
natural disaster, the changing pattern of
consumption, dynamic international trade
policies, etc.) that have seriously impacted on
many of the fundamentals that have supported
the sector over the past decades; it is still a
major livelihood source to majority of
resource-poor vulnerable populations in the
region [35, 27, 1, 8, 20]. In Sub-Saharan
Africa, the sector is largely dominated by
small-scale farmers who utilized obsolete
tools in fragmented land space and harbour
about 60 - 70% of the region’s labour force
[17, 39, 3].

In Nigeria, despite the enormous challenges
hovering over the agricultural sector, the
literature has persistently documented the
positive roles the sector has played in terms of
its contribution to the country’s GDP, food
security, employment generation,and
stimulation of primary product exports [7, 11,
14, 15]. The sector is also known to attract a
considerable volume of imports, thereby
constituting a catalyst for international trade
[6]. Being a traditional sector, it is mostly
considered a reliable source of raw materials
for industrialization through its backward
linkages.

Traditionally, the agricultural sector consists
of further subsectors or components that are
interrelated in  function and resource
utilization. For instance, in Nigeria, there are
four major subunits of the agricultural sector.
These are the crop, forestry, livestock, and
fishery sub-units [23, 18]. Among the
subunits, the crop subunit appears to be the
most prominent and significant in terms of its
contribution to the total value product of the
agricultural sector in Nigeria [18]. As noted
by Urama and Nfor, [45] and supported by the
data shown in Table 1, the crop subunit has
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been the major driver of the agricultural sector
and significantly impacted the economy GDP
in Nigeria by contributing an average of about
84.23% and 19.74% of the total agricultural
GDP component and the economy GDP
respectively from 1981 to 2019.

Table 1. Contributions of crop sub-sector to the
agricultural and total GDP in Nigeria

Average % Average %
contribution of | contribution of Crop
Crop sub- sub-sector GDP in
Year sector GDP in total GDP
Agric. GDP
1981 — 1985 71.812 10.756
1986 — 1990 79.685 16.516
1991 — 1995 83.944 19.651
1996 — 2000 84.521 22.955
2001 — 2005 88.967 27.203
2006 — 2010 89.530 22.932
2011 — 2015 88.316 18.804
2016 — 2019 88.236 18.933
Overall 84.277 19.739
Average

Source: Computed by the author data from the Central Bank
of Nigeria, 2021 [18].

The dominant roles of the crop subunit in the
total value of the agricultural sector in Nigeria
are traceable to various factors including;
availability of farm resources, cultural values
and demand preference among others [5, 16].
The diet composition of the majority of
Nigerians is majorly dependent on crop
composition due to its affordability,
availability, and perceived utility that is often
traditionally linked [36].

Additionally, the crop sub-units have enjoyed
the patronage of the federal, state, and local
government authorities in terms of policy
formulation and implementation [4]. For
instance, the agricultural policies and
programmes landscape of Nigeria is highly
skewed in favour of the crop subunit
compared to other sub-sectors [7, 40, 30].
The response of the crop sub-sector vis-a-vis
the agricultural policy environment over the
years had produced some mixed outcomes
[7,41,6, 44, 1]. The individual crop response
to the policy environment is mostly measured
and replicated in the growth rate of the
outputs within the policy period.

Table 2 shows the average annual growth
rates of selected crops Vvis-a-vis the
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agricultural policy environment from 1961 to
2019 in Nigeria. It is obvious that; the
responses did not assume a similar pattern
across the policy periods. There is a
conspicuous difference in magnitude and sign
of the growth rates of crops across the
specified policy periods. Each crop
component showed a unique pattern of
response as measured by the growth rate
across the specified policy periods. For
instance, cassava experienced positive growth
rates throughout the specific policy era,
whereas yam witnessed a deteriorating growth
rate in the period 1972 to 1981. From the
evidence given in Table 2, it is deduced that
within the crop-sub sector; some categories of
crops played more significant roles than
others in propelling the aggregate agricultural
GDP component and the entire economy GDP
alike. This issue of crop sub-sector
components’ contribution to the economic
growth of Nigeria has often bred bias in the
choice of policy intervention by policymakers
but the matter is rarely examined empirically.
Hence, empirically identifying the extent of
the contributions of the sub-components of
the crop sub-sector to the economic
development of Nigeria would amount to an
increase in the potency of the sub-sector and
probably prioritise policy direction in the
subsector. Thus buttressed on this assertion,
the study was designed to isolate the roles of
the various categories of the crop sub-sector
in driving the economic development of
Nigeria. The importance of the study is based
on the fact that; the country needs more
specific and proactive policy action to fast-
track the anticipated agricultural development.
Again, there is an overwhelming need to
reassess the areas of comparative advantage in
crop enterprises; the disaggregated
performance of the crop sub-sector in addition
to appraising the efficacy of the institutional
and technological resilience of the crop
subsector in the country.

MATERIALS AND METHODS
Study Area

The study was conducted in Nigeria. The
country is situated on the Gulf of Guinea in
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sub-Saharan Africa. It lies between 4° and 14°
north of the equator and between longitude
3%nd 15° east of the Greenwich. The country
has wet and dry seasons that support varieties
of vegetation and thus agricultural production.
The country’s agricultural sector produces

different types of crops and animals and has
contributed significantly to the overall
economic development of the country. The
agricultural sector is the largest employer of
labour but largely depended on small-scale
productions.

Table 2. Linear growth rates/fluctuations in selected Agricultural Products in Nigeria

Agricultural Policy periods and linear growth rates of crops in Nigeria (%) Average
product 1962 - | 1972 - | 1982 - 11992 - | 2002- 2012 - | linear growth
1971 1981 1991 2001 2011 2019 rate (%) from
1970 to 2019
Oil palm -2.00 -0.44 2.78 2.75 -0.58 2.89 0.83
Coconut 3.17 0.58 2.71 2.25 5.15 -1.46 2.19
Maize 2.16 5.37 25.92 -1.59 7.04 3.05 7.12
Rice 16.89 18.94 11.98 -0.94 6.42 8.42 10.35
Yam 11.63 -5.11 15.33 4.58 3.22 5.75 5.90
Cassava 2.33 1.95 9.69 2.18 4.12 3.46 3.97
Groundnut -0.50 3.24 12.19 7.82 2.13 6.73 5.22
Cotton 6.63 3.68 24.78 4.67 5.29 -8.21 6.63
Cocoa 6.23 -3.34 6.26 6.77 1.98 -1.18 2.92
Rubber 1.41 1.15 12.42 -2.98 3.29 0.41 2.69
Cashew 16.27 0 7.00 32.48 2.25 -15.94 7.80
Vegetables 3.26 -1.22 7.97 7.55 4.66 2.76 4.21
Pineapple 2.00 0 3.03 1.07 6.06 1.54 2.31
Tomatoes 2.49 431 1.42 13.09 2.77 18.73 6.74
Other fresh fruits 2.44 2.39 3.57 3.01 -2.94 -1.37 1.27

Source: Computed by the author data from the FAO [17] and World Bank, 2020 [46].

The country has a total land area of about
923,769km? (or about 98.3 million hectares)
with 853km of coastline along the northern
edge of the Gulf of Guinea and a population
of around two hundred (200) million [38]. Its
multiple vegetation zones, plentiful rain,
surface water, underground water resources
and moderate climatic extremes, allow for the
production of diverse food, tree and cash
crops. Over 60 percent of the population is
involved in the production of the food crops
such as cassava, maize, rice, yams, various
beans and legumes, soya, sorghum, ginger,
onions, tomatoes, melons and vegetables.
Also, fishery, aquaculture and livestock
production such as poultry, goat, sheep, pigs
and cattle flourished very well in all regions
of the country. The main cash crops are cocoa,
cotton, groundnuts, palm oil, and rubber [26].
Data source

Secondary data were used and were sourced
from the World Bank and Food and
Agricultural Organization (FAO) as well as
the Central Bank of Nigeria. It covered the
period from 1961 to 2020.

Analytical Technique

The relationship between the crop sub-sectors
and the economic development of Nigeria was
captured by the equation that relates crop sub-
sector gross production indices and the GDP
per capita (an economic development
indicator). The specified equation assumes the
following Cobb-Douglas implicit forms as
thus:

PCI, = f(CER;,OCR.,RTC,,SUC,, VAF,) ... ... (D
where:

PCl; = Gross domestic product per capita to capture
the economic development of Nigeria (N/Person)

CER= Cereal gross production index (%) (2014 -
2016 =100)
OCRt = Oil crop gross production index (%)

(2014 - 2016 =100)

RTC; = Root and Tuber crop gross production
index (%) (2014 - 2016 =100)

SUC: = Sugar crop gross production index (%)
(2014 - 2016 =100)

VAF: = Vegetable and Fruit gross production
index (%) (2014 - 2016 =100)

The Autoregressive Distributed Lag

(ARDL) bound test
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The Autoregressive Distributed Lag (ARDL)
bound test was developed by Pesaran and
Shin [42] and Pesaranet al.[43] to investigate
the long and the short-run relationship among
variables. The ARDL bound model has three
advantages when compared with the
conventional Engle and Granger [25] two-step
method and Johansen and Juselius [31]
cointegration method. The ARDL method is
designed to deal with the series having mixed
stationary issues (i.e. the mixture of 1(0) and
1(1)). Hence, it relaxes the assumption that all
series must be integrated in the same order.
The second advantage of ARDL test over
other methods is that it generates relatively
more efficient estimates in the case of small
and finite sample data sizes. Thirdly, the
method produced unbiased estimates of the
long-run model [29]. The ARDL model for
equation (1) in logarithmic form is expressed
as follows: The specification of the ARDL
model assumes endogeneity of the specified
variables, hence the model was also applied to
the rest of the variables in equation (1).

APCI,

nq nz
= o+ fu ) BPCl_y +f, ) ACER,.,
i=1 i=1

n3 ng ns
+ Bs Z AOCR,_; + B4 Z ARTC,_; + PBs z ASUC,_;
'n i=1 i=1
6

+ Be Z AVAF,_; + 6,PCl,_; + 6,CER,_; + 550CR,_;
i=1

+ 64RTCt i+ assuct i+ SGVAFt ;
FUp e e (2)

The coefficients from P1 to Pe represent the
short-run coefficients whereas the coefficients
from 61 to Oe represent the long-run
coefficients of the ARDL model. Also, Po is
the drift component, “n” is the maximum lag
length while Uz is the stochastic error term.

The bounded F-statistic test was used to check
the existence of a stable, long relationship
among the variables in the models. For
instance, if the calculated F-statistic in
equation (2) is greater than the appropriate
upper bound critical values, the null
hypothesis is rejected implying the existence
of the co-integration relationship. But if the
value of the F-statistic is below the lower
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bound, the null cannot be rejected, indicating
the absence of co-integration. Besides, if the
F-statistic value lies within the lower and
upper bounds, the results are considered
inconclusive [43]. If the bound test shows
evidence of co-integration among variables,
then the long and the short-run(an error
correction model (ECM)) are specified as
follows:

The long run model:

PCl, = 8, + 8,PCl,_; + 8,CER,_; + §;0CR,_;
+ 8,RTC,_; + 85SUC,_; + 8,VAF,_;
FUp oo (3)

The short run model (ECM model):
APCI; = Bo+ By ) APCI,_; + B, ) ACER,_
t 0 1; t—-1 2; t

n ng
+ B Z AOCR,_; + B4 Z ARTC,_;

+ B Z ASUC,_; + Bs Z AVAF,_,;
+OECM,y + Uy o (4)

where O is the error correction term and its
measures the speed of adjustment towards the
long-run equilibrium, and the remaining
coefficients provide the short-run dynamics.
To access the performance of the estimated
model, the RESET test, Serial correlation,
normality and Heteroscedasticity tests were
conducted, whereas the cumulative sum
(CUSUM) test was estimated to verify the
stable nature of the model.

RESULTS AND DISCUSSIONS

Descriptive Statistics

The descriptive statistics, as presented in
Table 3, revealed that the coefficient of
variability in the cereal gross production
index, oil crop gross production index, root
and tuber crop gross production indices, sugar
crop production index and vegetable and fruit
gross production index was less than 100%
respectively. The variability index was
50.00% and 38.00% in oil crop and sugar crop
gross  production indices  respectively.
However, per capita income (PCI) showed an
explosive coefficient of variability that
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suggests it was so unstable over the period
specified in the study. The degree of skewness
revealed positive skewness in all specified
variables except the cereal crop gross

production index. It implies that these
variables experienced a continuous increments
in their annual values over the specified
period of time.

Table 3.Descriptive Statistics of Variables Used in the Estimated Models

Variable Mean C.V. Skewness Minimum Maximum
CER 63.49 0.47 -0.01 22.29 116.77
OCR 56.11 0.50 0.34 20.03 118.76
RTC 44.68 0.71 0.52 11.37 104.22
SCR 59.32 0.38 0.57 13.00 104.00
VEF 52.06 0.51 0.64 21.22 103.08
PCI 1.32e+05 1.61 1.53 69.43 7.25e+05

Source: Computed by the author data from the FAO [17] and World Bank, 2021 [46].

Unit root test

The study used the ADF test developed by
Dickey and Fuller [22] and the ADF-GLS unit
root test developed by Elliott, Rothenberg and
Stock [24] which is an improvement of the
original ADF test to confirm the unit root of
the specified variables. The results for both
ADF and ADF-GLS unit root tests are
presented in Table 4. The results revealed that
the sugar crop gross production index (SCR)

was stationary at levels, while the rest of the
variables were stationary at the first difference
in the ADF test. All variables were stationary
at the first difference for the ADF-GLS test
(Note the test equations contain both constant
and trend). Since we have a mixture of
variables that are 1(0) and 1(1), it implies that
the ARDL model can be used to test for co-
integration in the specified model.

Table 4. ADF and ADF-GLS unit root tests on variables used in the specified equations

ADF (constant and trend) ADF-GLS (constant and trend)
Variable Level 1 Diff. Decision Level 1 Diff. Decision
CER -2.372 -9.089*** 1(1) -2.283 -0.209%*** 1(1)
OCR -2.249 -11.908*** 1(1) -1.691 -12.007*** 1(1)
RTC -1.298 -6.702%** 1(1) -1.287 -6.566*** 1(1)
SCR -4.071** - 1(0) -1.834 -5.098*** 1(1)
VEF -2.989 -10.249*** 1(1) -2.608 -10.354*** 1(1)
PCI -1.528 -6.226*** 1(1) -1.4133 -6.102*** 1(1)

Source: computed by the author.

Note: *** ** and * indicate 1%, 5% and 1% significance levels respectively. Note, that variables are expressed in a

natural logarithm.

The optimal lag lengths for the ARDL model
were determined by using the Akaike
Information Criterion (AIC), Schwarz, and
Bayesian Criterion (SBC). The various lag
lengths are shown in Table 4.

The calculated F-statistics for the specified
equation are presented in the upper portion of
Table 5.

Note, that each of the variables in the PCI
equation was tested, but the results of the
equation of our interest are presented for the
discussion.

The Results of F-statistics for the specified
equation revealed that cointegration exists

among the variables specified. The calculated
F-statistics for these equations were greater
than the tabulate upper bound critical value at
a 1% level of significance.

The findings imply that long-run equilibrium
stable equations exist for the specified PCI
equation.

Consequently, the short run or the ECM
model can be generated from the equation to
capture the dynamics in the PCI equation in
the short run and identified the speed of
adjustment as a response to departure from the
long-run equilibrium.
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Table 5. ARDL Bound Test (unrestricted intercept and
no trend)

Equations Lag F- Decision
Statistic
Feci (PCI|CER, | (1,1,1,1,1) | 14.37883 | Co-
OCR, RTC, integration
SUV, VAF)
Critical Values Bound (at K=5 and n =59)
Lower Upper
10% 2.204 3.210
5% 2.589 3.683
1% 3.451 4.764

Source: computed by the author using Eviews 10 and
data as described in Equations 1, 2, and 3. Critical
values are derived from Narayan, [37]. Note, that
variables are expressed in a natural logarithm.

The Long-run Coefficients of ARDL for the
PCI equation

Subsequent to the establishment of co-
integration for the specified equation, Table 6
presents the long-term coefficients of the
ARDL model. The results revealed that the
economic development of Nigeria proxy by
the per capita income (PCI) has a positive and

significant (at 1%) long-run relationship with
the cereal gross production index. This means
that a one percent increase in the cereal
production index will lead to a 0.812 percent
increase in the PCI. The result implies that an
increase in the production of cereal will add to
or constitutes one of the sources of the
improved well-being of Nigerians in the long
run.

In the like manner, the production of
vegetables and fruits exhibited a positive
long-run correlation with the indicator of
economic development in Nigeria. This
connotes that, an increase in the production of
fruit and vegetable will significantly add to
the improvement of the general well-being of
Nigerians in the long run. Based on the
magnitude of the estimated coefficient, it
seems that vegetable and fruit production are
better stimulants of economic development or
well-being of Nigerians compared to other
crop sub-sectors.

Table 6. The Long- run Coefficients of Economic development (PCI) equation

Variable Coefficient Std. error t-value Probability
Constant -13.8171 1.1754 —11.76*** <0.0001
Cereal crop gross prod index 0.8117 0.25194 3.222%** 0.0022
Oil crop gross prod index —0.7214 0.2469 —2.921%** 0.0051
Root and tuber crop gross prod index —0.2026 0.25402 —0.7976 0.4287
Sugar Crop gross prod index —0.6539 0.26993 —2.422** 0.0189
Vegetable & Fruit crop prod index 6.7159 0.4828 13.91*** <0.0001

Source: computed by the author. Note: ***, and ** indicate 1% and 5% significance level respectively. Note, that

variables are expressed in a natural logarithm.

The long-run coefficient of the oil-based crop
gross production index showed a negative
significant relationship with the PCI at a 1%
probability level. By implication, a unit
increase in oil-based based crop gross
production index would lead to about 0.721
decreases in the index of economic
development of Nigeria. The finding reveals
that, though the production of the oil-based
crops has a significant relationship with PCI
in the long run, it moves in an opposite
direction to PCI. An increase in the
importation of palm oil and its derivatives
could likely cause this relationship. Related
results have been reported by [9, 10, 11, 12,
and 13].

In a similar manner, the coefficient of the
sugar-based crop gross production index has a
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significant negative impact on the PCI. A unit
increase in the sugar-based gross production
index reduces the PCI by 0.654 units. This
means that increase in sugar production has a
deteriorating effect on the well-being of
Nigerians in the long run. The plausible
reason for the result could be connected to the
fact that the bulk of the refined sugar
produced in the country is deduced from the
imported semi-processed or concentrate
forms. The importation of semi-processed
sugar over the years has brought a great
financial burden to the country and this has a
serious implication on the overall growth of
the Nigerian economy.

The slope coefficient of the root and tuber
crop gross production index shows a negative
insignificant effect on PCI in the long run.
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The finding implies that the production of root
and tuber crops does not significantly
influence the movement of PCI in the long
run though they are co-integrated.

The Error Correction Model of the ARDL
for the PCI equation

The result in Table 7 presents the error
correction representation of the ARDL model
for equation 1. The coefficient of the error
correction term is negative and statistically
significant at a 5% probability level, which
implies the existence of co-integration among
the variables included in the ARDL model. It
indicates that about 17.91% of the short-run
disequilibrium is adjusted towards its long-run
equilibrium annually. The diagnostic test for
the ECM model revealed an R? value of
0.1715 which means that the specified
explanatory time series explained about
17.15% of the adjusted total variations in the
PCI in Nigeria. The F-statistic of 2.59 is
significant at a 5% probability level,
indicating that the R? is significant and this

implies that the equation has the goodness of
fit. The Durbin-Watson value of 1.977
indicates almost zero serial correlation. The
ECM model has been shown to be robust
against residual autocorrelation. Therefore,
the presence of autocorrelation does not affect
the estimates [33]. Also, the RESET test
confirms the structural rigidity of the
estimated model. The residual is normally
distributed and this justified the use of the
OLS estimation method. The Breusch-Pagan
and CUSUM tests showed no evidence of
heteroscedasticity and attest to the stability of
the estimated model respectively. The
empirical result revealed that the quantity of
vegetables and fruits produced is a positive
determinant of economic development in
Nigeria in the short run. A unit increase in the
quantity of vegetables and fruits produced will
trigger about 1.2703 units increase in the
index of economic development in the short
run.

Table 7. The short - run Coefficients of Economic development (PCI) equation

Variable Coefficient Standard error t-value Probability
Constant 0.0937 0.0352 2.663** 0.0105
APClyy 0.2268 0.1002 2.265** 0.0280
ACER: 0.0792 0.1142 0.694 0.4909
AOCR; 0.0951 0.1048 0.907 0.3688
ARTC; 0.0023 0.1726 0.013 0.9895
ASCRy —0.2067 0.1027 —2.013** 0.0497
AVEF 1.2703 0.6012 2.113** 0.0397
ECM¢1 —0.1791 0.0689 —2.598** 0.0123
Diagnostic Test
R-Squared 0.1715 Durbin-Watson 1.977 (0.45)
F(7,49) 2.597 (0.023) Normality of residual 43.378(0.00)
RESET test 0.2613 (0.77) LM test for autocorrelation 0.023(0.88)
Breusch-Pagan 11.7041 (0.11) CUSUM test 0.3941(0.69)

Source: computed by the author.

Note: *** and ** indicate 1% and 5% significance level respectively. Note, that variables are expressed in a natural

logarithm.

The short-run coefficient of the sugar crop
production relates negatively to the index of
economic development in Nigeria. A similar
result was obtained for the long-run
relationship. The plausible reasons are the
heavy dependence on semi-processed sugar
imports and the financial implication of such
international transactions on the Nigerian
economy. Similar assertions have been
reported by [9, 10, 11, 12, and 13].

The CUSUM plot from a recursive estimation
of the ECM model is shown in Figure 1. This
indicates stability in the estimated ECM
coefficients over the specified period as the
plot of the CUSUM statistic lies within the
critical band of the 95% confidence interval of
parameter stability.

45



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

Vol. 22, Issue 4, 2022
PRINT ISSN 2284-7995, E-ISSN 2285-3952

20

Figure 1: CUSUM plot witl

9526 confidence band

——
———
——
—
——
——
is | ——— 4
——
—
——
—
——
——
p——
——

10 —_ 4
-_—
e
s |- 4
-3

o >

s b

las

-20

—
——
e —
——
10 ——
——
——
———

——
—
——
—
——
_——
—
—
——
——
—
—_—

1970

Fig.1. The CUSUM plot with a 95% confidence interval
Source: Generated from data analysis

CONCLUSIONS

The study has established the empirical
relationship between the crop subunits and
indicators of economic development in
Nigeria. The time-series data properties were
analysed using the Augmented Dickey-Fuller
unit root test and improved ADF-GLS unit
root test. The result indicated that the
specified series have a mixed stationarity
issue (i.e. I (0) and 1 (1)). Based on the
behaviour of the series, the ARDL model was
used to establish the cointegration among
series. The existence of cointegrations among
series was established and the long and short
runs coefficients of the specified PCI equation
were generated. The error term from the short-
run model had an appropriate sign and was
statistically significant at the conventional
probability level. The empirical findings
confirmed the co-movement of the specified
components of the crop sub-sector and the per
capita GDP in the Nigerian economy in the
long-run period. This connotes that, these
variables were somehow interdependent in the
long run.

Precisely, the empirical findings revealed that
the cereal gross production, oil crop
production, sugar crop production, and
vegetable and fruit crop production are
significant long run determinants of the per
capita income (economic development
indicator) in Nigeria. However, the sugar crop
production relates in a negative manner to
economic development and was plausibly
linked to heavy reliance on importation with
its attendance negative effect on the country’s
GDP. The short rum model reveals that
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vegetable and fruit crop production as well as
the sugar crop are the short-run determinants
of PCI. The study also established the fact that
vegetable and fruit crop production has a
more impacting relationship  with  the
economic well-being of Nigerians both in the
short and long-run periods compared to other
subunits of the crop sub-sector. The findings
of the study suggest that the crop sub-sector
played significant roles in the economic
development of Nigeria in both short and
long-run periods. The findings imply that; the
country needs to improve the policy
framework on crop  production by
emphasizing more on the increase in output of
all crops. This could be achieved by focusing
on modern and improved techniques of
production across the crop sub-sector value
chain.
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Abstract

This study analyzed the trends in major ruminant meats (beef, chevon, mutton, and total ruminant meat) and
provided empirical evidence on the relationship between ruminant meats production and key macroeconomics
fundamentals in Nigeria. The study employed the time-series data that were sourced from the Food and Agricultural
Organization (FAO), Central Bank of Nigeria,and the World Bank and ranging from 1961 to 2021. The descriptive
analyses, trend equation, and multivariate autoregressive model were used to analyze the data. The result of the
data analyses revealed an annual exponential growth rate of 1.156%, 6.694%, 6.032%, and 2.747% for beef,
chevon, mutton, and total ruminant meat respectively. The empirical outcomes showed that the annual inflation rate
has a significant negative inelastic association with the ruminant meats production in Nigeria; while the per capita
income had a significant positive inelastic relationship. Moreover, the annual nominal exchange rate exhibited a
mixed effect on ruminant meat production. To improve ruminant meat production in the country, it is strongly
suggested that the inflation rate should be moderated and the country should develop sound and efficient policies to
increase the per capita income.

Key words: meat, ruminant, trend, macroeconomic, Nigeria

INTRODUCTION tonnes in 2020 and deaccelerated at an

Ruminants are even-toed, hoofed, four-legged
herbivorous animals that chew the cud and
have complex stomach systems [22, 32].
Examples of widely domesticated and
economic ruminants in Nigeria include cows,
sheep, and goats. In Nigeria, apart from fish,
ruminants are the major sources of animal
protein available [35, 37, 2]. They are
basically reared for meat, milk, and other by-
products. They played intermediary and
important functions in the food chain and
sustainable agricultural system respectively
[32]. They are the major constituent of the
country’s livestock. In 2020, there were about
83.7 million goats; 47.7 million sheep; and
20.7 million cattle heads in Nigeria [24].
Ruminant meats in 2020 make up 57.02% of
the total meat produced in the country [24].
Excluding chicken meat, it constituted about
66.15% of the total meat produced in 2020. In
2020, the total meat produced in Nigeria was
1.72 million tonnes. Total production of meat
in Nigeria declined from 1.75 million tonnes
in 2018 to 1.74 in 2019 and 1.72 million

average annual rate of 0.86% [24]. Nigeria’s
meat production is challenged by low-value
addition attributed to poor processing
infrastructures and an unregulated market
system characterized by price volatility in the
spatial markets [12].

Available records revealed that in the last
three decades, the consumption of meats in
Sub-Saharan Africa and Nigeria, in particular,
has witnessed an upsurge [24].

The surge in consumption of meats emanated
from several factors, such as increasing
urbanization, youthful population, improved
educational status, rising personal income,
and socialization among others. Irrespective
of the growing demand for meats in the
country, its production is still majorly small
scale and is characterized by declining annual
output growth [24, 9] (Figure 1).

According to the report of FAO, [26] and
FAOQO, [28], about 40 percent of households in
Nigeria are responsible for producing the bulk
of the meat consumed, with the exception of
poultry meat.
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Fig.2. Trend in Total Meat Production Index in Nigeria (2001 - 2016) = 100.

Source: Data from FAQO, 2022.

Following Agboola & Balcilar [1], Babatunde
& Qaim [19], the country’s livestock industry
is small and slow-growing relative to the
population relying on it for meat. As shown in
Figure 1, the total meat production index
assumed undulated growth rate from 1960 to
2021 with sharp depressions in 1991 and
2012.

Given the country’s annual population growth
rate of 2.57% and the current population of
over 200 million [34, 10] in addition to the
3.38% annual growth rate (Figure 1) in total
meat production, there are serious issues in
meeting the protein demand of the majority of
Nigerians now and in the future. The majority
of the animal farmers in the country are
resource-poor; lack adequate veterinary
services and are affected by changing climatic
and environmental conditions among others
[6, 16]. In the country, both population and
infrastructures are expanding, culminating in
an unprecedented increase in overall demand
capacity for protein sources especially meats,
but without a corresponding increase in meat
production [8]. The majority of the population
(being youthful) is rapidly adopting the
consumption pattern that is anchored on diets
rich in meat and other animal derivatives [13,
18]. Following these occurrences, there is an
unprecedented increase in the demand for
meat and their derivatives with the urgent
need to augment domestic production if the
minimum protein requirement of Nigerians is
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prioritized. To bridge the shortfall in domestic
production of meats in the country, issues
related to poor infrastructures, farmers’
poverty alleviation, improved breeding
programs, and genetic engineering as well as
ranch development among others are required
[32, 5]. Since, the ruminants’ production is
done mostly by nomadic and semi-nomadic
pastoralists, implementing sustainable policies
iS a serious challenge to Nigeria’s
government. Currently, there are several
nomadic pastoralists — farmers’ conflicts
which many analysts believe is one of the
major causes of the declining ruminant
production trend in the country [22, 32].
Available statistics have shown that Nigeria’s
average per capita meat consumption is
approximated at 9.0kg per person per year
[25, 27, 24]. The index is less than the
continental average of 19.0kg and the World
Health Organization (WHO) minimum
standard of protein consumption (0.83g/kg of
body weight per day of protein) for an adult
[27]. The federal government of Nigeria has
enunciated several policies and programs to
tackle the problems of protein deficiency
among Nigerians. For instance, the national
livestock transformation plan programs was
set up with the aim to increase the output of
animal-based protein sources and provide a
roadmap through  which a holistic
transformation of the livestock sub-sector will
be achieved till 2027 [39, 34, 15].
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However, the anticipated transformation of
the livestock sub-sector through the adequate
supply of meats and generating effective
demand depends, among other things, on
previewing and understanding the trends in
production as well as the efficient, and stable
macroeconomic environment [14]. Hence, this
calls for a concerted effort to relate the trends
in meats production and the macroeconomic
fundamentals that are critical in influencing
activities in the real sector of the economy.
For instance, improving per capita income is a
prerequisite for driving effective demand for
agricultural products including meats in
developing countries [17, 4, 27, 23, 28].
Furthermore, as noted by Simo-Kengneet al.,
[36], the price of meat, gross domestic
product (GDP), inflation rate, exports,
imports, and urbanization are the major
variables that affect meat consumption.
Besides, Akpan et al., [14], opined that an
increase in the per capita income, total
exports, external reserves, inflation rate, and
external debt influence agricultural production
negatively in both short and long-run periods;
whereas the industry’s capacity utilization rate
and nominal exchange rate relate positively in
both long and short-run periods. Also, Akpan
et al., [11] showed that the rate of inflation,
external reserves, per capita income, industrial
production, and energy consumption affect
agricultural intensification adversely. The
findings also noted that the annual inflation
rate, industrial output, and external reserves
reduce agricultural intensification in the short-
run period. Additionally, Akpan and Umoren
[9] established the empirical relationship
between some key macroeconomic variables
and meat as well as the milk gross production
indices in Nigeria. The empirical results
showed that the per capita income, nominal
exchange rate, and land density were the
determinants of meat gross production index
in the long run, whereas, per capita income,
credit to the economy, and land density were
identified as the short-run determinants.
Furthermore, Betru and Kawashima [21]
submitted the determinants of meat
consumption in Ethiopia. The result showed
that urbanization and per capita income were

positive and significant determinants of meat
consumption in Ethiopia.

In addition, James et al., [31] analyzed beef
demand drivers and enhancement
opportunities in the United States of America.
They found a positive significant relationship
between U.S. consumer total expenditures and
the quantity of beef demanded. The results
further revealed that the consumer demand for
beef was negative and inelastic with respect to
changes in beef price. Also, Baskhron et al.
[20] examined the trends in the production
and consumption of red and white meats in
Egypt. The findings revealed a 1.40% and
2.87% annual growth rate in meat production
and consumption respectively.Another study
by Fatimah et al, [29] assessed the
relationship between domestic consumption
of red meat and its macroeconomics
determinants in the Kingdom of Saudi Arabia.
The results revealed a negative significant
relationship between domestic consumption
of red meat and meat price index; and a
positive  significant  relationship  with
consumer price index in the long run. The
results also portrayed a positive significant
correlation between domestic consumption of
red meat and GDP in the short run. In an
attempt to understand the trend in meat
production in Nigeria, Udom [38] analyzed
trends for chicken meat, beef, goat meat
(chevon), mutton and lamb, pig meat, and
total meat from 1961 to 2004 period. With the
exception of pig meat, annual growth rates
derived from the exponential trend equations
drastically declined from 4.50% during the
1961 — 1986 period to 2.26% during the 1986
— 2004 period. Also, Ojiako and Olayode
[34] analyzed the livestock production trends
from 1970 to 2005 in Nigeria. The results
revealed an exponential growth rate of 4.83%
per annum which assumes a significant
acceleration in the long-run period.

As revealed from the reviewed literature, none
of the research work has specifically focused
on ruminant meat production despite the
important role it plays in the dietary
requirement of Nigerians. Therefore, the meat
sub-sector needs specific policy
recommendations to be able to tackle the
current consumption deficiency gap in the
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country. Also, for the last two decades, a lot
has happened in Nigeria’s macroeconomic
environment including the recent COVID 19
pandemic. Hence, there is a need to update the
available information on the major meat
trends and their relationships with key
macroeconomic variables in the country. In
line with this assertion, the study sought to
examine the trends in the major ruminant
meats in the country and establish the
empirical ~ correlations  between key
macroeconomic variables and ruminant meats
production in Nigeria.

MATERIALS AND METHODS

Study Area

The study was conducted in Nigeria. The
country is situated on the Gulf of Guinea in
sub-Saharan Africa. It lies between 4° and 14°
North of the equator and between longitude 3°
and 15° East of Greenwich. Nigeria’s land
area is about 923,769km? and 853 km of
coastline with a population of overtwo
hundred (200) million [33]. The country has
enormous agricultural, mineral, marine, and
forest resources. The multiple vegetation,
plenteous rain, surface water resources, and
moderate climatic extremes, allow for the
production of diverse foods, trees, and cash
crops. Over 60 percent of the population is
involved in the production of food crops such
as cassava, maize, rice, yams, various beans
and legumes, sorghum, ginger, onions,
tomatoes, melons, and vegetables. Also,
fishery, aquaculture and livestock production
such as poultry, goat, sheep, pigs, and cattle
flourished very well in all regions of the
country. The main cash crops are cocoa,
cotton, groundnuts, palm oil, and rubber [30].
Data source

The study used secondary data sourced from
the World Bank and Food and Agricultural
Organization (FAQO) as well as the Central
Bank of Nigeria. Data used in the study
covered the period from 1961 to 2021.

Model Specification

To examine the trend
production in Nigeria:
An exponential trend equation was specified
as presented in equation 1.

in ruminant meat
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logo MET, = @o + @1T + Ug e e .. ... (1)

where 'T" is the time period measured in years.
The exponential or compound growth rate is
expressed as in equation 2.

(1) =(e%1 = 1) % 100 e e cce s e s e . (2)

To ascertain whether the growth in specific
ruminant meat production assumes an
accelerated or decelerated pattern during the
period under consideration, a quadratic trend
equation was specified as shown in equation
3:

logeMETt == ﬁO + BlTl + ﬁlez + ut ....... (3)

If the coefficient p2 is positive and
statistically significant at a conventional level,
there is an annual acceleration in the growth
of the ruminant meat; if the coefficient of 52
is negative and statistically significant at the
conventional level, there is a significant
deceleration; however, if 52 is not statistically
significant it implies stagnation in the growth
of ruminant meat production in the country
[34,7, 3].

The determinants of ruminant meat

The relationship between annual meat
production and macroeconomics variables
was explicitly captured in a Cobb-Douglas
form and is expressed as:

Meatt == f(INFt, PCIt, EXCt, CREt) [ (4)

where:

MET = Growth rate in total ruminant meat
production (%) (either Beef, Mutton,
Chevon, orcombined)

PCli = Growth rate in the per capita income

as a proxy of demand capacity (i.e. per
capita GDP) (%)

INF= Growth rate in the annual inflation

rate  as a proxy of meat price (%)

EXCi= Growth rate in the annual exchange
rate as a proxy of import effect
(naira/dollar) (%)

CREt = Growth rate in annual domestic credit
to agriculture/GDP as a proxy of
infrastructuralavailability (%).
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An implicit autoregressive version of equation
4 was specified and is expressed as shown:

MET, = By + +6,PCI, + 8,INF, + 8;EXC,
+ 8,CRE, + 6sMET,_,
TR | N )|

Equation 5 was adopted in the study to solve
the problem of autocorrelation that existed in
equation 4. The variables were expressed in
growth rates to ensure their stabilities at the
level of the variables and reduce the tendency
of producing a spurious regression.

RESULTS AND DISCUSSIONS

The results in Table 1 show the major
descriptive statistics of the variables used in
the study. The coefficients of variability in
beef, chevon, and mutton were 27.14%,
73.22%, and 79.56% respectively. This
implies that there was minimal variation in the
annual tonnage of beef, while chevon and

mutton  production witnessed  significant
fluctuations in production over the specified
period. The indices of skewness (being
positive) revealed that the production of the
individual ruminant meat in the country grew
steadily as they concentrated more on the
right-hand side of the normal distribution
curve. However, the statistic for the combined
meats (beef, mutton, and chevon) indicates an
average coefficient of variability at 43.74%
per annum and negative skewness. The result
revealed that the combined ruminant meat
production (or total ruminant meat) had
moderate variability characterized by a
marginal decline in annual production. The
descriptive statistics of the macroeconomic
variables showed explosive variabilities in per
capita income (PCI) and exchange rate
(EXC). This implies that these variables were
so unstable during the period specified in the
study.

Table 1. The Descriptive Tests of Variables Used in the Estimated Models

Variable Mean Minimum Maximum Std. dev. CV Skewness
Beef (tons) 2.7396e+005 | 1.4624e+005 | 4.3772e+005 74353. 0.2714 0.0964
Chevon (tons) 1.3779e+005 | 5715.0 2.8766e+005 1.009e+005 | 0.7322 0.0711
Mutton (tons) 72540. 6820.0 1.7160e+005 57711 0.7956 0.3453
INF 16.160 0.47606 72.836 14.975 0.9267 2.0959
PCI 1.4062e+005 | 69.272 7.4829e+005 2.262e+005 | 1.6085 1.5160
EXC 72.924 0.54678 403.58 103.33 1.4169 1.4855
CRE 8.5579 3.7043 19.626 3.2404 0.3787 1.3268
Total meat | 4.8429e+005 | 1.5974e+005 | 7.7806e+005 2.119e+005 | 0.4374 -0.0810
(tons)

Source: The tests are computed by the author’s data from the FAO [23- 28] and World Bank, 2022 [40].

The inflation rate also showed a high degree
of variability of about 92.67% per annum. The
coefficient of variability was lowest in the
amount of credit disbursed to the agricultural
sector. This implies that the amount of credit
allotted to the agricultural sector over the
years skewed positively but did not change
significantly. The skewness indices for the
macroeconomic variables were positive and
imply that their volatilities and annual
production were progressive or continuous
over the period considered.

The Trend in ruminant meats production
in Nigeria

The estimates of the exponential and quadratic
trend equations for beef and chevon
production are presented in Table 2, while
Table 3 contains estimates for the mutton and
combined meat (beef, chevon, and mutton)
production. The findings revealed that the
beef and chevon production in Nigeria has
apositive significant relationship with time.
This implies that beef and chevon annual
production increases on average over time
within the period used in the study. An
average positive exponential growth rate of
about 1.16% and 6.69% per year were
obtained in beef and chevon production from
1961 to 2021 respectively in Nigeria.
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Table 2. The exponential and quadratic trend estimates of beef and chevon production in Nigeria

Beef | Chevon
Equation 1 Exponential Trend Equation
Variable Coefficient Std. error t-value Coefficient Std. error t-value
Constant 12.1245 0.0812 149 .4%** 9.3218 0.2019 46.18***
Time 0.0115 0.0017 6.875*** 0.0648 0.0059 10.96***
R-square 0.51 0.88
F-cal. (1,59) | 47.26*** 120.12***
Exp. GR (%) 1.156 6.694
Equation 3 Quadratic trend Equation estimates
Variable Coefficient Std. error t-value Coefficient Std. error t-value
Constant 11.9322 0.0479 249 3*** 8.3657 0.0452 185.0***
Time 0.0299 0.0070 4,261*** 0.1559 0.0030 51.29***
Time Square —0.0003 0.0001 —2.456** —0.0015 4.798e-05 —30.61***
R-squared 0.60 0.69
F- cal.(2, 58) 106.64*** 29.12%**

Source: computed by the author.

Note: *** ** and * indicate 1%, 5% and 1% significance levels respectively.

The quadratic trend estimates for beef and
chevon revealed for each equation
respectively, a time-squared coefficient that is
negative and statistically significant at the
conventional probability levels. This implies
that theproduction of beef and chevon over an

increased period of time experienced
deteriorating growth rates in annual
production in the country. The results

indicated a significant deceleration in annual
growth of outputs of beef and chevon over an
increased period of time. Though the
compound growth rates for beef and chevon
revealed a positive annual growth rate, the
estimates of the quadratic trend equation
showed an unsustainable annual growth rate
in production. Alternatively, the result of the
quadratic trend equation revealed that the
exponential or compound growth rate of beef
and chevon grew positively at a decreasing
rate in the long-run period. This implies that
several policies and programs that were
implemented by the wvarious tiers of
governments to boost beef and chevon
production in the country yielded significant
short-run positive impacts that seem to
depreciate in the long run.

Similarly, the result for mutton and combined
meat (beef, chevon, mutton) production
revealed a positive significant relationship
with the time coefficient. This implies that
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mutton and total ruminant meat annual
production increase on average with time.
Precisely, an average positive exponential
growth rate of about 6.03% and 2.75% per
annum were obtained in mutton and aggregate
ruminant meat production from 1961 to 2021
respectively in Nigeria. Further investigation
on the nature of the exponential growth in
mutton and total meat revealed significant
deceleration over an extended period of time.
This implies that the exponential growth rate
in mutton and combined ruminant meat
production was increasing at a decreasing
rate. Following the history of Nigeria’s
economy, many phenomena could likely help
to explain the short and long period trends in
major ruminant meats production in Nigeria.
Similar studies have estimated a single-digit

exponential growth rate for agricultural
commodities. They include; Udom [39];
Ojiako and Olayode [34], andBaskhron et al.
[20].

The pictorial representation of the estimated
trend lines for beef, mutton, chevon, and
combined ruminant meat annual production is
shown in Figure 2. The trend in meat
production assumed an upward progressive
growth from 1961 to 1985. This period
corresponds to the era of the pre-structural
adjustment programme (SAP).
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Table 3. The exponential and quadratic trend estimates of mutton and combined ruminant meat production in

Nigeria

Mutton | Combined (beef, chevon and mutton)
Equation 1 Exponential Trend Equation
Variable Coefficient Std. error t-value Coefficient Std. error t-value
Constant 8.9228 0.0809 110.2*** 12.1332 0.0714 169.9***
Time 0.0586 0.0032 18.25*** 0.0271 0.0019 14.28***
R-square 0.95 0.88
F-cal. (1, 59) 33.00*** 23.97***
Exp. GR (%) 6.032 2.747
Equation 3 Quadratic trend Equation estimates
Variable Coefficient Std. error t-value Coefficient | Std. error t-value
Constant 8.5074 0.0901 94,38*** 11.8750 0.0456 260.7***
Time 0.0981 0.0073 13.41*** 0.0517 0.0053 9.676***
Time Square —0.0006 0.0001 —5.73%** —0.0004 8.847e-05 —4.482***
R-squared 0.68 0.63
F- cal.(2, 58) 64.39%** 60.57***

Source: computed by the author.
Note: *** indicates 1% significance level.

The agricultural policies and programmes
then were majorly targeted at the development
of the agricultural sector at the regional levels.
For instance, in1962 in northern Nigeria, there
was a supplementary feed programme on
cattle aimed at increasing the quality of beef
produced [30].

In 1965, grazing reserves were introduced in
the northern region to improve the quality of
feeds and meat correspondingly. In 1979, a
smallholder fattening scheme was initiated as
a tool to increase ruminant farmers’ income
through an increase in quality meats [30].
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Fig. 3. Trends in Beef, Chevon, Mutton and Combined Meat (tons) in Nigeria.

Source: Plotted by authors and data from FAO [23-28].

Within this period, trade policies were
instituted to protect domestic ruminant meat
producers. From 1971 and 1973, the beef
import was banned while supplementary

feeding programmes for livestock which
served as incentives continued from 1971 to
1974 in the country [39]. The Nigerian
Livestock Production Company (NLPC) was
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established in 1976 to provide credit and
technical services to farmers. Ruminant meat
producers within the period had several
incentives to leverage, and these resulted in
the corresponding increase in meat production
in this era.

The trend in ruminant meat production
witnessed a sharp depression from 1986 to
1993. The trend in beef, mutton and chevon
production in this period was mainly dictated
by the policies and programs of the structural
adjustment program era.

The remarkable characteristic of this era was
the privatization and commercialization of
government-owned agro-enterprises. During
this time, private investment in meat
production witnessed a remarkable increase,
but improvement in the sub-sector was
hampered by increasing volatility in the
macroeconomic fundamentals. In 1988, a ban
on imports of fresh, chilled, or frozen meat
was enforced to protect domestic producers,
but the intention was defeated due to an
unfavourable macroeconomic environment.

Table 4. ADF-GLS unit root tests

The post-SAP era which spanned from 1993
to 2021 saw the introduction of new
agricultural policies including a ban on the
importation of frozen poultry meat, the
national currency was devaluated and private
roles in meat production, processing and
marketing increased tremendously. These and
several incentives upsurge meat production
although in undulating pattern until 2020
when COVID-19 pandemic and persistent
increase in feed prices stalled the production
capacity of meat producers and resulted in a
reduction in annual output.

Unit root test

To test the stability of the variables used in
the study, the ADF-GLS test was used to
confirm the unit root of the specified
variables. The results are presented in Table 4.
The findings revealed that all the specified
variables were stationary at their levels. This
denotes that the specified regression model
can be estimated at the level of these variables
with little or no risk of obtaining spurious
estimates.

Variables ADF-GLS (constant and trend)

Level 1% Diff. Decision
Total meat (tons) -9.3369*** — 1(0)
INF -7.6647%** — 1(0)
PCI -6.5589*** - 1(0)
EXC -8.5682*** - 1(0)
CRE -8.3414*** - 1(0)

Source: computed by the author.

Note: *** ** and * indicate 1%, 5% and 1% significance levels respectively. Note that, variables were expressed as

natural logarithm growth rate.

Determinants of ruminant meats
production in Nigeria

The result in Table 5 presents the estimates of
the autoregressive models for the beef
equation while Table 7 contains the estimates
for chevon and total ruminant equations. The
R-squared is estimated at 0.19 and 0.39 for
beef and chevon respectively. The F- statistics
of 9.01 and 22.47 are significant at the
conventional probability levels for the beef
and chevon equation respectively. This means
that the estimated R-squared for both
equations are significant and thus indicate that

both equations have goodness of fits. The
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estimated value of Durbin-Watson which is
2.19 for the beef equation and 2.33 for chevon
were not statistically significant, implying that
there is an absence of serious autocorrelation
in the estimated equations. Also, the null
hypotheses were not rejected for the RESET
test, Breusch-Pagan test, normality test, and
CUSUM test for both equations. This means
that the estimated autoregressive models have
structural rigidity, absent of
heteroscedasticity, normally distributed error
terms and is stable within the time frame
specified.
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Table 5. Determinants of Beef and Chevon production in Nigeria

Beef estimates Chevon estimates

Variables Coeff. Std. t-value VIF Variables Coeff. Std. t-value

error error
Constant 0.079 | 0.1564 0.509 - Constant 0.171 0.1096 1.564 -
Inflation —0.001 | 0.0005 | —2.065** 1.017 Inflation —0.0004 0.0002 | —2.000** | 1.078
Per capita 0.028 | 0.0122 | 2.295** 1.544 Per capita income 0.035 0.0194 1.804* 1.431
income
Exchange rate 0.005 | 0.0009 | 5.019*** 1.052 Exchange rate —0.0008 0.0002 | —3.468*** | 1.026
Credit to Agric. 0.008 | 0.0179 0.421 1.386 Credit to Agric. 0.016 0.0116 1.410 1.408
Beef lag 1 -0.198 | 0.1777 | -1.116 1.192 Chevon lag 1 0.534 0.1731 | 3.086*** | 1.108
R-squared 0.1917 R-squared 0.3884
F- cal. (5,53) 9.0122 (0.0011) F- cal. (5,53) 22.4663 (0.0000)
Normality test 0.8039 (0.6690) Normality test 2.1283 (0.3132)
RESET test 1.3333 (0.1436) RESET test 1.5450 (0.1064)
Breush-Pagan 8.3285 (0.1967) Breush-Pagan 4.3444 (0.3014)
CUSUM test 0.2527(0.8015) CUSUM test 2.1254 (0.3833)
Durbin Watson 2.1855 (0.7608) Durbin Watson 2.3329 (0.8842)

Source: computed by the author.

Note: *** ** and * indicate 1%, 5% and 1% significance levels respectively. Note that, variables are expressed in a

natural logarithm.

The diagnostic statistics for the mutton and
combined ruminant meat equations are
presented in Table 6. The R-squared are 0.11
and 0.18 for mutton and combined meat
equation respectively. The F- statistics for
both equations are significant at the
conventional probability levels and thus
indicate the goodness of fit. The Durbin-
Watson values of 2.06 for the mutton equation
and 2.18 for combined meat were statistically
insignificant, implying no serious
autocorrelation in the estimated equations.
Similarly, the null hypotheses were not
rejected for the RESET test, Breusch-Pagan
test, normality test, and CUSUM test for both
equations.

Determinants of Beef production in Nigeria
The empirical result revealed that the price of
beef (proxy by inflation growth rate) has a
significant negative inelastic relationship with
beef production in Nigeria. A one percent
increase in inflation growth rate will cause
about a 0.001% decrease in the growth rate of
beef production in Nigeria. This means that as
the inflation rate upsurge, the quantity of beef
produced in the country declines. The result
satisfies a priori expectation as the soaring
inflation rate has a negative multiplier effect
on all sectors of the economy such as
transportation, cost of raw materials, and
marketing cost among others, resulting in an
increase in production cost. An increase in

production cost reduces the producer’s profit
through a reduction in the quantity of goods
produced. The result corroborates Simo-
Kengneet al., [36], Akpan et al., [14], Akpan
et al., [11], James et al., [31], and Fatimah et
al., [29].

The result also shows a positive relationship
between the per capita income and the
quantity of beef produced in the country. For
instance, a unit increase in the per capita
income would likely result in about a 0.028
unit increase in beef production in the
country. An increase in per capita income
suggests an increase in the consumers’ income
(on the assumption that the per capita income
is not significantly skewed). This means that
as the per capita income increases, both the
nominal and the real income of an average
consumer will increase thus enhancing the
consumer’s purchasing power. The finding
agrees with the reports of Akpan et al., [17];
Akpan and Patrick [4], FAO, [27], FAO, [23],
and FAO, [28], Akpan et al., [14], Akpan et
al., [11], Akpan and Umoren [9] and Betru
and Kawashima [21].

Similarly, the result revealed a positive
inelastic correlation between the nominal
exchange rate (i.e. naira/dollar) and beef
production  capacity in  Nigeria. By
implication, a unit increase in the annual
nominal exchange rate would lead to a 0.005
unit increase in beef production in Nigeria.
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Table 6. Determinants of mutton and combined meat production in Nigeria

Mutton Combined meat

Variables Coeff. Std. t-value VIF Variables Coeff. Std. t-value

error error
Constant 0.303 0.1024 | 2.957*** - Constant 0.183 0.1204 1.517 -
Inflation —0.0008 | 0.0004 | —2.124** 1.009 Inflation —0.0009 | 0.0004 | —2.104** | 1.023
Per capita income 0.072 0.0273 2.632** 1.493 Per capita income 0.028 0.0144 1.944* 1.645
Exchange rate 0.0004 0.0002 1.510 1.025 Exchange rate 0.003 0.0007 | 4.834*** | 1.053
Credit to Agric. 0.015 0.0109 1.335 1.414 Credit to Agric. 0.005 0.0119 0.419 1.387
Mutton lag 1 0.053 0.0893 0.5915 1.093 Total meat lag 1 -0.192 | 0.1941 -0.991 1.289
R-squared 0.1069 R-squared 0.1813
F- cal. (5,53) 5.3690 F- cal. (5,53) 9.5682
Normality test 1.3723 (0.4045) Normality test 2.7799 (0.1916)
RESET test 1.0232 (0.5744) RESET test 1.4965 ( 0.1924)
Breush-Pagan 4.7755 (0.3194) Breush-Pagan 4.7636 (0.3155)
CUSUM test -1.2642 (0.2118) CUSUM test 0.1129 (0.9106)
Durbin Watson 2.0568 (0.5704) Durbin Watson 2.1807(0.7529)

Source: computed by the author.

Note: *** ** and * indicate 1%, 5% and 1% significance levels respectively. Note that, variables are expressed in a

natural logarithm.

An increase in the nominal exchange rate
(naira against the dollar) will likely constrict
the importation of meat-related products
thereby promoting the domestic production of
meats. Akpan et al., [14], and Akpan and
Umoren [9] have reported similar results.
Determinants of chevon production in
Nigeria

The determinants of chevon production are
similar to beef production. The empirical
results revealed that an increase in the annual
inflation rate has a significant adverse
inelastic relationship with chevon production.
The finding connotes that a unit increase in
the annual inflation rate will trigger a 0.0004
unit decrease in the annual chevon production.
The result is buttressed by the submissions of
Simo-Kengneet al., [36], Akpan et al., [14],
Akpan et al., [11], James et al., [31], and
Fatimah et al., [29].

Correspondingly, the annual nominal
exchange rate correlates negatively to chevon
production in Nigeria. Precisely, a unit
increase in the nominal exchange rate (naira
against the dollar) would likely reduce chevon
production by 0.0008 units. The occurrence of
this relationship could be linked to the fact
that a good proportion of goats slaughtered in
Nigeria are imported from neighbouring
countries like; Niger, Cameroun, Chad, and
Sudan. The country depends heavily on
imported goats for the domestic chevon
market. Therefore, an increase in the nominal
exchange rate (i.e. naira /dollar) would likely
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increase the cost of importation in the local
currency thus resulting in a reduction in the
number of goats imported. The reduction in
the number of goats imported would likely
have a diminishing impact on the quantity of
chevon or goat meat supply in the domestic
market. Similar reports are presented by
Akpan et al., [14], and Akpan and Umoren
[9].

Contrary, the coefficient of the per capita
income has a significant positive inelastic
association with the chevon production in
Nigeria. For instance, a 10.0% increase in the
per capita income would lead to a 0.35%
increase in chevon production. The plausible
reasons for the results obtained for beef
production are also applied for chevon
production. Akpan et al.,, [17]; Akpan and
Patrick [4], FAO, [27], FAO, [23], FAO, [28],
and Betru and Kawashima [21] agree with the
finding.

Determinants of mutton production in
Nigeria

The result indicates that the inflation rate (or
the market price) has a significant inelastic
negative  correlation with the annual
production of mutton in Nigeria. Following
the law of demand, an increase in the price of
a normal commodity has a negative impact on
demand. The result showed that a 10.0%
increase in the inflation rate will induce about
a 0.008% reduction in the production of
mutton. The finding is substantiated by Simo-
Kengne et al., [36], Akpan et al., [14], Akpan
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et al., [11], James et al., [31], and Fatimah et
al., [29].

On the opposing side, the slope coefficient of
per capita income is positive at a 5.0%
probability level indicating a significant
positive relationship with mutton production
in Nigeria. For instance, a unit increase in the
per capita income will cause about a 0.072
unit increase in mutton production. The
finding agrees with the reports of Akpan et al.,
[17]; Akpan and Patrick [4], FAO, [27], FAO,
[23], and FAO, [28], Akpan et al., [14],
Akpan et al., [11], Akpan and Umoren [9] and
Betru and Kawashima [21].

Determinants of total ruminant meat
production in Nigeria

The empirical results indicate that the
combined ruminant meat (that is, consisting of
beef, chevon, and mutton) has a significant
negative inelastic relationship with the annual
inflation rate and a significant positive
inelastic correlation with the per capita
income and nominal exchange rate. The
following empirical researches support the
finding: Simo-Kengne et al., [36], Akpan et
al., [14], Akpan et al., [11], James et al.,
[31],and Fatimah et al., [29], FAO, [27],
FAO, [23], and FAO, [28], Akpan and
Umoren [9], and Betru and Kawashima [21].

CONCLUSIONS

Ruminant meats constitute more than 50% of
the total meat consumption in the country and
it is a key component of the livestock system.
From the available data, Nigeria is not self-
sufficient in animal protein production and
consumption. It is obvious that the rate of
annual growth in ruminant meat production is
insufficient to meet the minimum World
Health  Organization  animal  protein
requirement in the country. To upsurge animal
protein production and consumption in the
country, key macroeconomic variables have to
be stabilized in addition to other prerequisites.
The study estimated 1.156%, 6.694%,
6.032%, and 2.747% annual exponential or
compound growth rates in beef, chevon,
mutton, and combined ruminant meats
production respectively in  Nigeria. In
addition, the study establish that changes in

the annual inflation rate, per capita income
(GDP), and nominal exchange rate were
statistically  significant in  influencing
ruminant meats production in the country.
Based on these findings, it is recommended
that the country should moderate the rate of
annual inflation, improve the per capita
income and ensure a favourable exchange
rate.
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Abstract

Cassava production in the Southern region of Nigeria is seen as one of the prominent cultural practices of the
natives. The potentials of cassava derivatives and their value chains are enormous in reducing poverty and
triggering economic development in the region. Premised on these assertions, the study was designed to analyze the
gross margins of cassava farmers and determine factors that affect it in the southern region of Nigeria. In the study,
120 cassava farmers were randomly sampled using structured questionnaire. The descriptive analyses of the data
collected revealed that women dominated cassava production in the region. The farmers were moderately educated
with an average farming experience of 11.9 years, and average social capital accumulation, age, farm income,
gross margin, and farm size of 6.0 years, 44.3 years, N68, 694.17, N29, 793. 57 and 0.59 hectares respectively. The
empirical findings revealed that farmers’ age, education, farming experience, social capital, cassava cutting, and
farm size were significant positive determinants of cassava farmers’ gross margins while household size,
transaction cost and access to farm credit relate negatively. Based on the findings, it is recommended that youth
should be encouraged in cassava production as a way to augment the aging cassava population in the region. Also,
adult education should be encouraged among cassava farmers in addition to promoting moderate household size
among others.

Key words: gross margin, cassava, small-scale, farmers, Nigeria
INTRODUCTION compared to the world’s best practices [27,
33]. According to Akpan et al., [14], the crop
Cassava (Manihot esculenta) is one of the  can be processed into several derivatives such
most popular food crops grown in the as: garri, starch, fufu, cassava flour, and
southern part of Nigeria [19, 14, 38, 41]. The  cassava chips among others. Cassava tubers
crop is one of the widely consumed root crops  have excellent potential in livestock feed
in the country. Cassava production not only  formulation, textile industry, plywood, paper,
serves as a good source of food crop butalsoa  brewing, chemicals, pharmaceutical, and

major source of income and employment for
rural dwellers in Nigeria [26, 38, 4]. Based on
its wide acceptability, the crop is considered a
very powerful weapon against poverty in
Nigeria [28]. The crop is considered one of
the most productive and sustainable crops in
the Tropics [37]. Apart from its productivity
and dogged nature, the crop is easily
adaptable to various soil types, soil fertility
levels, and climatic conditions. Nigeria is the
largest producer of cassava in the world,
however, the current yield of 8.2MT/ha, as
opposed to a potential of 20-30MT/ha,
indicates that there exists inefficiency in
cassava production and technology used

bakery industries [40, 2]. Resulting from the
critical roles cassava production offered to
Nigeria’s economy, the government at all tiers
has enunciated and set up several policies and
programmes to boost its production in order to
meet the rising demand for the commodity
[24].

Following these interventions initiated by the
government, cassava production in the
southern  region of Nigeria is still
characterized by small-scale production,
largely subsistent, utilized obsolete tools, poor
varieties, and is affected by uncertainties of
rain as well as other exogenous constraints
inherent in arable crop production [13, 14].
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Several aspects of the crop agronomical
activities are still done with crude or
traditional tools. According to Udoh and
Akpan [43], and Akpan [6, 7] most small-
scale farmers are resource poor in Nigeria.
With rampaging general poverty and double
digits inflation rate as well as insufficient
credit facilities for the agricultural sector;
farm productivity and farm income are
seriously jeopardized in the country [44].
Additionally, with the increasing rural-urban
migration among Yyouths in the southern
region of Nigeria [17, 18, 3], the relative
scarcity of rural labour constitutes a serious
impediment to small-scale farmers in the
region [5, 31]. In a nutshell, a small-scale
farmer in the region is mostly challenged by
uncertainties in farm productivity, farm
output, farm income, and gross margins
including high level of macroeconomic
volatility [11, 10]. The extent an individual
farmer is able to cope with the cultural,
environmental, climaticc and economic
constraints in production in addition to the
level of resource endowment and technology
determined the level of investment in farm
production [43].

Cassava production in the southern region of
Nigeria has continued to suffer severe
setbacks due to various factors ranging from
continuous cropping emanated from land
fragmentation, high population density, high
cost of inputs, and soil deterioration thereby
hindering most farmers to attain the optimum
level of production [32, 17]. The inability of
farmers to adequately address these issues has
resulted in sub-optimal use of resources,
substantial loss of cassava output, and a
drastic reduction in profit/gross margins
accruable to farmers [15, 20]. This connotes
that, the sustainability of small-scale farm
enterprise is hinged on tackling the issue of
resource allocation problem with the aim of
maximizing farm returns. From another
perspective, the issue of deteriorating farmers’
welfare in developing economies is alarming.
Yet it is these farmers’ that produced almost
90% of farm products meant for consumption
in the region. Several submissions have
shown that more than 50% of the rural
farmers live below the national poverty line
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and are resource-poor [29, 36, 9, 12, 43, 22].
Given this report; it is pertinent to investigate
and document the nature of cassava gQross
margins, and the factors that influence it in the
southern region of Nigeria.

The reasons for the above assertions are
obvious; first, the cassava sub-sector provides
numerous employment opportunities to
people through its value chain activities in the
country. Secondly, it serves as a valuable
source of dietary energy for the majority of
people in Nigeria, particularly in the southern
part of the country. For instance, 80% of the
cassava tubers produced in Nigeria are
processed into various food products that are
consumed locally, and minimum quantities
are exported to neighboring African countries
[24, 21, 14]. Given that cassava is an
important staple food in the region and the
country at large, any attempt to increase its
production and the farmer’s productivity
would be the right step toward preventing
food crises in the country.

In the southern region of the country,
especially in Akwa lbom State, bold steps
have been taken to tap the potential of cassava
through its cassava competitiveness initiative.
As a result, some bakeries adopted the use of
10% cassava flour in the contents of their
bread. The Akwa Ibom State government also
participated in Fadama Il  additional
financing which targeted majorly cassava
production [42]. Also, Fadama micro-finance
Bank was established in the State for soft
loans for small-scale farmers in the State
among others. In spite of the government’s
good intentions regarding cassava production
in the State, especially in creating a
favourable production environment, the
performance of the State as regards increased
cassava production as a major revenue earner
has still not reached its full potential.
Furthermore, it is essential to understand the
socio-economic and demographic factors that
played leading roles in the production process
of cassava in order to achieve maximum
outputs and profit in the State. The generation
of such information is critical in developing

long-term  research  policies and in
understanding the  subsistence farming
situation.  Therefore, based on the
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aforementioned problems, this study sort to
analyze the gross margin of cassava farmers
and identify factors affecting it in the southern
region of Nigeria.

However, there are few studies that examined
the gross margins of arable crop farmers in
developing countries. For instance, Ridwan et
al. [39] examined the determinants of the
gross margin of the vegetable farmers in the
Iwo zone of Osun State of Agricultural
Development Programme (ASDP). The result
of the findings revealed that the labour cost,
cost of fertilizer, and cost of seed were the
main determinants of the gross margin in
vegetable production. Also, Akpan et al., [16]
analyzed the gross margins of manure and
fertilizer-based waterleaf (talinum
triangulare) farmers in Nigeria. The empirical
results showed that farmers’ education, farm
income, and gender had a significant positive
impact on the gross margin of organic manure
users while stem cost, household size,
membership in social organization, labour
cost, and farm credit showed a significant
negative effect. Also, farmers’ age, farm
income, and household size showed a positive
effect on the gross margin of fertilizer-based
farmers while education, marital status, stem
cost, social organization, labour cost, the
quantity of Waterleaf stolen, gender, and farm
size showed a significant negative impact.
Besides, household size, household dependent
ratio, and marital status have a negative
impact. Furthermore, Mersha, et al., [30]
identified factors affecting potato farmers’
marketing gross margin in central Ethiopia.
The empirical results showed that the
educational level of household head,
household size, potato cultivated land size,
quantity of potato produced, input cost,
livestock ownership, and access to market
information had a significant effect on
farmers’ household gross margin. In addition,
Abebe et al., [1] analyzed factors that affect
the profitability of smallholder common bean
producers in the central rift valley of Ethiopia.
The empirical results showed that distance
from the nearest market, farmers’ age, family
size, off-farm income, and fertilizer source
were the factors that influenced the
profitability of smallholder common bean

producers negatively; whereas, gender;
farming experience, group membership, and
target market channel had a positive
significant influence. In a similar vein,
Ehinmowo et al., [25] analyzed the
determinants of profitability among small-
scale cassava processors in  Southwest,
Nigeria. The empirical results indicated that
education, year of experience, access to
extension services, household size, cost of raw
materials, and types of cassava purchased
were the factors that significantly determined
profitability among cassava farmers. Oladoyin
et al., [35] studied the economic analysis of
cassava production in the Akoko area of Ondo
State, Nigeria. The results showed that the
majority (72.7%) of cassava farmers were
male and were within the mean age of 50
years; have a mean household size of 5
persons. The majority of the farmers are
married and had an average farming
experience of 13 years while about 82.0% of
the farmers had formal education. The cassava
farmers had an average farm size of 1.9ha.
The  empirical  result  showed  that
agrochemical, labour, farm input, and age
have a significant influence on the profit of
the cassava farmers. Oladeebo and
Oluwaranti’s [34] reported that household size
and farm size were the major significant
factors that influenced the profit efficiency of
cassava farmers. Akpan et al., [13] estimated
farm-level profit function and its determinants
among homestead-based cassava farmers in
the south-south region of Nigeria. The result
found that farmers’ education, experience,
household size, level of farming involvement,
extension agent visit, soil management
method adopted by farmers, and farm size
were significant factors affecting farm-level
profit efficiency. Akpan et al., [19] estimated
translog stochastic profit function for cassava-
based farmers in the southern wetland region
of Cross River State, Nigeria. The findings
showed that level of farming involvement,
farmer’s education, ability to predict rainfall,
farming experience, household size, soil
management technique adopted, extension
agent visits, and farm size were significant
determinants of profit efficiency of cassava-
based farmers. Akpan et al., [8] used a
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stochastic production frontier function to
estimate farm-level technical efficiency and
its determinants among cassava-based farmers
in Oruk Anam Local Government Area of
Akwa lbom State, Nigeria. The descriptive
analysis of cassava farmers revealed an
average age of 45 years, and household size of
6 members. About 68% of cassava farmers
were poor, while farmers' average years of
social capital formation and education stood at
1.08 years and 9 vyears respectively. The
empirical results showed that, farmers'
farming experience and membership in social
organization were positive drivers of technical
efficiency among cassava farmers in the State.
Alternatively, farmers' age, household size,
gender, and poverty status were identified as
negative movers of the technical efficiency of
cassava farmers.

From the literature review, it is clear that there
is an overwhelming need to update available
information on the gross margins of small-
scale farmers in the southern region of
Nigeria. Again, given the critical role cassava
production plays in the self-food sufficiency
program of the federal government and the
southern region of the country in particular, it
is pertinent to analyze the gross margin of
farmers being one of the indicators of
agricultural sustainability.

MATERIALS AND METHODS

Area of study

The study was conducted in Uyo agricultural
zone in Akwa Ibom State in the southern
region of Nigeria.  The State has six
agricultural zones namely: Uyo, Oron, Eket,
Ikot Ekpene, Etinan, and Abak. Uyo
Agricultural zone consists of the following
local government areas; Uyo, Ibesikpo Asutan,
Itu, Uruan and Ibiono Ibom Local
Government Areas [16]. The average rainfall
in the Uyo zone ranges from 2,000mm and
3,000mm per annum. Uyo has two
identifiable seasons; which are the rainy and
dry seasons. The average annual temperature
and relative humidity in Uyo agricultural zone
range from 26°C to 27°C and 75% to 95%
respectively. The zone is blessed with
abundant mineral resources including gravel,
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silica sand, clay etc. Crops widely grown in
the zone are cassava, leafy vegetables such as
waterleaf, fluted pumpkin, and garden egg.
Others include maize, yam, pepper, plantain,
and cucumber. Some households grow cash
crops such as oil palm, rubber, and cocoa [16].
Sources of data and instrument for data
collection

Primary data consisting of socio-economic
features, production and marketing data
among others was used in this study. A well-
developed structured questionnaire was used
to elicit information from the respondents.
The respondents were cassava farmers who
practiced either sole or mixed cropping
system.

Personal interview of the key informants was
also conducted to ensure the consistency and
accuracy of the data collected.

Sample size selection

Following Cochran [23], a representative
sample size from a large population of
cassava farmers in the Uyo agricultural zone
was obtained using the equation (1) specified
as thus:

z?p(1— p)

where: Sy is the required sample size from a
large population; “Z” is the standard normal
variate (at 95% confidence interval, type 1
error; 1.96). “P” is the expected proportion of
cassava farmers in the population (From the
record of the Akwa Ibom State Agricultural
Development Programme “AKADEP” about
92% of farmers in the Uyo agricultural zone
cultivate cassava either as full-time or part-
time farmers). “D” is the absolute error or
precision at 5% type 1 error. The sample size
is derived as shown in equation 2.

_(1.96)20.92(1 — 0.08)
no (0.05)2 B

113 ....(2)

To obtain a more representative and
proportional sample among selected villages,
the sample size was increased to one hundred
and twenty (120) cassava farmers.

Sampling procedure and sample size

The first procedure was the use of simple
random sampling method to select three
LGAs from the six LGAs that constitute the
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Uyo agricultural zone. The selected LGAs are
Itu, Uyo and Ibesikpo. The second stage
involved the use of simple random sampling
method to select five villages from each of the
previously selected three LGAs. In the
selection of the villages, emphasis was given
to those villages noted for intensive
production of cassava. A total of 15 villages
from three local government areas were
selected and used for data collection. In the
third stage, the simple random sampling
method was used to select eight (8) cassava
farmers from each of the fifteen villages. A
grand total of one hundred and twenty (120)
cassava farmers (forty (40) from each of the
three LGAs) were selected and used in the
study.

Analytical Techniques

The determination of the gross margin of
Cassava farmers

The gross margin estimated for smallholder
cassava farmers is defined as follows:

GM = Total Revenue — Total variable Cost.... (3)

The total revenue consisted of annual revenue
(i.e. Revenue for one full production cycle)
from cassava tubers and stem sales. The total
variable cost consisted of annual costs of
labour, weeding, manure/fertilizer, land
clearing, planting materials as well as
transportation cost. The estimation of the
gross margin serves as a profit index for
cassava farmers. As it is conventional, the
higher the Gross margin, the more profitable a
farm is likely to be, and the smaller the Gross
margin, the lesser the profitability.
Determination of factors affecting the gross
margin of small — scale Cassava farmers

A multivariate regression model based on the
Ordinary Least Squares estimation method
was used to determine factors affecting the
gross margin of cassava farmers in the region.
The choice of the model and estimation
method was based on the fact that all
dependent variables were greater than zero.
Implicitly, the specified model is expressed as
thus:

GMA = @, + ®,AGE + @,EDU + @;MAR
+ @,HHS + OsEXP + 9,SOC
+ @,CUT + @oFAS + 0,,TRA
+ @1,GEN + ¢,,CRE

where:

GMA = Gross margin of cassava farmer (Naira) in
one production cycle

AGE = Age of a farmer (years)

EDU = Education of a farmer (years)

MAR = Marital status (dummy: 1 for married and
0 otherwise)

HHS = Household size (number)

EXP = Farming experience (year)

SOC = Member in social organization (year)
CUT = Cost of planting materials (Naira)

FAS = Land size (hectares)

TRA = Transportation cost (naira)

Sex = Sex of a farmer (dummy: 1 for female and
0 otherwise)

CRE = Access to farm credit (amount in Naira)

RESULTS AND DISCUSSIONS

Socio-economic characteristics of cassava
farmer

The social and economic characteristics of
cassava farmers were analyzed and the results
are presented in Table 1. The analyses
revealed that the majority of the cassava
farmers (70.80%) were females. The farmers’
age showed an aging population with the
majority (35.80%) greater than 50 years and a
mean age of 44.3 years. The majority (67.40%)
of the farmers were married. The mean
farming experience of 11.9 years was
obtained in the sample population. This
implies that the majority of the cassava
farmers are well experienced and this is a
fundamental  precursor  for  innovation
adoption. It is also observed that the majority
(98.40%) of the farmers are literate with an
average year of learning of 13.1 years. Thus,
the literacy level of cassava farmers is an
enhanced opportunity for them to increase
farm productivity. Furthermore, the social
capital formation is averaged at six years. This
implies that cassava farmers are socially
oriented. In addition, an average household
size of five members was discovered which
means that family labour is important in
cassava production. The analysis of the
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secondary occupation revealed that all cassava
farmers have complementary livelihood
sources. This means that the occupational

diversification tendency is very high among
small-scale farmers in the southern region of
Nigeria.

Table 1. The Socio-economic characteristics of cassava farmers

Characteristic | Freq. | Y% Characteristic | Freq. | Y%
Farm income per year (Naira) Distribution of Secondary occupation
<10,000 0 0.00 Civil Servant 16 13.50
10,001-20,000 37 30.80 | Pensioner 38 31.60
20,001-40,000 10 8.30 Artisan 2 1.60
40,001-60,000 10 8.30 Okada /Bus driver /Keke driver 6 5.00
60,001-100,000 37 30.80 Trading on Large Scale 5 4.20
>100,000 26 21.80 | Fishing 12 10.00
Total 120 100.00 | Petty Trading 41 34.10
Mean 68,694.17 Total 120 100.00
Marital Status of Farmer (number) Age Distribution (Years)
Single 35 29.20 | <20 1 0.80
Married 81 67.50 | 20-30 23 19.20
Divorced 1 0.80 31-40 32 26.60
Widow 3 2.50 41-50 21 17.60
Total 120 100.00 | >50 43 35.80
Farming Experience (Years) Total 120 100.00
<1 0 0.00 Mean 443
1-5 51 42.40 Educational Qualifications (years)
6-10 26 21.70 No schooling 2 1.60
11-15 8 6.70 Primary 4 3.40
16-20 9 7.60 Secondary 93 77.50
>20 26 21.60 | Tertiary 21 7.50
Total 120 100.00 | Total 120 100.00
Mean 11.9 Mean 13.1
Membership of Social Organization (years) Mode of farmland acquisition
<1 71 59.20 Inheritance 82 68.30
1-5 10 8.30 Leased 22 18.30
6-10 7 5.80 Contract 1 0.80
11-15 6 5.20 Purchase farm 10 8.50
16-20 20 16.60 | Cooperative farm 3 2.50
>20 6 4.90 Community farmland 2 1.60
Total 120 100.00
Mean 6.0 Total 120 100.00
Gender (number) Farm Size (hectare)
Male 35 70.80 Less than 0.200 14 11.67
Female 85 29.20 | 0.201-0.400 27 22.50
Total 120 100.00 | 0.401 —-0.600 42 35.00
0.601 —0.800 30 25.00
Family Size of Respondents (number) 0.801 —1.000 5 4.17
1-5 72 60.00 | Greater than 1.00 2 1.67
6-10 48 40.00 | Total 120 100.00
>10 0 0.00 Maximum 1.50 ha
Total 120 100.00 | Minimum 0.10 ha
Mean 5.0 Mean 0.59 ha

Source: compute by author, data from field work 2021.

About 98.33% of the cassava farmers’
farmlands were less than one hectare, while
the popular mode of land acquisition was
through inheritance or family land. However,
the average annual farm income of NG68,
694.17 implies that most of the small-scale
farmers in the region are resource-poor.
Oladoyin et al., [35] and Akpan et al., [8]
have reported similar results previously.
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The determination of the gross margin of
Cassava farmers

The results in Table 2 shows the frequency
and percentage distribution of the gross
margin of cassava farmers. The results
revealed that majority (35.80%) of the farmers
earned gross margin less than N10, 000. This
clearly justified the small scale nature of
cassava farmers in the study area. Only 0.80%
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of the farmers generated farm income in
excess of N100, 000.00. From the distribution
of the gross margins, it is obvious that each
farmer contribute insignificant share to the
market supply of cassava. It is also likely that
most cassava farmers devoted good
proportion of their produces for home
consumption while the minor portion is given
out for sales.

Table 2. Gross margin distribution of cassava farmers

s/n Annual  Gross  margin | Freq. %
range (N)

1 Less than 10,000 43 35.80
2 10,001 — 20, 000 20 16.70
3 | 20,001 -40, 000 19 15.90
4 | 40,001 — 60, 000 25 20.80
5 | 60,001 —80, 000 10 8.30
6 | 80,001 -100, 000 2 1.70
7 Greater than 100, 000 1 0.80
8 | Total 120 | 100.00
9 Mean 29,793.57

Source: compute by author, data from field work 2021.

Moreover, a mean gross margin of N29,
793.57 was estimated for the cassava farmers.
However, the result further revealed that all
cassava farmer earned positive gross margins.
The findings imply that cassava production
has potentials to generate stream of incomes
and profits if farm resource are harnessed in
an efficient manner. Another implication of
the result is that, with efficient management
technique, farm productivity can be enhanced

within the frame work of small scale
production.
Determinants of the gross margin of

Cassava farmers

The factors that influence the gross margin of
cassava farmers are presented in Table 3. The
diagnostic statistics of the estimated equation
revealed the at R — squared value of 0.5192,
which implies that about 51.92% of the
variability in gross margins of cassava farmers
is connected to the specified explanatory
variables.

This means that important variables that affect
the gross margin of cassava farmers were
included in the specified OLS model. The F —
calculated value of 10.60 is statistically
significant at 1.00% probability level. This

means that the estimated gross margin
equation has a goodness of fit. The null
hypotheses are not rejected for the Breusch-
Pagan test of heteroscedasticity and normality
of the residuals. These imply that there are no
significant issues of heteroscedasticity and the
use of Ordinary Least Squares estimation
method is justified. The null hypothesis for
the RESET test is not rejected, hence the
estimated equation has structural rigidity. The
magnitude of the variance inflation factor
(VIF) shows that there is no significant
presence of collinearity among explanatory
variables.

The empirical results indicate that the
coefficient of age is positive and significant at
1% probability level. This implies that
farmers’ age has a strong positive relationship
with the gross margin. By implication, it
means that a 1 % increase in the age of
cassava farmers would increase the gross
margin by N292.30. The plausible reason for
the result could be that older farmers are more
experience and hence will adopt techniques
that will help them allocate and combine farm
resources efficiently. The finding corroborates
the report of Akpan et al., [16]; Abebe et al.,
[1] and Akpan et al., [8].

The result further revealed that the coefficient
of education has a positive significant
relationship with the gross margin of cassava
farmers. The result showed that an increase in
a year of formal education will cause about
NO946. 91 increase in the gross margin of
cassava farmers. The increase in years of
formal education enhances the ability of a
farmer to search and use new technology in
addition to better market opportunities. Also,
access to credit facilities is also enhanced by
the level of literacy of the applicant. The
findings are in consonance with Akpan et al.,
(2012); Akpan et al., [16]; Mersha, et al., [30];
Ehinmowo et al., [25]; Akpan et al., [13];
Akpan et al., [19].

The result also revealed that the increase in
farmers’ household size impacted negatively
on their gross margins. The result showed that
a number increase in the household size will
reduce the gross margins by N1,852.83.
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Table 3. Factors that affect the gross Margins of Cassava Farmers

Variable Coefficient Std. Error t-ratio p-value VIF
Constant 6,083.32 14,393.8 0.4226 0.6734 -
Age of a farmer 292.304 105.311 2.776%** 0.0074 2.075
Education 946.908 419.863 2.255** 0.0395 1.275
Marital status —603.001 4,846.09 —0.1244 0.9012 1.447
Household size —1,852.83 910.708 —2.034** 0.0444 1.247
Farming experience 41.8836 22.546 1.858* 0.0696 2.524
Socialization 23.8788 13.071 1.827* 0.0725 2.386
Cassava cuttings 0.197564 0.104439 1.892* 0.0612 2191
Farm size 35,042.3 10,548.2 3.322%%* 0.0012 2.539
Transportation cost —2.7563 0.979621 —2.814*** 0.0058 2.074
Gender 1,503.45 4,585.02 0.3279 0.7436 1.220
Access to credit —-27,617.9 9,606.35 —2.875*** 0.0049 1.035
Diagnostic Tests
R-squared 0.5192 Normality test 1.9869 (0.8745)
F(11, 108) 10.6036*** RESET test 1.2934(0.2786)
Breusch-Pagan test 1.4532 (0.7491) Adjusted R-squared 0.4703

Source: from data analysis using Gretl econometric software. The asterisks “**, “*** and “*** shows significance at

10%, 5% and 1% probability level respectively’.

This relationship could be explained by the
fact that farmers with large household size
will likely met the financial obligations of
their large family members rather than farm
investment. The decision will likely lower
farm investment, leading to lower input
productivity and lower vyields as well as
lower-income and gross margin. Oladeebo
and Oluwaranti [34]; Akpan et al., [16];
Mersha, et al., [30]; Abebe et al., [1];
Ehinmowo et al., [25]; Oladeebo and
Oluwaranti [34]; Akpan et al., [13]; and
Akpan et al, [19] confirm this report
previously.

The coefficient of social capital formation is
positively related to the gross margin of
farmers. The findings revealed that a year
increase in social capital formation will lead
to about N23.88 increase in the gross margin
of farmers. This could be as a result of the fact
that farmers who belong to social groups have
more avenues to interact with others thereby
facilitating marketing and innovation usage.
The finding agrees with Akpan et al., [16] and
Abebe et al., [1].

Furthermore, the result revealed that access to
farm credit correlates negatively with the
gross margin of cassava farmers. It showed
that increased access to farm credit will lead
to about N27,617.9 decrease in the gross
margin of farmers. This perhaps could mean
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that as farmers’ access to farm credits
increase; farmers will likely benefit from
economies of scale that could lead to increase
in the production cost and lesser gross margin.
The issues of interest rate charge could also
explain the result discussed above. Servicing a
high-interest rate would reduce farm total
income. Similar submission has been given by
Akpan et al., [16].

The finding further reveals that farm size has
a significant positive relationship with the
gross margin of cassava farmers. It implies
that as farmland increases, it leads to an
increase in the gross margin by N35,042.3, at
1 % level of probability. This can be
explained by the fact that an increase in farm
size would lead to an increase in output and
corresponding gross margins. The finding
align with the submission of Mersha, et al.,
[30]; Oladeebo and Oluwaranti [34]; Akpan et
al., [13] and Akpan et al., [19].

The result also reveals that cassava cuttings
have a positive relationship with the amount
of gross margin earned. The results showed a
unit increase in the cassava cuttings will result
to the increase of the gross margin marginally
by NO0.19 at 10% probability level. This result
implies that as the cassava cuttings increase
the gross margin of the farmer also increases.
This can be as a result of increase in the plant
population. Ridwan et al. [39]; Akpan et al.,
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[16]; Mersha, et al., [30]; and Ehinmowo et al.,
[25] have reported similar result.

The result further reveals that an increase in
transportation costs has a negative significant
effect on the gross margin of the cassava
farmers. That is, an increase in the cost of
transportation will lead to a decrease in the
gross margin. It implies that a unit increase in
transportation cost, will leads to a decrease in
the gross margin by N2.76, at a 1 % level of
probability.

The coefficient of farming experience has a
positive significant relationship with the
cassava farmers’ gross margin. A unit
increase in the farming experience would
trigger about a N41.88 naira increase in the
farmers’ gross margin. An increase in farming
experience has a strong correlation with
innovation adoption and the educational level
of small-scale farmers. A farmer with an
increase in farming experience has a very high
tendency to avert risks in farming. Aversion
of risks and uncertainties reduces production
costs, while boosting total farm revenue. The
finding is supported by Abebe et al., [1];
Ehinmowo et al., [25]; Akpan et al., [19] and
Akpan et al., [8].

CONCLUSIONS

Cassava production in the southern region
(rainforest belt region) Nigeria is an integral
part of the native culture, hence a veritable
tools to combat rural poverty and ensuring
self-food sufficiency in the region.

Therefore its sustainability and the future
investment are conditioned on developing a
sound policy framework based on empirical
investigations.

As part of the contributions to develop a
sustainable cassava production enterprise in
the region, the study analyzed one of the
indicators or indexes of sustainability known
as the “gross margin”.

The findings have revealed that women
dominate cassava production population in the
region, and the average population of cassava
framers are moderately educated with more
than a decade of farming experience and are
in their active ages.

The findings further identified inheritance as
the most popular mode of farmland
acquisition while average farmland was less
than one hectare and job diversification
capacity was prominent.

The nature of the gross margins generated
revealed great potential for improvement.
The empirical findings revealed farmers’ age,
education, household, farming experience
social capital, transaction cost, access to
credit, and farm size including cassava
cuttings as importance factors influencing
gross margins of cassava farmers in the
southern region of Nigeria.

Based on the empirical results, the following
recommendations are  prerequisites  to
achieving sustainability in the earned gross
margins in cassava production:

(a)Youth should be encouraged to cultivate
cassava and participate in its value chain as a
business enterprises and to augment the
current aging cassava population in the
region.

(b)The study showed that advancement in
education is an incentive that enhances gross
margin among cassava farmers, hence adult
education should be encouraged especially
among rural based farmers.

(c)Moderate households size should be
encourage among cassava farmers through
child spacing and family planning
programmes for rural based farmers.
(d)Subsidies on cassava cutting is encouraged
as this will help to reduce production costs.
(e)Social capital formation is one of the
prerequisites for enhancing gross margins,
hence this should be encouraged among
cassava farmers in the region.

(FProvision of credit with minimum interest

rate to cassava farmers is highly
recommended.
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Abstract

The role of a higher education institution is to train specialists who have the necessary skills for their integration
into the labor market. The Faculty of Management and Rural Development is one of the 7 faculties of the University
of Agronomic Sciences and Veterinary Medicine in Bucharest and which, through the mission and objective, it has
proposed as the university curriculum to increase the quality of the didactic act with the aim of training specialists
who can integrate into the current knowledge-based society, specialists who can assume responsibilities, be
creative, original, flexible, adaptable, with an analytical thinking, innovative and able to run businesses, so that
the motto of the faculty is "Preparing to lead!". The new challenges facing today's society make higher education
institutions rethink their priorities, having to continuously adapt to meet the challenges that accompany modern
society. Therefore, they need modern teaching-learning-evaluation strategies, which respond to the changing
requirements and require a digital transformation. The experience gained during the Covid-19 pandemic has
accelerated progress in this direction, but more is needed so that the needs of young people raised in a digital
society, with digital needs and digital skills can be met. The present study aims to measure the perception of the
Faculty of Management and Rural Development students regarding the extent to which digital technology has been
applied in the online teaching-learning-evaluation process and its effectiveness. The research methodology assumed
the analysis of specialized literature regarding the use of digitization in the application of modern methods in the
teaching-learning-evaluation process. The case study was carried out starting with a questionnaire that contained
15 questions addressed to the students of the Faculty of Management and Rural Development. The processing of the
answers was carried out with the help of statistical methods, and the results obtained after their interpretation
showed that both the teaching staff and the students adapted quite quickly to the online education system. The
teaching-learning methods were varied, as were the learning tools used. Among the strong points of online
education were flexibility, accessibility, and a variety of methods used in the teaching-learning activity, and among
the weak points were identified: maintaining the students' attention during the teaching-learning activity, time
management, or the level of digital skills of the teaching staff..

Key words: teaching-learning-evaluation methods, online education, digitization

INTRODUCTION the one hand to its modernization and

development, and on the other hand to the
In a modern society, which registers an  development of skills that make it possible to
increasingly alert pace of development, integrate graduates into the labor market. And
digitization becomes one of the most this time globalization can be brought into the
important elements of the development of all  discussion, as a phenomenon that has
the society's systems, and education, as itstop  contributed to the change of society's
sector, must constantly adapt to these changes.  development perspective and which is closely
Digital technologies have an important role in  related to the structural changes of the labor
improving the didactic process within higher  market that have led to the transformation of
education institutions, which contributes on higher education, to the need for its
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modernization and transition to digitization.
The consequences of globalization are related
to technological progress, to how it
determined the development of economies
and demographic development, with direct
effects on the labor market [9]. On the other
hand, economic growth is influenced by
innovation [8], by the use of modern research
technology, which aims at innovation and
which benefits from the most modern
technologies, i.e. digitization.

The digitization of education has been debated
for a long time, trying to find answers
regarding its effectiveness. Therefore, new
forms of education have appeared (e-
Learning, blended learning, etc.), different or
combined with the classic systems, and which
have come to the aid of people who wish to
continue their education, but who, due to valid
reasons (age, existing a job, social, economic
reasons, etc.) would not have been able to do
this [3]. These new forms of education
involved both new educational resources and
pedagogical methods adapted to the new
conditions.

According to Aboagye et al., there is a
difference between teaching, which can be
done inside or outside the classroom, and e-
learning or blended learning, as formal
learning systems that are done with the help of
computer technology and the Internet [1].
These systems were applied during the Covid-
19 pandemic out of the need to quickly
respond to the need to resume the education
process and out of the desire to face the
challenges and shortcomings that
accompanied that period.

One of the few positive aspects of the Covid-
19 pandemic was the development and use of
technologies that allowed traditional activities
to migrate online. These have allowed both
work and education to take place remotely.
Educational institutions went through a rapid
experiment and had to adapt to these
conditions, which brought unprecedented
progress not only in the field of technology
but also in that of pedagogy, which in turn
became digital [14].

In this way, technology, and digitization were
the ones that prevented the collapse of the
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educational system, but also of other aspects
of life [13].

Online education has not appeared yet,
because, at least in higher education, it has
been practiced for a long time in the form of
open distance education, blended learning,
etc. which have granted certain flexibility in
terms of teaching-learning-evaluation to
respond pedagogically to the needs of
students, without these processes being
restricted by time, space or distance [6, 11].
And the development of such systems can
only be possible through the development of
digitalization, which can represent a factor of
progress, but equally can lead to a decrease in
the efficiency of the educational process when
it is not adapted to the needs of students and
teaching staff. Along with these changes,
there is also a change in the role of the teacher
who becomes a learning facilitator, mentor,
and research partner who offers students the
opportunity to acquire the skills they need,
innovating and developing new teaching
methods taking into account the learning
needs of students, by the learning context, but
also by their individual interests [7].

The success of online education, therefore,
depends not only on the existence of
platforms, technology, and digitization but
also on the implementation of the principles
of modern pedagogy, on respecting
confidentiality, the rights of individuals, etc.
No matter how efficient the technologies used
in the educational process are, they cannot
replace the pedagogical part, which must
subordinate digitization [17].

The learning activity during the Covid-19
pandemic can be considered experiential
learning because the students operated with
experiences, and concepts, checking the
implications that their use had in achieving
the objectives. This process is complex, and it
could not be optimal without the use of
suitable pedagogical methods, because it
would complicate the instructive-educational
activity, which could lead to abandonment [2].
The success of online education, from a
pedagogical point of view, is ensured on the
one hand by personalization, authenticity, and
collaboration [5, 12], and on the other hand by
the use of technology to support pedagogy.
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These elements improve both the learning
experiences and the students’ motivation to
achieve the objectives [4, 15].

Digitization of education is a complex
process, which, in addition to ICT tools, also
requires new teaching methods that lead to the
improvement of the quality of education.
Therefore, digitization and the structure of the
curriculum are interdependent elements,
because any technological change is
accompanied by new requirements regarding
the contents and pedagogical methods used
[16].

In Romania, the problem of digitization is not
a new one, its foundations were laid in 2016
through the "Educated Romania" project,
which involved a public debate and which
carried out the projection of the future,
imagining its challenges for the present
society [10]. The 15 education
transformations included in the public debate
were proposed for the next period, until 2030.
Therefore, the digitization of education had
begun before the onset of the Covid-19 crisis,

which represented a way to face new
challenges, accompanied by numerous
difficulties.

To the same extent, however, the return to the
classical education system, after the online
period, affected the way education is carried
out.

MATERIALS AND METHODS

The research methodology assumed, on the
one hand, the analysis of the specialized
literature regarding the use of digitization in
the development of higher education, and on
the other hand, a quantitative study carried out
by applying a questionnaire consisting of 15
questions to the target group.

The target group was represented by the
students of the Faculty of Management and
Rural Development, from years 11, 11I, and IV.
During the survey, a sample was not created,
but a questionnaire was developed that was
completed online by the students.

The questionnaire was applied between May
and June 2022, and the number of respondents
was 131.

The evaluative questions on which the study
was based were the following:

Q1-Did you participate in online courses and
seminars?

Q2-What was the level of attendance at the
online courses and seminars?

Q3-Did you manage to adapt to the form of
online teaching-learning?

Q4-What was the effectiveness of online
teaching-learning?

Q5-Were interactive teaching methods used in
the teaching process?

Q6-What was the degree of use of these
methods?

Q7-What were the resources used in the
online teaching-learning process?

Q8-Which of the following tools were used in
online teaching-learning?

Q9-How were the workloads received for the
online activities?

Q10-How satisfied were you with the
effectiveness of online teaching?

Q11-What were the main obstacles in the
transition to online education?

Q12-What were the main advantages of online
education?

Q13-What will you miss the most during
online interaction compared to face-to-face
teaching?

Q14-Can the online teaching-learning activity
replace the face-to-face activity?

Q15-What were the problems that arose with
the online assessment?

To answer these questions, the questionnaire
covered the following aspects:

* the quality of the instructional-educational
activity;

» online teaching-learning results;

 the effects, at the individual level, of the
online teaching-learning system;

The assessment limits were given by:

* the collected information that was, in
general, at the level of perceptions;

« the survey was based on a questionnaire that
was carried out only for students, data were
not collected from teaching staff;

» the difficulties of attributing the effects
declared by the respondents;

* lack of control groups.

* data analysis was done only through
descriptive statistical methods.
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Characteristics of the group of respondents

32 students from the second year, 51 students
from the third year, and 48 students from the
fourth year answered the questionnaire. Data
processing was done using statistical methods,
the results being then presented through the
interpretations, tables, and graphs in the

paper.
RESULTS AND DISCUSSIONS

The present study was carried out based on
data collected with the help of a questionnaire,
which included 15 questions related to the
learning experience of the students of the
Faculty of Management and Rural
Development during the Covid-19 pandemic.
The demographic data regarding the
respondents are presented in table 1, noting
that 63% of the respondents were women, and
37% were men. The distribution by years of
studies shows that 39% of the respondents are
students in the third year of study, 37% in the
fourth year, and 24% in the first year of study.

Table 1. Demographic information

Type Frequency Y%
Sex Female 82 62.60
Male 49 37.40
Year of ] 32 24.42
Study Il 51 38.93
\Y/ 48 36.65

Source: own processing.

To the first question: Have you participated in
online courses and seminars? we note that all
respondents participated in online activities
during the Covid-19 period, this being the
mandatory condition for the promotion of the
academic year. At the same time, another
reason for participating in the online activities
was the novelty of the system and the
possibility of interaction with colleagues and
teaching staff at a time when everyone was
isolated.

To question no. 2: What was the degree of
attendance at the online courses and
seminars? we find that 59% of the students of
the Faculty of Management and Rural
Development had a presence between 76-
100% regarding the courses and seminars held
online, while 17% of them had a presence
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between 25-50%, the reasons being related to
the existence of a job, the occurrence of
technical problems or the lack of electronic
devices that would allow them to log in under
good conditions for attending classes or

seminars (Figure 1).

59% 24%

= 25-50% =51-75% = 76-100%

Fig. 1. Share of participation in online activities
Source: own processing.

To question no. 3: How did you adapt to the
form of online teaching-learning?, we find
that of the total number of respondents, 21%
adapted very easily, 61% adapted easily, and
18% adapted moderately to this form of
teaching-learning. Although in the
questionnaire there were also difficult and
very difficult options, they were not chosen as
answers. Thus, we find that the students had
no difficulties in adapting to the new system,
in this sense their digital skills were useful to
them (Figure 2).

18% ‘

\ 61% ’

= Very easy Easy Moderate

Difficult = Very difficult

Fig. 2. The situation of students' adaptation to the
online teaching-learning system
Source: own processing.

Question no. 4 referred to the efficiency of the
teaching-learning activity carried out in the
online system.



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

Vol. 22, Issue 4, 2022
PRINT ISSN 2284-7995, E-ISSN 2285-3952

From the answers collected based on the
questionnaire, we find that 9% of the students
consider that the efficiency of the teaching
activity was less than 25%. Most of them
(48%) believe that the efficiency was between
51-75%, while 22% of the students believe
that it was over 75% (Figure 3).

\ 48% ’

=0-25% =26-50% =51-75% = 76-100%

Fig. 3. The situation of the effectiveness of online
teaching-learning
Source: own processing.

To question no. 5: Were interactive teaching
methods used in the teaching process? 87% of
the respondents believe that such methods
were used, while 13% believe that they were
not used.

To question no. 6. Regarding the degree of
use of the methods in the online teaching
activity, 17% of the respondents considered
that the use of these methods was below 25%,
while 20% considered that the interactive
methods were used in a higher proportion of
75%.

20% ’

= 0-25% =26-50% =51-75% = 76-100%

Fig. 4. Share of the use of interactive teaching methods
Source: own processing.

At the same time, 32% of students,
respectively 31% considered that interactive
methods were used in proportions between
26-50%,  respectively  51-75%,  which

demonstrates the fact that, in general, students
considered the teaching activity as being an
interactive one (Figure 4).

To question no. 7: What were the resources
used in the online teaching-learning process?
the answers received showed that different
educational resources were used during the
teaching-learning activity.

We find that all the responding students used
the university's platform. 92% of them
communicated with the teaching staff by
email, as a result of the fact that the course
and seminar materials were sent to them in
this way. A share of 76% of students used the
Google Classroom platform, and 78% of them
used the Google Meet platform. The least
used resource was the Microsoft Teams
platform, with only 22% of students using it
(Figure 5).

Microsoft Teams
Google Meet

B 2o
R 5

Google Classroom 76%

Y :00%
LB

0% 20% 40% 60% 80%100%

The university platform

E-mail

Fig. 5. Share of the use of educational resources
Source: own processing

To question no. 8. Regarding the means used
in online teaching-learning, the students
appreciated that in 92% of cases different
digital materials were used (PPT, Prezi, etc.),
and 42% appreciate that they were involved in
didactic games (Tenty questions, Pictionary,
Taboo, etc), 37% used different learning
platforms (Kahoot, Socrative, Gimkit, etc),
and 2% used other teaching-learning means.
To question no. 9: How do you rate the tasks
received for the online activities?, the answers
show that 58% of the responding students
considered the tasks as attractive, and 35% of
them as unattractive. 7% of them were
undecided about answering (Figure 6).
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7%

N

N

= Unattractive

= Attractive | do not know

Fig. 6. Assessment of the degree of attractiveness of
work tasks
Source: own processing.

To question no. 10: How satisfied were you
with the effectiveness of online teaching?, 2%
of respondents were dissatisfied, and 7% were
not satisfied, considering that online teaching
was not effective for them. On the other hand,
43% of the respondents were very satisfied,
26% satisfied, and 22% moderately satisfied,
which indicates that in general, both students
and teachers managed to switch to the online
teaching system in a short time and adapt to
this new experience (Figure 7).

% 2%

A

= Very satisfed = Satisfied Moderate

Little satisfied = Dissatisfied

Fig. 7. Degree of satisfaction with the online teaching-
learning activity
Source: own processing

Questions 11 and 12 tried to identify the
strengths and weaknesses related to online
teaching, as they were perceived by the
students of the Faculty of Management and
Rural Development.

Regarding the weak points of the online
teaching process, the answers were, in the
order of the answers offered, the following:
the efficiency of maintaining the students'
attention/motivation/involvement  in  the
teaching activity; time management; the
teacher's access to technology; the low level
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of digital skills of the teacher; student access
to technology; other causes; the low level of
digital skills of the student (Figure 8).

Maintaining students'.. A 729%
Time management A 53%
Teacher access to. .. D 42%
The low level of digital.. [ 37%
Students' access to... D 28%
A 229

The low level of digital... [ 9%

Other reasons

Fig. 8. The weak points of online teaching
Source: own processing.

The strong points of online teaching were
represented, in the order of the assessments
made by the students, the following:
flexibility; accessibility; ease of use of
technology; the variety of work tools;
innovation; autonomy and motivation; other
reasons (Figure 9).

Flexibility TS 0%
Accessibility TG 929,
A 33%
A 67%
A 51%
A 42%

Other reasons T 13%

Ease of use
Variety of work tools
Innovation

Autonomy and motivation

Fig. 9. Strengths of online teaching
Source: own processing.

To question no. 13: What did you miss the
most during online interaction compared to
face-to-face  teaching?, most of the
respondents (57%) considered that interaction
with colleagues was what they missed; 45%
considered that interaction with teachers was
what they lacked; 19% considered it a
learning space and the fact that they had to
share the same space with other colleagues
(those from the student dormitories) or with
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other family members, was what disturbed
their educational process.

17% of the students had various other reasons
or causes, and 9% of them considered that
they lacked all these aspects (Figure 10).

Interaction with. . ) 57%

Interaction with teachers T 450,
The learning space D 19%
Other reasons T 17%
All variants 0 9%

0% 20% 40%  60%

Fig. 10. The aspects that were missing during the
online activities
Source: own processing.

To question no. 14. When asked about the
possibility of replacing the face-to-face
teaching-learning activity with the online
teaching-learning activity, only 2% of the
respondents believed that this could not be
possible, while 47% of the respondents
believed that this may be possible, and 51%
considered that the 2 categories of activities
can be complementary.

To question no. 15. The last question of the
questionnaire tried to identify the difficulties
of the respondents regarding the assessment
activity carried out online.

Thus, it was found that most problems were
technical, but in a proportion of 9%, there
were also problems related to understanding
the subjects.

At the same time, 23% of the respondents did
not have any problem with the online
evaluation (Figure 11).

Technical issues P 54%

J 230
B o
%

No problem occurred

Difficulties related to
understanding the subjects

Insufficient time

Fig. 11. The aspects that were missing during the
online activities
Source: own processing

CONCLUSIONS

The Covid-19 pandemic has demonstrated the
fact that digitization is becoming more and
more important, contributing to the
modernization of  education, to the
development of new skills that will help
future graduates to adapt to the conditions
imposed by the labor market.

The current study showed that one of the
problems related to online education was that
of training, involving students in participating
in the teaching activity.

The teaching-learning methods used were
varied, as were the means of learning. Among
the strong points of online education were
flexibility, accessibility, and the variety of
methods used in the teaching-learning
activity, and among the weak points were
identified: maintaining the students' attention
during the teaching-learning activity, time
management, or the low level of skills in
digital tools of the teaching staff. The causes
that prevented the evaluation activity were
related to technical difficulties, insufficient
time, or misunderstanding of work tasks.

The transition to online education during the
pandemic demonstrated the ability of higher
education institutions to adapt to the new
conditions, to ensure the continuity of
activities, even if they encountered difficulties
and even if they still have many aspects to
improve.

Digitization of education is no longer an
option, but a necessity, thus ensuring the
transition from traditional to modern
education. However, it requires the existence
of a well-trained human resource in the digital
field, which can face the demands of the
young people it trains.
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Abstract

Research in the "Priestess's Garden™ of Gustrita began in 2014. The agro-ecosystem combines traditional
gardening with the current ecological precepts of biodiversity. As method, there were used Barber traps with the
help of which 383 Coleoptera beetles were caught. After sorting the entomological material in the systematic
laboratory, a number of 61 species, 38 genera, 14 families of Coleoptera were identified. The ratio of useful species
(51 species) to harmful species (10 species) is clearly in favor of the first category, which proved to be highly

effective in depressing and controlling phytophages.
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INTRODUCTION

Famous is the "Gusteritei Hill" with its
belvedere tower, from the height of which, in
the harsh but clear mornings of spring, you
can look out over the Hartibaciului Valley,
Secaselor Plateau, the Depression of Sibiu, to
the distant heights of the Fagaras Mountains.
The hill in the center of Gusterita (today a
district of Sibiu) is a real acropolis on which
the medieval buildings of the community were
built: the church, the parish house and the
parish school.

The church is one of the 600 fortified
churches in Transylvania and one of the 150
churches that still exist. It was built at the
beginning of the Xlll-century as a Roman
basilica and received its final Gothic aspect in
the XVI century, as a fortress - church.
Towards the south-eastern side of the hillock,
the slope descends slowly till the wall of the
precincts that bounds a large area, which
formerly was used as a refuge for villagers
and their goods, during distressing times.

In the long run, this space was turned into a
vegetable garden, and it was nicknamed “the
Priestess Garden”.

Here an extensive agricultural-educational
exercise has been developed that combines
traditional gardening with current ecological
precepts of biodiversity.

The scientific studies undertaken so far [1],
[2] have elevated it to a successful "biological
experiment"” with a definite tinge of
originality.

The studies concerning in-vertebrata fauna
that divide the species of the agro-ecosystem
in two parts (useful and pest) are interesting
and prove the important role of the
entomofauna. This is man's great and unseen
allied army that ensures the circuitry of
organic matter in nature. The subtle interplay
of the entomofauna of the agroecosystem
must be understood and interventions must be
judicious and ensure the optimal balance
between useful and harmful entomofauna so
that the circuits that prepare plant food
function, ensuring sustainable fertility. As an
entomological regulating factor for wildlife,
the  "entomological  guesthouse”  was
established. This cultivates fauna with a role
in regulating the balance between the two
components, inhibiting, or keeping harmful
fauna below the damage threshold.
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MATERIALS AND METHODS

The experiment took place between May and
October 2015, in the "Priestess' Garden" in the
Gusterita district, Sibiu.

In the experimental plot, the cultivation
technology applied was in line with the
concept of organic farming. Thus, the
following are used: appropriate tools with a
role in protecting the soil and its fauna, green
manure, compost, soil mulching technique,
natural bioactive preparations, untreated
seeds, crop rotation, allelopathy, cultivation of
plants in concentric strips, stagnant water for
watering, cultural hygiene [1], [2].

The analyzed biological material includes 383
coleopteran  specimens  (adults, larvae),
collected using Barber traps. This is the
classical method for the continuous collection
of beetles from the ground, both day and
night. A trap consists of a 400-450 ml
container. The traps were buried in the ground
so that there was no difference in level
between the top lid of the trap and the ground
level, and a gap of 3 cm between the trap and
the trap lid. The formaldehyde was used as an
attractant.

The biological material, captured in every
trap, was moved into another plastic container
in 70 % alcohol, that constituted a sample
collected during a period of 48 hours. There
were 10 pcs. Barber’s traps with a 10 m
distance  between them. During this
experiment, 80 samples were collected. They
were selected by families, genera and species,
in the systematic laboratory.

The laboratory phase includes sample
unpacking, labelling, numbering,
determination. For this last operation, a large
number of determinators were used [5], [9],
[12], [13], [17].

RESULTS AND DISCUSSIONS

We studied the Order Coleoptera because it

includes species from different trophic
categories  (zoophagous,  coprophagous,
detritivores, necrophagous, phytophagous),

components of most food chains in terrestrial
ecosystems [20]. Many species of Coleoptera
are important bio-indicators that bring useful
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information about the health of the ecosystem;
they offer data concerning about the quality
and the durability of life.

Ecological agriculture has an important
objective, that is the knowledge and the
protection of the useful species that are
responsible with the maintaining the pest
populations under the damage limit.

In this research work, there were identified
61 species of Coleoptera that belong to a
number of 14 families (Carabidae, Silphidae,

Nitidulidae, Staphylinidae, Cantharidae,
Elateridae,  Histeridae, = Chrysomelidae,
Curculionidae, Anthicidae, Monotomidae,
Scarabaeidae, Lathridiidae, Coccinelidae)

and 38 genera (Poecilus, Amara, Pterostichus,
Harpalus, Bembidion, Acupalpus, Silpha,
Nitidula, Carpophilus, Staphylinus, Actobius,
Atheta, Bolitobius, Calodera, Ocalea,
Omalium, Oxytelus, Oxypoda, Quedius,
Aleochara, Heterothops, Philonthus,
Tachyporus, Tachinus, Microglossa,
Lathrobium, Scopaeus, Cantharis, Drasterius,
Hister, Longitarsus, Chaetocnema, Sitona,
Anthicus, Monotoma, Aphodius, Corticarina,
Tytthaspis (Table 1).

Table 1. The faunistical spectrum of the coleoptera in
the ecological garden in Gusterita (Sibiu county)

Numerical Relative

Taxa abundance abundance
(%)

Carabidae
*Poecilus cupreus L. 26 6.78
+Amara ovata Dej. 1 0.26
+Amara aenea Dej. 6 1.56
+Amara concinna Zimm. 9 2.34
*Pterostichus niger Schall. 1 0.26
+Harpalus distinguendus Duft. L. 14 3.65
+Harpalus griseus Panz. 2 0.52
+Harpalus pubescens Miill. L. 1 0.26
*Bembidion splendidum Strm. 20 5.22
*Bembidion properans Steph. 3 0.78
*Bembidion sp. (Iv.) 2 0.52
*Acupalpus meridianus L. 1 0.26
Silphidae
*Silpha carinata Herbst. 9 2.34
*Silpha carinata Herbst. (Iv.) 3 0.78
Nitidulidae
*Nitidula carnaria Schall. 22 5.74
*Carpophilus bipustulatus Er. 95 24.80
Staphylinidae
*Staphylinus similis F. 8 2.08
*Actobius cinerascens Grav. 1 0.26
*Atheta sordidula Er. 7 1.82
*Atheta tabida Kiesw. 3 0.78
*Bolitobius pygmaeus Er. 1 0.26
*Calodera nigrita Mnnh. 1 0.26
*Calodera uliginosa Er. 1 0.26
*Qcalea picata Steph. 16 4.17
*QOcalea badia Er. 6 1.56
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In Table 2, the taxonomical and also the
identified quantitative structure of the
Coleoptera resulting from the research field in
the Gusterita agro-ecosystem are presented.

Table 2. The taxonomical and quantitative structure of
the fauna of Coleoptera, collected by means of the
Barber’s traps in the Gusterita agro-ecosystem

Taxa Numerical Relative
abundance abundance
Carabidae 86 22.45
Silphidae 12 3.13
Nitidulidae 117 30.52
Staphylinidae 133 34.72
Cantharidae 11 2.87
Elateridae 9 2.34
Histeridae 1 0.27
Chrysomelidae 3 0.78
Curculionidae 2 0.54
Anthicidae 1 0.26
Monotomidae 2 0.54
Scarabaeidae 4 1.04
Lathridiidae 1 0.27
Coccinellidae 1 0.27
Total 383 100.00

*Omalium oxyacanthae Grav. 1 0.26
*QOxytelus insecatus Grav. 53 13.83
*Oxytelus opacus Er. 2 0.52
*Oxytelus sculptus Grav. 1 0.26
*Oxytelus sculpturatus Grav. 1 0.26
*Oxytelus piceus L. 1 0.26
*Oxypoda elongatula Aubé. 2 0.52
*Oxypoda vittata Markel 7 1.82
*Oxypoda spectabilis Mérkel 1 0.26
*Quedius ventralis Arag. 3 0.78
*Aleochara laevigata Gyll. 1 0.26
*Aleochara clavicornis Redth. 13 3.39
*Aleochara moerens Gyll. 8 2.08
*Aleochara intricata Mnnh. 1 0.26
*Aleochara lata Grav. 1 0.26
*Aleochara crassicornis Lac. 1 0.26
*Heterothops binotata Grav. 1 0.26
*Philonthus aerosus Kiesw. 1 0.26
*Tachyporus nitidulus F. 2 0.52
*Tachinus collaris Grav. 1 0.26
*Microglossa pulla Gyill. 1 0.26
*Lathrobium sodale Kr. 1 0.26
*Lathrobium quadratum Payk. 2 0.52
*Lathrobium spadiceum Er. 2 0.52
Scopaeus cognatus Rey. 2 0.52
Cantharidae

*Cantharis violacea Payk.? 1 0.26
*Cantharis fusca L. 4 1.04
*Cantharis sp. (Iv.) 6 1.56
Elateridae

+Drasterius bimaculatus Rossi 9 2.34
Histeridae

*Hister sepulchralis Er. 1 0.26
Chrysomelidae

+Longitarsus anchusae Payk. 1 0.26
+Chaetocnema tibialis Illig. 2 0.52
Curculionidae

+Sitona crinitus Herbst. 2 0.52
Anthicidae

*Anthicus floralis L. 1 0.26
Monotomidae

*Monotoma spinicollis Aubé 2 0.52
Scarabaeidae

*Aphodius granarius L. 3 0.78
*Aphodius varians Duft. 1

Lathridiidae

+Corticarina gibbosa Herbst. 1 0.26
Coccinellidae

*Tytthaspis (Micraspis) 1 0.26
sedecimpunctata L.a.12-punctata

L.

Total 383 100%

* useful species
+ pest species

Source: Own experiment and calculation.

The best represented family of Coleoptera is
the Staphylinidae family (35 species)
followed by Carabidae (12 species). In
opposition to them, the Nitidulidae,
Cantharidae, Chrysomelidae, Scarabaeidae
families have only two species each. The
Silphidae, Elateridae, Histeridae,
Curculionidae, Anthicidae, Monotomidae,
Lathridiidae, Coccinelidae families have only
one species each.

Source: Own calculation.

The family with the highest quantitative
abundance is represented by Staphylinidae -
133 samples (34.72%), followed by
Nitidulidae family - 117 samples (30.52%)
and Carabidae - 86 samples (22.45%).
Among the families with a small numerical
abundance are: Silphidae - 12 samples
(3.13%), Cantharidae - 11 samples (2.87%),
Elateridae - 9 samples (2.34%), Scarabaeidae
- 4 samples (1.04%), Chrysomelidae - 3
samples (0.78%), Curculionidae - 2 samples
(0.54%) and Monotomidae - 2 samples
(0.54%), Histeridae, Anthicidae, Lathridiidae,
Coccinelidae, each of them - 1 sample
(0.27%).

In the mobile fauna on the surface of the soil,
the Staphylinidae, Nitidulidae, and
Carabidae families were dominant.

The pest coleoptera in the agro-ecosystem
Gusterita are represented by 10 phytophagous
species that belong to 5 families. They
totalized a small number of individuals: 39
(10.18%). The useful coleoptera are
represented by 51 species that belong to 10
families. They totalized 344 individuals that
represent 89.82% from the total samples
collected by making use of the Barber’s traps.
In the useful component they were identified
zoophagous, detritophagous and
coprophagous species.
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(1) In the first category of the
phytophagous species we remarked the
following:

Amara ovata Dej., A. aenea Dej., A.concinna
Zimm., species of Carabidae, produce a lot of
damages to the cultivated plants, attacking
them when they are young. Amara ovata Dej.
attacks with predilection the species of the
Brassicaceae family [15], [17].

Harpalus distinguendus Duft.L., H. griseus
Panz., H. pubescens Mull. L. attack the
germinated seeds, strawberries and young
plants and Bembidion properans Steph.,
attacks the young plants [8].

Drasterius bimaculatus Rossi (Elateridae)
attacks the plants on the surfaces with herbs
[6].

All the species of the Chrysomelidae family
are phytophagous. Longitarsus anchusae
Payk. produce damages on herbs and it could
be also due to the pest for the species

of  the Plantaginaceae, Asteraceae,
Scrophulariaceae, Boraginaceae and
Convolvulaceae [19]; The Chaetocnema

tibialis 1llig. species attack the beet and the
spinach.

The Sitona crinitus Herbst. (Curculionidae)
attack species of the Fabaceae. The adult
feeds on the foliar apparatus of the seedlings,
the plant suffers because the photosynthesis
process is drastically reduced, the larvae feed
on the root systems and their nodes, thus
decreasing the plant's ability to fix
atmospheric nitrogen [10], [14].

(2) From the category of useful species we
highlight the presence of zoophagous species.
They are extremely important in the
agroecosystem, being biotic factors in the
natural control of pest populations and 'key'
links in the trophic structure of the biocenosis.
They are found in several families of
Coleoptera:

From family Carabidae: Poecilus cupreus L.
which attacks the eggs of the Colorado beetle,
larva of Tentredinidae and Aphidae [21];
Pterostichus niger Schall., which feeds with
eggs and larvas of the mole cricket;
Bembidion splendidum Strm., which feeds
with larva of Curculionidae and Heteroptera.
About Bembidion properans Steph., the
researches certified that it has a role in the
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reduction of the larva of Elateridae [3],
Acupalpus meridianus L., is considered by
some scientific  investigators, to be
omnivorous. It is known the fact that, from
the trophic point of view, there is not a
definite limit between the predatory and the
omnivorous insects.

The Staphylinidae family includes useful
species, most of them being predatory species,
among them we could find: the larva of
Staphylinus similis F. that burrow galleries in
soil and chase caterpillars, worms and small
insects; the two species Ocalea picata Steph.
and Ocalea badia Er. [4]; Bolitobius
pygmaeus Er.; Oxytelus insecatus Grav. that
attacks the pupa of Delia brassicae Bouche or
it is considered as detritophagous; Oxypoda
vittate Maérk., Tachyporus nitidulus F. that
could attack the pupa of Delia brassicae
Bouche; Philonthus aerosus Kiesw. and also
Atheta sordidula Er. and Atheta tabida Kiesw.
[18].

Cantharis violacea Payk and Cantharis fusca
L., (Cantharidae) play an important role in
the biological control of the aphid Myzus
cerasi F. and of the other small insects.

The Histeridae family is represented by only
one species: Hister sepulchralis Er. The larva
of this coleoptera are predators, the adults are
necrophagous or coprophagous.

The representants of the Coccinellidae family
are in their majority zoophagous. Tytthaspis
(Micraspis) sedecimpunctata L. a.12-punctata
L., attacks aphids, acariennes and tripsh.
Some specialists affirm that this species is
mycetophagous [16].

The detritophagous coleoptera are also useful.
They feed with fragments of organic material
resulted from the crumb and the partial
decomposition of the dead plants and animals.
In the majority, the Silphidae family includes
species found on dead bodies, rotten fungus,
and on the other vegetal and animal matters in
decomposition [11]. In the studied ecosystem
it was identified the Silpha carinata Herbst.
species

The Nitidulidae family registered the highest
number of the collected insects. They feed on
decaying vegetal matter. Such a trophic
system have also the Nitidula carnaria Schall.
and Carpophilus bipustulatus Er. species.
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In the Staphylinidae family there are species
that belong to the Atheta, Omalium, Oxytelus,
Tachyporus, Lathrobium and Aleochara
genera; they were found on the decaying
vegetal matters, compost and on the tree moss
[11].

In  the Anthicidae family there are
phytophagous species, but the Anthicus genus
includes species that feed on decaying vegetal
matters, as Anthicus floralis L. [7], [17].

The Monotomidae family is represented by
Monotoma spinicollis Aube that appears often
in decaying vegetal matter, inclusive in the
artificial habitats like the heaps of compost.
The Lathridiidae family is represented
in agro-ecosystem by Corticarina gibbosa
Herbst. that is considered to be
mycetophagous and not to produce damages
[22].

They were identified also the coprophagous
species that belong to the Scarabaeidae
family: Aphodius granarius L., A. varians
Duft that consume the catabolic produces of
different animals mainly vertebrata, produces
that are to be found in the manure of the
stable.

Detritus- and coprophagous insects are
considered "crop sanitarians” and provide
bacteria and fungi with the resources needed
for the mineralisation process. Their actions
successfully place them in the category of
useful insects.

CONCLUSIONS

The list of beetles in the Gusterita Ecological
Garden includes a total of 14 families, 38
genera and 61 species.

Surveys revealed the spectrum of beetles: 10
harmful species belonging to five families and
51 useful species belonging to 10 families.
The family with the highest numerical
abundance is represented by Staphylinidae -
133 samples (34.72%), followed by
Nitidulidae - 117 samples (30.52%), and
Carabidae - 86 samples (22.45%).

The group of the useful species is
characterized by dominance of the
detritivorous species Carpophilus bipustulatus
Er. (24.80%) and Nitidula carnaria Schall
(5,74%) and the zoophagous species Oxytelus

insecatus Grav. (8.61%) and Poecilus cupreus
L. (6.78%).

The dominance of the useful coleoptera
(89.82%) in comparison with the pest species
(10.18%) emphasizes that at the level of the
Gusterita agro-ecosystem, cultivated in the
ecological manner, the useful species are
efficient in inhibiting and keeping under
control both the number of the pest coleoptera
and also of other in-vertebrata in the agro-
ecosystem.
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Abstract

Due to the fact that individual whey proteins have their own unique nutritional, functional and biological
characteristics, the latest research in this area draws attention to the possibility of synthesizing a wide range of
bioactive compounds derived from whey proteins. There are various ways to release bioactive peptides from precursor
proteins or whey parent proteins. The paper will present the production of bioactive whey protein hydrolyzates
(BHPS), which exhibit high antioxidant activity, and their economic profitability of production. Research is focused on
the enzymatic and microbiological process of modifying whey proteins. Whey proteins can be easily modified under
mild conditions of temperature and Ph values. For the purpose of this research, two scenarios were modeled: Scenario
A, which involves the use of whey, and Scenario B, which involves the use of whey protein concentrate as a protein
source. The entire process for both scenarios, which includes pre-treatment, whey protein modification and product
separation, was modeled using the SuperPro Desinger program, which is equipped with a wide range of processes,
and can be used for mathematical evaluation of the economic performance of the process.

Key words: whey, protein, production of bioactive whey protein hydrolyzates

INTRODUCTION types of cheese, and we know that investing in
cheese production is very profitable more tha
production of raw milk. In addition to

earnings in cheese production, whey is also

Milk production as a part of livestock
production has always had a significant place

in the development of Serbian agriculture.
The developed Strategies for the Development
of Agriculture in Serbia at the macro and
micro level indicate that there are available
potentials that have not been used, both for
the development of livestock production and
milk production in the plains, hilly and
mountain areas. However, due to the overall
situation with Covid 19, there is a decrease in
the number of cattle, as shown by the results
presented in the Statistical Yearbook for 2021
[16], where the decrease is 3% compared to
the previous two years (2019 and 2020), while
for the ten-year average of 2011-2020, the
total number of cattle is lower by 5.1%. With
the decrease in the number of cattle, there is a
decrease in the number of dairy cows, so that
the production of milk and dairy products is
reduced as well as the production of different

obtained as a by-product, which nowadays has
a number of commercial applications [13].

Whey, which is produced in the process of
cheese production, is a very important waste
product of the dairy industry, due to its very
rich nutritional composition, which is
generated in very large quantities in milk
processing processes [2, 3]. Whey contains
more than half of the dry matter present in
milk, including whey protein (20% of total
protein) as the most attractive ingredient. Due
to the wide range of bioactivity (antioxidant,
antihypertensive, antitumor, hypolipidemic,
antiviral and antibacterial) [11] and excellent
functional properties (eg high solubility, water
absorption, gelatinization and emulsifying
capacity) [5] whey can be considered a very
valuable by-product with wide possibilities of
application in the food and pharmaceutical
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industry [7]. Therefore, they can be used as
potential food ingredients and food
supplements and as auxiliary drugs, where
their bioactivity would help in the prevention
and control of diseases [3].

Apart from the industrial production of the
pure fraction of whey proteins, it is also
possible to obtain bioactive protein substances
by hydrolysis of whey proteins. Enzyme-
controlled hydrolysis of whey proteins is one
of the fastest, safest and most easily
controlled techniques for obtaining bioactive
peptides [10].

The main goal of research related to the
production of bioactive whey peptides using the
hydrolysis process is their commercialization,
but the lack of a case study is a major obstacle
in the development of this area. Therefore, the
commercialization of bioactive whey protein
hydrolysates requires comprehensive business
case studies that include a clear understanding
of the market situation, development of market
strategy, analysis of technical work plan,
management and staff, legal issues, preparation
of financing plan, action plan, risk analysis and
exit opportunities.

The basic information for any business plan for
the production of industrial capacity includes an
analysis of the economic feasibility of the
process. Through the analysis of economic
justification, it is necessary to accurately
analyze the impact of key production
parameters, such as production capacity,
equipment costs, raw material costs, operating
costs and selling price of products on total
investment, repayment time and payback period
[12, 9, 17]. There is a number of techniques that
can be applied to assess the economic viability
of a targeted process. Simulation software, such
as SuperPro Designer [18], equipped with a
wide range of processes, is a powerful tool that
can be used to mathematically estimate the
economic performance of a process. This
process simulator shortens the time required for
process development, allows comparison of
alternative  processes and provides an
opportunity for interactive analysis of a large
number of processes in a short time [14].
SuperPro  Designer is widely wused for
simulation of industrial production of various
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bio-products and analysis of economic
justification of such processes [4, 8, 15].
However, to our knowledge, analysis of
economic feasibility of industrial production
of bioactive whey protein hydrolysates has
not been done yet. This shortcoming should
be overcome in order to commercialize
bioactive whey protein hydrolysates as very
valuable products.

With that goal in mind, SuperPro Designer
can be used to conduct an analysis of the
economic feasibility of the production process
of bioactive whey proteins at the industrial
level and to establish fundamental knowledge
related to the business plan of the production
process of  bioactive whey  protein
hydrolysates [1].

MATERIALS AND METHODS

Whey protein concentrate (WPC, whey protein
concentrate) with 80.0% (w/w) protein (DMV
International, 5462 GE  Veghel, The
Netherlands) was used. The WPC solution was
prepared as a 5.0% (w/w) suspension of WPC
in water. The paper also used whey left over
from cheese production (Imlek ad, Belgrade).
The chemical composition of whey consists of:
dry matter 9.8 = 0.03% (w/v); proteins 2.6 +
0.012% (wi/v); fat 1.05 = 0.08% (w/v) and
lactose 5.6 + 0.114% (w /v). Also, the bacterial
strain Lactobacillus rhamnosus ATCC 7469
(American  Culture  Collection, ATCC,
Rockville, USA) was used. The commercial
enzyme Trypsin (porcine pancreas, EC 3.4.21.4)
was purchased from Sigma-Aldrich Chemie
GmbH (Steinheim, Germany).

Licensed software SuperPro Designer (as in my
previous works) was used to test the possibility
of using whey in various technological
Processes.

This program provides opportunities to find the
optimal procedure for profitability analysis, and
by adjusting the basic parameters it is possible
to analyze and predict costs for many industrial
processes.

RESULTS AND DISCUSSIONS

Description of the process model
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In order to convert whey protein into value-
added products, microbiological and enzymatic
transformation of whey protein was used to
produce high quality bioactive whey protein
hydrolysates (BHPS) that exhibit high
antioxidant activity.

The research is focused on enzymatic and
microbiological processes of whey protein
modification. Whey proteins can be easily
modified under mild temperature and pH
conditions. The availability of different
microorganisms and enzymes from different
sources allows the manufacturer to choose the
best option based on the desired quality of the

final product. For the purpose of this research,
two possible scenarios were modeled: Scenario
A which involves the use of whey and Scenario
B which involves the use of whey protein
concentrate as a protein source. Both processes
involve three processing steps: pre-treatment,
whey protein  modification and product
isolation. Each step was optimized in a previous
study by the author [5, 6]. A simplified flow
diagram for the production process of 96%
(w/w) bioactive whey protein hydrolyzate is
shown in Figure 1.

Scenario A Scenario B
o Whey protein
Whey ‘L concentrate
Section for Pasteurization
pretreatment Temperature: 60°C
{preparation Warm-up time: 60 min.
raw material) Jr
Cooling

Temperature: 37°C

Cooling time: 10 min.

Whey fermentation

Enzymatic hydrolysis conc. whey protein

Temperature: 37°C

Section for Processing time: 24h

Microorganisms: Lb. thamnosus
Inoculum level: 2 0% (v/v)

Enzyme: Trypsin

E/S relationship: 0.3%
Temperature: 37°C
Processing time: 4h

modification
protein

Enzymatic hydrolysis conc. whey protein
Enzyme: Trypsin

EfS relationship: 0.5%

Temperature: 37°C

Processing time: 4h

I

Deactivation microorganisms/enzymes

Temperature: $0=C
Heating time: 15 min

Section for

N7

allocation
products

Centrifugation
Speed: £4.000 zg
Time: 20 min

AT

Spray drying:
Inlet temperature: 130°C
Outlet temperature: 70=C

i

Storage:
Temperature: 4°C

Y

Bioactive whey protein

hydrolysates in powder

Fig. 1. Block flow diagram of the microbiological/enzymatic process, which is used for production bioactive HPS
Source: Slavica Arsi¢ (2018), Analysis of the techno-economic justification of the exploitation of whey in Serbia.

Doctoral dissertation/, University of Belgrade [1].

The entire process for both scenarios, involving
pre-treatment, whey protein modification, and
product isolation, was modeled using SuperPro
Designer, and the flowcharts with the main
process devices used in Scenario A and Scenario
B are shown in Figures 2 and 3 [1].

In general, both processes begin with a step
involving pre-treatment of raw materials. The
purpose of the pre-treatment procedure is to
prepare whey protein for the next step of
modification.
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To exclude the possibility of external  pasteurized at 60°C for 60 min using a HX-101
contamination, the raw material was  heat exchanger.

Section for pretreatment Protein mod ification section
(Preparation of raw materials)

—

Whey
5103
5-101 ja 5-102 :8
LA P2/ HX-101 P-3 / HK-102 p—
Mining/Storage Warming up Cooling 5104
P-F V102 :
P-5 | HX-103 5105
Fermentation P
Warming up
.1|§ 5-106
1% J
—fE
3107
P-6 [ DS-101 P-7/5DR-101 3-108
Centrifugation 5110 .
Spray - Drying
5112
®
Ds-11 -
Section for extracting products P8 / SL-101 3 P9/ FL-101
Sturalge of Charge
Section for extracting products suhstances

Fig. 2. Scheme of the process based on the use of raw whey (Scenario A)
Source: Slavica Arsi¢ (2018), Analysis of the techno-economic justification of the exploitation of whey in Serbia.
Doctoral dissertation/ University of Belgrade [1].

Section for pretreatment

. . Protein modification section
(Preparation of raw materials)

&
Whey Protein Concentrate
(WEC) 5-103
i S-101 S-102
P11 P-2 | HX-101 P-3-1 1 HX-102
Mixing/Storage Warnning up Cooling P _ ';gi :
P-R/V-102 S5-104
P-5 I HX-103 5105
Enzimes hidroliza N . :
TWarming up
& 5106
-108 g
-111
N - 5
ol §-109
s-107 |
P& I DS-101 P-T ! SDR-101
Centrifigation S110 Spray - Drying
@ P8/ SL-101 DS-102
Storage of DS-101 P-8 / FL-101
Section for extracting products SO s
substances Charge

&

Fig. 3. Process scheme based on the use of whey protein concentrate (Scenario B)
Source: Slavica Arsi¢ (2018), Analysis of the techno-economic justification of the exploitation of whey in Serbia.
Doctoral dissertation/University of Belgrade [1].
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After pasteurization, the mixture was cooled to
37°C using a HX-102 heat exchanger, and then
transported to the section, i.e. the unit in which
the protein modification will be performed.
The protein modification process in Scenario
A involves a 24-hour fermentation process
performed by the addition of 2.0% (v/v)
inoculum of strain Lb. rhamnosus ATCC
7469 in a unit called P-F/V-102 (Figure 2).
The protein modification process in Scenario
B involves a 4-hour enzymatic hydrolysis
process performed using 0.5% (w/w) of the
commercial enzyme Trypsin in a unit called
P-R/V-102 (Figure 3). Both processes were
performed at a temperature of 37°C as optimal
for the activity of microorganisms and
enzymes. Both processes are interrupted by
inactivation of the microorganism or enzyme
at 90°C for 15 min using a HX-103 heat
exchanger. After the protein modification
process, the mixture is transported to a
centrifuge unit (P-6/DS-101) to undergo the
following steps involving product separation.
Liquid whey protein hydrolyzate is a highly
perishable product due to its high water and
protein content as a favorable substrate for
bacterial growth. The powder form of whey
protein hydrolyzate is a much more favorable
form of this product, which is primarily lighter
than the liquid form, which greatly facilitates its
transport and enables longer storage time. In the
product separation section, the bioactive whey
protein hydrolysates were centrifuged and dried
to produce BHPS in powder form.
Centrifugation performed at 4,000 xg for 20
minutes in a unit called P-6/DS-101 to
separate the hydrolyzed suspension into two
layers: a protein hydrolyzate solution at the
top and a solid layer of non-hydrolyzed
protein remaining at the bottom. After
centrifugation, the whey protein hydrolyzate
suspension was dried in a spray dryer, i. unit
P-7/SDR-101 and stored at 4°C (unit P-8/SL-
101) until the moment of packing. The end
product of bioactive whey protein
hydrolysates is a creamy white powder that is
characterized by good water solubility and
desired functionalities [1].

The basic capacity of 1,000 kg h™* processing of
whey or whey protein concentrate results in the
production of 8.1 t year® hydrolyzate obtained

by whey fermentation and 1659 t year®
hydrolyzate obtained by hydrolysis of whey
protein concentrate, with a protein content of
96% (w/w). The obtained products can be
considered bioactive due to their high antioxidant
activity, which confirms the efficiency of the
production processes studied in this article.
Enzymatic modification of whey protein
according to Scenario B reduces the total
energy consumption of the production process.
The total energy consumption in generation
operations in Scenario A is 6.46 GW, while in
Scenario B the total energy consumption is
reduced to 5.86 GW. A decrease of 9.1%
indicates a higher efficiency of Scenario B. The
energy is mainly reduced due to the lower
electricity demand in the reactor unit (P-R)
used in the protein enzyme modification
section. On the other hand, the use of enzymes
increases the amount of bioactive whey protein
hydrolyzate produced from 1.02 kg h? as
obtained by the whey fermentation process to
20.9 kg h' as obtained by the enzymatic
hydrolysis process. An increase of 95.1%
increases the economic viability of the
bioactive whey protein hydrolyzate production
process according to Scenario B.

Table 1 shows the results of the economic
analysis. For a plant with a base capacity of
1,000 kg h, the total capital investment is $
22,940,000 for Scenario A and $ 17,402,000
for Scenario B. Assuming that the selling
price of the bioactive whey protein
hydrolyzate is $ 20 kg™, the project has an
internal return rate (IRR) of 17.73% for
Scenario A and 230.55% for Scenario B.

Table 1. Summary of economic parameters for the
analyzed scenarios A and B.

Parameter Scenario Senario
A B

Total investments ($) | 22,940,000 | 17,402,000

Repayment period 3.06 0.09

(years) ' '

IRR after tax (%) 17.73 230.55

NPV na 7% ($ - 10%) 25.38 1,635.5

Source: Results obtained by computer simulation in the
program ,,SuperPro Desinger “[1].

The net present value (NPV) was
approximately $ 25.38 million for Scenario A
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and $ 1,635.6 million for Scenario B (at a
discount rate of 7%).

NPV is an indicator of return on investment,
ie. an indicator of whether the investment can
bring a profit. In this case, the NPV value is
positive, which means that the investment
provides an inflow of funds and therefore the
project is economically viable and can be
accepted and implemented.

Based on these results, the project that
assumes Scenario B represents a much more
attractive investment compared to Scenario A.

CONCLUSIONS

Based on the results presented in this part of
the research, enzymatic hydrolysis is the most
suitable process for the production of
bioactive  whey  protein  hydrolysates.
Industrial plant with a capacity of 1,000 kg h
! which is characterized by the following
economic parameters: total capital investment
of 17.40 million dollars; direct fixed capital
expenditures of $ 15.98 million; annual
operating costs of $ 9.14 million and a
payback time of 0.09 years, allow the
production of a bioactive whey protein
hydrolyzate that could have a selling price of
$ 20 kg, which is significantly lower than the
market price, so investing in this way of
processing whey can be considered very cost
effective.

The  presented  process  offers an
environmentally friendly and economically
viable solution for the utilization of whey
through its transformation into products of the
second generation of whey protein-based
products.
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Abstract

The role played by rural and community banks (RCBs) in financial intermediation in the cocoa sector is
commendable, however, their full potential is not realized due to the high level of credit default by farmers. Among
95 credit takers for the 2018 to 2019 farming season, the study revealed that 68.4% of farmers defaulted, producing
a loan recovery rate of 45.76% and default rate of 54.23%. The surveyed banks value the use of collateral security
(47%) and fixed income guarantee (26%) as a prerequisite for accessing credit. Selected RCBs' predicaments of
lending to farmers are the misappropriation of funds, high default rate, and high illiteracy rate. Averagely, farmers
used 44.66% of the accessed credit amount for cocoa farming, and 55.34% on non-farm-related activities,
indicating the misappropriation of funds. Defaulters’ reason for delinquency is classified into, causes due to the
borrower (24.60%), causes due to the lender (32.04%), and causes due to nature (43.36%). Moreover, RCBs'
perception of the causes of loan delinquency includes misappropriation of funds, unwillingness to pay, risk in cocoa
farming, and high-interest rate. Finally, probit model results indicated that farmers’ repayment abilities were
positively influenced by their engagement in secondary occupation, attainment of formal education, and loan terms,
and negatively influenced by household size, loan amount received, interest rate, and distance to rural banks. The
study recommends RCBs to enact stringent borrowing policies aimed at reducing loan delinquency among cocoa
farmers in Ghana.

Key words: credit default, cocoa, rural and community bank, smallholders

INTRODUCTION studies on the importance of credit assert that
the inaccessibility of credit by rural farmers
According to [14], almost 7.4 million has retarded the progress of agriculture

Ghanaians depend on cocoa for sustenance.
Apart from the 50 countries in the inter-
tropical zones reported to be highly engaged
in cocoa bean cultivation, Indonesia (13.5%),
Ghana (20.7%), and Cote d’Ivoire (39%) have
dominated total world production.
Approximately, 70% of the world’s total
cocoa production originates from West Africa
[1, 30, 40] and this region is seriously
confronted with a 3% annual decline in
production. Currently, Ghana produces an
average of 400 kgha® which is almost 50%
below the world’s highest producer, Cote
d’Ivoire, with an average output of 800 kgha™
[40, 24, 10]. The lack of institutional credit
has been identified as the main factor
affecting cocoa farmers in Ghana. Globally,

growth [28, 16]. Significant literature exists
on the positive impact of credit in improving
the household income of small business
holdings, and the productivity of smallholder
farmers [32, 17, 9, 11]. Due to the inherent
credit problems facing cocoa farmers in
Ghana, rural and community banks (RCBs)
were established in the cocoa-growing regions
and were mandated to allocate 50% of their
credit portfolio to farmers. Nevertheless, the
positive benefits of credits have been cut short
by many inherent problems existing in the
rural financial system. Among such problems
is the issue of credit default prevalent among
rural borrowers in many financial institutions
globally. The definition of credit default is not
based on the kind and proper use of the credit
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but rather on the untimeliness of meeting the
repayment schedule mandated by the credit
institution. The solvency of rural banks in the
country is the number one aim of their
governing body- Apex Bank and the Bank of
Ghana. Though several factors may be
responsible, it is the impact of credit default
that has caused many farmer credit schemes to
be stopped in Africa. In this regard, several
objectives of the credit program are not
achieved due to farmers spending too little
money on the farm or diverting the majority to
non-agricultural-related activities. The
practice of diverting agricultural credit to
other uses is popularly referred to as credit
fungibility. As asserted by [34, 35], credit
fungibility exists at all levels of the rural
financial system- the culprits are farmers,
rural banks, and central banks. Several factors
have been associated with the cause of credit
default among rural farmers [31, 3, 15]. Itis a
known fact that many credit programs are
well-financed by governments such that
disbursing institutions are tasked with
satisfying the needs of farmers under a set of
political directives rather than considering
farmers' repayment history. In  Ghana,
especially in cocoa-growing communities, the
resultant effect of credit default is the current
downward trend achieved in the agricultural
sector, and the subsequent increase in rural
poverty among farming communities because
RCBs are reluctant to offer credit to the
farmers. Best to our knowledge, no primary
study exists on the level of credit default
among Ghanaian cocoa farmers utilizing
RCBs credits. Many studies evaluated the
importance of credit on farmers’ productivity,
while others determined the causes of credit
default in the agricultural sector in general. A
plethora of evidence exists on the importance
of rural banks' credits for supporting rural
cocoa farmers, but nothing is available on the
problems rural banks have to encounter before
redeeming credit already disbursed. Issues
such as the use of credit, farming constraints,
and awareness to increase government support
for rural farmers have been the centerpiece of
many publications. With the surge in the
amount of rural credit disbursed, it is pertinent
to understand the circumstances surrounding
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the credit repayment abilities of farmers in
cocoa-growing regions in Ghana, since this
will adequately inform the government, Bank
of Ghana, donor agencies, and the Apex Bank
about improving financial incentives to the
sector. Finally, the output of this study will
serve as a blueprint for RCBs and other
financial institutions (operating farmer-credit
schemes) in developing comprehensive credit
monitoring tools that seek to minimize the
rate of credit default among all groups of
farmers.

MATERIALS AND METHODS

Study Area

The study was conducted in the Bodi District,
one of the nine districts in the Western North
Region in Ghana. It is located between
latitude 6°6° N and 7°0° N, and longitude
2°40°W and 3°, 15W. The district covers an
estimated surface area of 678.1 kilometers
squares. It has a population of 65,748, and a
population density of 97 kilometers square.
Sefwi-Bodi is the district capital. The district
forms part of the country’s wet semi-
equatorial climatic zone. It is characterized by
two rainfall patterns with mean annual figures
between 1,260-2,000mm. Regarding
economic activity, 84% of the population
above the age of 15 years are actively engaged
in agriculture, forestry, and fishery. The
remaining 5.5% are engaged in service and
sales, and 4.3% practice craft and trade-
related works.  Subsistence agriculture is
predominant in the district and serves as
means of survival during the mean lean
season. Cocoa is grown in almost all
communities in the district contributing 15%
of the total cocoa output in the region.

Agricultural activities in the district are
supervised by the district director of
agriculture legitimately appointed by the

Ministry of Food and Agriculture (MOFA).
Under the auspices of MOFA, the agricultural
communities in the district are classified as
operational areas for ease of monitoring and
evaluation  of  government  programs.
Currently, there are seven operational areas
engaged in intensive cocoa cultivation in the
district. The district has two well-functioning
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rural and community banks namely Bia Torya
Community Bank Limited and Sefwiman
Rural Bank Limited. These banks serve as a
source of financial aid to all categories of
farmers operating in the district. Famers
unable to secure farming credit from the two
RCBs have to rely on local money lenders,
family and friends, personal income, and non-
governmental organizations for sponsoring
their farming activities.

Data Sources

The study used secondary data for cocoa
farmers with access to institutional credit

Table 1. Rural Bank Credit Takers

from the two rural banks in the district. The
credit takers list was provided by the rural
banks containing credit disbursed to cocoa
farmers for the 2018 to 2019 farming season.
The list includes farmers’ details such as
telephone numbers, amount of loan taken,
loan repayment history, etc. Table 1 below
indicates ~ farmer  distribution across
operational areas concerning the credit
secured from the two RCBs. Moreover, 51
and 44 farmers representing 53%, and 47%
secured credit from the two selected RCBs.

Rural Bank Operational Area No. of Farmers Percentage (%) Cumulative %
Bia Torya Bodi 15 29.4 29.4
Community Bank Afere 8 15.6 45.0
Ltd. Suiano 7 13.8 58.8
Kwafuka 9 17.6 76.4
Amoaya 12 23.6 100
Sefwiman Rural Bodi 17 38.6 38.6
Bank Ltd. Datano 3 6.8 45.4
Afere 11 25.0 70.4
Ahibenso 8 18.2 88.6
Amoaya 5 114 100
Source: Author’s survey data.
Data Collection Procedure institutional factors. Information sourced
With the help of credit officers, selected includes farmers' credit use, RCBs

farmers on the credit takers list were
contacted by telephone numbers to seek their
concerns and willingness to participate in the
study. Few farmers were not happy about the
bank’s disclosure of their confidential
information to us but later changed their
position to participate after several hours of
active engagement and explanations. A total
of 95 credit takers from seven operational
areas participated in the study. Cross-sectional
data was collected from credit takers and
RCBs using structured questionnaires. The
questionnaires  were pretested on 10
participants to correct for order bias and
possible misinterpretation of the questions.
Five data enumerators (MOFA’s extension
agents) were trained about the procedure,
particularly in considering the existing
language barriers since the majority of
farmers are illiterates. The explanatory
variables were classified as socioeconomic
factors,  farming  characteristics, and

prerequisites before granting credit, banks’
predicaments of lending to cocoa farmers,
credit recovery rate, and banks’ perception of
the causes of loan default. The research was
conducted from 3™ to 28" November 2019.
Model Specification

The study adopted the probit model because
of its ability to solve the problem of
heteroscedasticity and the dependent variable
can be in binary form and mutually exclusive.
As adopted by [26], the probit model adopted
is specified as:

Pi = P(y{ <y) (1
Pi = P(yi <Bo +Bixy)=f(y) (2
1 Zi SZ
P. =f(y) = — —d 3
L (YL) m[_me 2 S ()
where:

P, represents the choice of a particular farmer
or the probability that a farmer will default his
loan or non-default. S is a random variable
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normally distributed with a meanzero and unit
variance y; is the binary dependent variable.
Also, y{ is the threshold value of the
dependent variable. The estimate of index Z;,
the inverse of the cumulative function is
represented as:

yi = F1 (P) =B +Bxi+m (4)

The By and B; of the probit model gives
inadequate information about the impact of
changes in the independent variable and the
probability of default. Hence the effect of
each independent variable on the likelihood
that a farmer will default on a loan is given as:

Py 7 c
Rl RIONNO

Where P; is the mean dependent variable
whose value is given in the probit as:

fZy=F* () (6

Similar to the study of [21, 29], socio-
economic attributes were identified and
hypothesis constructed regarding farmers'
loan default. The final model is represented
as:

Y=BRo+P1gen+Prage+Pshsesize+Paeduc+pPsoffl
ncome+Pelamount+f7lterm+psdist+fofmsize+

Y is the dependent variable of Loan default
=1, Non-default = 0, 3 values are coefficients
to be estimated, (i =1, 2....,12), Byis the
intercept and e; is the error term. gen denotes
gender of farmer, age denotes the age of
cocoa farmer, hsesize denotes family size,
educ denotes educational status of farmer,
offincome denotes off-farm income activities,
lamount denotes loan amount, Iterm denotes
loan term or repayment period, dist denotes
distance from farmer’s house to the rural
bank, fmsize denotes farm size, disas denotes
any form of disaster that has affected the
farm, fmage denotes age of cocoa farm trees,
inrate denotes interest rate charged by rural
banks on loans. The five-point Likert scale
was used to determine RCB's predicament of
lending to farmers, as well as bank's
perception of the causes of loan default.

Descriptive  statistics were used  for
determining credit recovery rate, causes of
credit delinquency from farmers’ perspective,
and RCBs prerequisites for credit access,
whilst multiple response analysis was adopted
for assessing farmers’ credit use. Table 2
show the priori expectations which indicates
the possible direction of influence of these
variables on the outcome variable. The
positive determinants or signs are perceived to
improve the credit repayment abilities of
farmers while the negatives reduce the

Biodisas+ Prifmage +P12 inrate+ ei  (7) probability of repayment consequently
where: causing a default.
Table 2. A Priori Expectations of Explanatory Variables.
Explanatory Variables Short Description Expectation
Gender Sex of farmer +
Age of farmer Age of farmer +
Household size Size of family +/-
Education Education level of farmer +
Off-farm Income A farmer engaged in off-farm economic activity +/-
Distance to bank Distance from farmers houses to the rural bank +
Farm Size Size of farm +
Age of farm Age of the trees on the farm +/-
Disaster Any form of farm disaster -
Credit amount received Amount of money received from the bank +
Credit terms Credit repayment period +/-
Interest rate Interest rate charged on loans +/-

Source: Author’s survey data.
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RESULTS AND DISCUSSIONS

Descriptive Statistics
The list of variables used is presented in Table
3. The mean cocoa yield for the district was

Table 3. Descriptive statistics of sampled farmers

305.23 kg/ha indicating a lower production
potential for farmers. This result is
inconsistent with the findings of [10] that the
mean vyield of most Ghanaian farms is
approximated at 400 kgha™.

Description of Variables Mean Std. Dev. Min. Max.
Dependent variables

Cocoa yield (kgha) 305.23 35.32 102.21 410.23
Credit default (1=yes, 0=no) 0.65 0.21 0.00 1.00
Explanatory variables

Socio-economic characteristics

Gender (1=male, O=female) 0.90 0.23 0.00 1.00
Age (years) 375 2.13 21.00 59.00
Household size (count) 4.01 0.12 3.00 8.00
Education (1=yes, 0=no) 0.37 0.12 0.00 1.00
Off-farm income (1=yes, 0=no) 0.90 0.23 0.00 1.00
Distance to bank (km) 13.50 3.70 2.54 28.23
Farming characteristics

Farm size (ha) 243 0.18 1.79 6.45
Age of farm (years) 11.05 1.32 5.05 20.07
Disaster (1=yes, 0=no) 0.74 0.21 0.00 1.00
Institutional factors

Credit amount received (Gh¢) 2,000.00 193.43 500.00 3,500.00
Credit terms (months) 8.00 1.02 3.00 13.00
Interest rate (%) 25.00 7.54 15.00 30.00

Source: Author’s survey data.

From the table, 90% of the sample were males,
the credit default rate was 65% suggesting
that majority of credit-takers have defaulted.
[21, 7] reported more than 50% loan defaults
among agriculture credit recipients. The mean
age of farmers was 37.5 years, while the
minimum and maximum of 21 and 59 years
respectively. The mean household size of 4
and a maximum size of 8 people attest to the
fact that the majority of farmers have larger
family  sizes which are  sometimes
advantageous in substituting for paid farm
labor. Formal education is needed for reading
and interpreting  basic  prescriptions,
performing  banking  transactions, and
methodologies to help farmers in areas such
as loan applications, chemical applications,
equipment manipulation, and farm record
keeping [22]. Only 37% of farmers having
access to basic education contradicts the
previous findings of [8]. Besides cocoa
farming, 90% of farmers’ were engaged in
secondary occupations. This was important
because of its sustainability during the lean
season especially when the income of most

farmers plummets. The mean distance from a
farmer's farm to rural banks premises was
13.50 km, with a maximum of 28.23km, all
indicating how far most rural farmers are from
the banking institutions. Adversely, this has
affected many farming decisions such as
attending field demonstrations, applying for
rural banks’ credit schemes, and active
engagement in farmer registrations needed for
budgetary allocation for subsidy programs.
The mean farm size was 2.43 ha supporting
the finding of [6] that the majority of
Ghanaian cocoa farmers are operating on a
small scale basis with land sizes less than 3 ha.
The age of farm which intrinsically represents
the age of trees on the farm was 11.05 years
indicating the majority of the farmers were
operating older farms. As high as 74% of
farmers reported the incidence of pests and
diseases, bush fires, and drought as major
problems in the region. Participants in the
credit program received a mean amount of
2,000 Gh¢, with a minimum and maximum of
500 Gh¢ and 3,500 Gh¢ to be repaid over an
average of 5 months period. Finally, the
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average interest rate charged on most loans by
rural banks was 25% per annum and has a
maximum of 30% per annum. This is critical
for the survival of most farming enterprises
because higher interest rates in the face of
high farming risks and inflation encourage
unprecedented loan defaults.

Rural Banks Pre-requisites for Credit
Access

The information obtained from the RCBs
concerning what they value most before

granting loans to farmers is displayed in Table
4. The credit appraisal systems in most rural
banks in Ghana have evolved over the years,
thus introducing several structural and
security measures that seek to reduce the
number of bad loans that banks accumulate
over the years. It is deemed necessary for all
loan applicants to fully satisfy application
requirements before being considered for
further processing and subsequent granting of
loans.

Table 4. Important RCBs Considerations in Granting Credits

Factors Percentage (%) No. of Banks
1. Collateral security 47.0 2
2. Average deposit required 11.0 2
3. Fixed income guarantees 26.0 2
4. Up-to-date farm records 3.0 2
5. Size of loan facility 9.0 2
6. Duration of loan facility 4.0 2

Source: Author’s survey data.

The most important factors considered by the
banks before granting loans to farmers were
ranked in the order 1 being least important, 2
important, 3 very important, and 4 extremely
important. From the results, banks consider
collateral security (47%) as the single
extremely important factor before granting
loans. Consistent with this finding is that of
[28, 19, 20] which comprehensively deal with
the issues of collateral security used as the
most important prerequisites by financial
institutions. An in-depth discussion with the
selected bank staff revealed some intriguing
information about the kind of collateral
security demanded. Fixed assets such as
registered lands, both private and commercial
buildings, and registered company assets are
the most preferred because of their high
commercial values. The reason is simply to
liquidate these productive asserts in times of
loan default. The most important observation
from this study is that while rural banks
regard collateral security as the most
important evaluation criteria for granting
loans, rural farmers also think it’s the most
difficult condition they can satisfy before
accessing loans hence, it derails their initial
attempt to apply for rural banks loans. The
study also discovered that average deposits by
farmers can be used as determining factor to
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grant loans. This condition for accessing loans
might be introduced due to the inability of
rural farmers to provide collateral security.
Banks have designed it as a substitute for
collateral security, and also to encourage
regular savings habits among rural farmers.
Irrespective of how banks have lessened the
burden of collateral security, regular savings
by farmers cannot be possible because they
have to stay poor for several months before
harvest. Otherwise, to satisfy this condition,
farmers must forcibly liquidate their assets
which ultimately results in higher household
risks. Also, the idea of regular savings
demanded will not be feasible in the context
of the Ghanaian banking sector where the
inflation rate is always higher than the interest
rates of all banks’ savings. Fixed income
guarantee was the second preferred condition
borrowers must satisfy before assessing
credits. Banks needed farmers to be earning
regular income certified by employers where
loan deductions can be easily made or the
appropriate institution can be contacted in
terms of farmers’ breach of contract. This
does not play well with farmers because most
are self-employed and lack fixed incomes in
the sense that the only time of receiving
regular earnings is after the harvesting period.
The size of the loan facility (9%) is also
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considered by selected rural banks before
approval, however, interviewed bank staff
revealed that this criterion is used for huge
sums of monies mostly requested by bigger
business individuals. Duration of loan
facilities was also mentioned, however, 4% of
rural banks claimed it is not a priority but they
sometimes must adapt it, especially for high-
risk borrowers and a large sum of monies.
Rural Banks' Predicaments in Supporting
Rural Cocoa Farmers

The main idea of establishing rural banks in
many farming communities in Ghana is to

provide financial incentives to farmers which
will consequently contribute to production
efficiency. However, many factors have
derailed the positive working condition of
rural banks in the country. In determining the
most influential factors framing rural banks
from further offering credit to cocoa farmers,
we relied on a five-point Likert scale which is
considered an interval scale. The variables
were scored in the range; 1=strongly disagree,
2= disagree, 3=neutral, 4=agree, and
5=strongly agree.

Table 5. Rural Banks' Predicaments of Issuing Credits to Farmers

Variables N Minimum Maximum Mean Std. Deviation Skewness
Misappropriation of funds 10 4.00 5.00 4.60 0.516 -0.484
High default rate 10 4.00 5.00 4.60 0.516 -0.484
High illiteracy rate 10 4.00 5.00 4.30 0.483 1.035
Lack of collateral security 10 1.00 5.00 3.90 1.595 -1.441
Risk in cocoa farming 10 2.00 5.00 3.80 0.918 -0.601
Death of borrower 10 2.00 4.00 2.90 0.737 0.166

Source: Author’s survey data.

While the generated mean is considered to be
very significant, the criteria for evaluation
stipulate that from 1 to 1.8 suggests strongly
disagree, 1.81 to 2.60 suggests disagree, 2.61
to 3.40 holds for neutral, 3.41 to 4.20 for
agree, and from 4.21 to 5 simply implies
strongly agree. The results from Table 5
suggest that majority of the bank respondents
strongly agree that misappropriation of funds
and high default rate among farmers is the
critical factor inhibiting them from financially
supporting the agricultural sector.
Misappropriation of funds is very common
among rural farmers. The majority of farmers
intentionally divert agricultural credit to non-
agricultural  activities such as buying
commercial vehicles for business, building
houses for renting, organizing a funeral for
dead relatives, etc. However, without properly
evaluating these investment options, many
farmers run into serious debts which
consequently result in loan defaults. Many
studies have also reported the instances of
farmers diverting agricultural loans to non-
agricultural uses and its effect on their loan
repayments abilities [28, 19, 20]. The high
illiteracy rate among farmers having a mean
value of 4.30 suggests that banks strongly

agree to it as a major problem whenever
dealing with  farmers. All  financial
transactions are executed formally hence
requiring all parties involved to write and
understand the contract terms and conditions
before appending their signatures. Sadly, the
majority of cocoa farms are illiterate and can
hardly understand the conditions explained to
them. The issue of collateral security with a
mean of 3.90 agreed as another potential
factor many farmers grapple with upon being
requested by many banks. Farmers have
grieved with this requirement but nothing can
be done about it since rural banks have to find
suitable means to recover disbursed loans in
times of default. Banks agree to the fact that
cocoa farming is a risky business that
ultimately depends on several factors besides
farmers’ accessibility to suitable farming
credits. Surveyed banks were neutral about
the death of borrowers since it was a non-
recurring problem.

Credit Recipients Credit Use

The proper use of credit will eventually reflect
the repayment abilities of farmers. Many
financial institutions have gone defunct due to
the inability of rural farmers’ to fulfill their
loan repayment obligations. Table 4 indicates
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the uses of loans by farmers from the selected
RCBs. From the results, 51.04 % and 38.3%
of funds received from the two RCBs were
used for farming purposes. Averagely, the
selected farmers invested 44.6% of their funds
in cocoa cultivating activities. Non-farm uses
of credit for the 95 recipients which include
spending on school fees, trade expansion, and
building of houses recorded a mean value of
25.02% of the credit amount received. The
use of loans for the purchase of items for
consumption, and durable goods accounted
for 25.43% and 35.22% of the total amount

Table 6. Use of Credit from Rural Banks

borrowed from the RCBs. The purchase of
food items constituted a larger proposition of
this spending. The findings suggest that some
farmers are abusing agricultural credit, and
further support the assertion that although
most entrepreneurs state lack of finance as a
hurdle to farm set-up and commercialization,
it is not a grantee that they will use it
productively when granted [39, 4]. The
present findings on the issue of credit default
among farmers are in line with these studies
[31, 3].

Credit Use Bia Torya Bank Sefwiman Rural Bank Grand Total
Number of Percent of | Number of Percent of | Number of Percent of
farmers funds farmers funds farmers funds
reporting use reporting use reporting use | (Mean)
Farm Use
Hired Labour 37 21.7 22 14.8 59 18.25
Farmland 21 1.09 12 0.82 33 0.95
Seed/seedling 14 9.06 15 2.54 29 5.80
Farm Implement 17 7.34 11 8.93 28 8.14
Fertilizer 47 9.54 17 9.65 64 9.59
Others 9 2.31 11 1.54 20 1.93
Total 51.04 38.28 44.66
Non-Farm Use
School fees 7 4.71 6 3.43 13 4.07
Trade expansion 5 9.35 13 12.43 18 10.89
Building / 8 7.21 6 7.81 14 7.51
Repairing house
As loans to 3 0.78 2 0.98 5 0.88
relatives
As loans to 2 0.94 2 0.91 4 0.93
farmers
Others 2 0.54 4 0.94 6 0.74
Total 23.53 26.50 25.02
Consumption/ Durable Goods
Food 51 15.73 44 21.45 95 18.59
Clothes 9 0.91 12 0.72 21 0.82
Festivals/ 15 2.34 11 4.75 26 3.54
Ceremonies
Durable goods 13 3.20 29 4.21 42 3.71
Hospital 29 1.74 11 2.14 40 1.94
Dowries 3 0.95 5 1.59 8 1.27
Others 2 0.56 3 0.36 5 0.45
Total 25.43 35.22 30.32

Source: Author’s survey data.

Loan Delinquency

The inability of farmers to meet the
repayment deadline requested by RCBs
usually results in farmers’ loan defaults. The
mean amount of loan received by the
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recipients was 2,000 Ghana cedis (GH¢), with
a minimum and maximum amount of 500 and
3,500 Gh¢ respectively. In literature, loan
delinquency which is synonymous with
default is accounted for as (1) the number of
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people who defaulted and (2) the amount of
credit delinquent. It was discovered that out of
95 credit takers, 65 were delinquent in
repayment, which produces a delinquency rate
of 68.4%. In total, a sum of 850,000 Gh¢ was
loaned out to cocoa farmers by the two rural
banks. From this amount, only 389,000 Gh¢
was recovered which gives a repayment/
recovery rate of 45.76% and a delinquency
rate of 54.23%. The causes of delinquency

Table 7. Causes of Credit Delinquency (n=62)

then become an important topic in this study
and must be unveiled. The causes of credit
default are mostly attributed to smallholder
farmers, however, since all categories of
farmers can default, default cannot be
assumed to be a function of poverty. If it were
to be, then, most financial institutions would
have found the solution and achieved a 100%
recovery rate.

Causes of Delinquency Percentage (%)
Causes due to the borrower
I don’t have a feeling of obligation to repay 0.45
Unwillingness to liquidate farm assets to meet repayment obligation 15.90
Credit corporation is government-owned, so no need to repay its loan 0.95
My share of the national cake 1.75
Credit corporation’s repayment could be delayed until I have money to repay 4.65
Non-serious attitude of some group members/chairman 0.90
Sub-total 24.60
Causes due to the lender
Unavailability of the credit package input at the season when the loan was approved 2.78
Credit package input arrived too late for use at the season when the loan was approved 5.74
Credit corporation officials usually arrive without prior notification to collect the loan 3.87
repayment
Credit corporation officials promised to buy farm produce resulting from the use of credit 2.45
but failed
Credit approval delayed 6.75
Improper supervisor of loans use by bank staff 10.45
Sub-total 32.04
Causes due to nature
Low returns on investment made with the loan 2.45
Low crop yield due to bad weather 12.20
The outbreak of disease on the farm 11.75
Farmer’s sickness during the farming season 0.90
Financial problems in the family 5.54
Bush fire due to extreme temperature regimes 9.90
Litigation on the land due to government projects 0.62
Sub-total 43.36

Source: Author’s survey data.

Since the willingness to pay and the attitude
of borrowers are key determinants of their
repayment abilities, trying to find a single
reason for loan default becomes difficult.
Following the study of [31] and in table 7, the
causes of delinquency are classified into three.
The first, delinquency resulting from the
farmer’s activity termed as “causes due to the
borrower” was 24.60 %. Issues such as
farmers’ unwillingness to liquid their farm
assets to repay loans during default was the
highest (15.90%), forcing a delay in
repayment periods given by banks (4.65%),

and share of national cake (1.75%). The
second which is a cause emanating from the
activities of the lender termed “causes due to
lender” was 32.04%. The majority (10.45%)
of farmers asserted that rural banks were
operating credit schemes with weak
monitoring systems causing loan diversion
among farmers. The delay in approving
credits due to bureaucratic procedures was
another problem faced by farmers. This has
caused a delay in purchasing farming inputs
resulting in the late application of fertilizers,
insecticides, and weedicides ultimately
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contributing to lower yields. The third which
is beyond farmers’ control because it’s a
cause by nature was 43.36%. Farming-related
problems such as bush fires, uncertain
weather conditions, litigation cases, and low
return on investment were among the topmost
concerns. Studies exist on the effects of pests
and diseases causing annual cocoa Yyields
losses in Ghana [12, 5]; the importance of
good weather in agriculture systems [33];
delays in loan repayments by farmers [41, 23];
lack of farming credits [38]; and delays and
bureaucratic processes involved in loan processing
[21].

RCBs’ Perception of the Causes of Loan
Delinquency

Table 8. Banks’ Perception of the Causes of Loan Default

Table 8 critically examines the most
influential causes of loan default among
farmers from RCB’s perspective. Rural banks
operate within a constrained framework of
budgetary allocation hence, a large amount of
non-performing loans will automatically
render the bank defunct. Nevertheless, many
RCBs have stringent lending policies that
seek to continuously identify and eliminate
the delinquent behavior of farmers. In
determining the most influential factors
considered by RCBs in causing loan default
rates among farmers, we relied on a five-point
Likert scale. The variables were scored in the
range; 1=strongly disagree, 2= disagree,
3=neutral, 4=agree, and 5=strongly agree.

Variables N Minimum Maximum Mean Std. Dev. Skewness
Death of borrower 2 2.00 5.00 3.40 0.96 -0.11
Misappropriation of funds 2 4.00 5.00 4.70 0.48 -1.03
Unwillingness to pay 2 4.00 5.00 4.10 0.31 3.16
Risk in cocoa farming 2 3.00 5.00 4.20 0.63 -0.13
High interest rate 2 4.00 5.00 4.60 0.51 -0.48
Delay in loan processing 2 1.00 4.00 2.40 1.07 0.32
Inadequate loan amount 2 1.00 4.00 2.60 1.17 -0.04
Excessive loan amount 2 1.00 2.00 1.50 0.52 0.00

Source: Author’s survey data.

While the generated mean is considered to be
very significant, the criteria for evaluation
stipulate that from 1 to 1.8 suggests strongly
disagree, 1.81 to 2.60 suggests disagree, 2.61
to 3.40 holds for neutral, 3.41 to 4.20 for
agree, and from 4.21 to 5 implies strongly
agree. From the empirical results, the
misappropriation of funds by farmers with a
mean of 4.70 was selected as the most
influential cause of the sprawling loan default
among farmers. According to [37, 18], the
intentional diversion of loans to non-
productive  activities  which  preclude
borrowers’ chances of loan repayments needs
to be addressed by all financial institutions
before granting loans. High-interest rates
charged on loans with a mean of 4.60 indicate
a strong agreement. Currently, the 30% per
annum interest rate charged by RCBs on most
agricultural loans subjects farmers to poverty
forcing them to liquidate their productive
assets to settle their debts. Moreover, the issue
of high-interest rates charged on loans causing
major repayment problems for borrowers has

104

been reported in many studies [41, 23]. Risk
in cocoa farming with a mean of 4.20 suggests
an agreement by banks for its causal effect on
loan default among farmers. [13, 27] have
attested to this finding and recommend proper
insurance policies be enacted for farmers. The
unwillingness on the part of some farmers to
repay loans (4.10) is another critical factor
hindering the active financial performance of
RCBs in rural communities. Rural farmers are
of the view that RCBs sponsorship directly
emerges from the Bank of Ghana, hence,
without fulfilling their loan obligations will be
taken as a piece of cake. Bank staff held a
neutral view on the death of loan takers
leading to default because they suggested that
living relatives can sell the deceased’s farm
stocks after harvest to settle any outstanding
loans. Delay in loan processing and the
inadequate loan amount was disagreed to be
causing agent for loan default. Moreover,
banks strongly disagree with giving rural
farmers excessive loans causing significant
repayment problems.
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Factors Influencing Farmers' Credit
Repayment

Since personal characteristics, household,
economic situations, and other relevant
farming factors vary, the 95 loan takers will
not be expected to behave in similar ways
when the issue of repayment is at stake. From

Table 9. Determinants of Loan Repayment of Farmers

Table 9, model diagnostics indicate the
coefficient of determination to be 0.670.
Practically suggests that 67% of the variations
in the loan repayment abilities of farmers are
appropriately represented by the explanatory
variables used.

Variable Coefficient Standard errors 7Z-stats.
Constant -2.157"" 0.289 -7.435
Age of household head -0.143 0.114 -1.254
Gender of household head 0.112 0.321 0.348

Secondary occupation 0.241™ 0.017 14.176
Farm age 0.014 0.132 0.106

Formal education 0.046™ 0.012 3.433

Household size -0.214" 0.101 -2.195
Farm size 0.121 0.103 1.174

Loan amount -0.213" 0.101 -2.709
Loan terms 0.613™ 0.204 3.007

Interest rate -0.428™ 0.123 -3.479
Distance to banks -3.076" 1.071 -2.187
Model Diagnostics

LR Chi? 29.71

Pseudo R? 0.670

Prob > Chi? 0.000

Wald Chi? 27.42""

Observations 95

*hk Kk *

denote significance at 1, 5 and 10%.
Source: Author’s survey data.

From the results, farmers' repayment abilities
were been determined by secondary
occupation, attainment of formal education,
household size, loan amount received, loan
terms, interest rate, and distance to rural banks’
premises. Specifically, age and gender of the
household head did not show any important
implication for determining the loan
repayment abilities of farmers. This aligns
with the findings of [7, 2]. Secondary
occupation was a positive determinant of
repayment because farmers can generate
secondary sources of income to meet rural
bank's payment deadlines. However, this
finding is opposite to that of [7] that off-farm
income activities negatively influence the loan
repayment abilities of farmers. The positive
and significant coefficient of educational
attainment suggests that it improves farmers’
chances of repayment by 4.6% compared to
their non-educated counterparts. The current
findings agree with that of [31, 3]. Household
size with significant and negative coefficient

suggests that farmers with larger family sizes
are likely to be loan defaulters due to fund
diversion to meet household needs. The
amount of loan received, and the loan term
also known as the payment period are
significant determinants of the repayment
ability of farmers. The negative coefficient of
loan amount suggests that farmers who are
earning loans that are not commensurate with
their farming needs will incur debt. [36, 25]
postulated that larger loans and longer loan
terms improve the repayment abilities of
borrowers. Interest rate was a negative
determinant of farmers’ repayment abilities
because, at higher interest, farm profits
sometimes fall short of investments. Finally,
distance to the bank with its negative
coefficient indicates that farmers distanced
from RCBs are likely not to meet repayment
deadlines.
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CONCLUSIONS

This study aimed at identifying the causes of
loan default among cocoa farmers who
accessed credit from the two major rural and
community banks in the Bodi district in
Ghana. The probit model, five-point Likert
scale, and descriptive statistics were used for
data analysis. Results indicated that out of 95
farmers who accessed credit from the two
RCBs, 65 defaulted in repayment. The RCBs
value the use of collateral as the single most
important factor before granting credit to
farmers. Rural banks' predicaments of issuing
credits to farmers include misappropriation of
funds, high default rate, and high illiteracy
rate of farmers. The loan use of credit takers
which can accurately predict their repayment
ability was investigated under three user
categories namely (i) farm use, (ii) non-farm
use (iii) consumables/ durable goods.
Averagely, farmers invested 44.6% of their
funds in cocoa cultivating activities- farm use.
Non-farm uses of credit absorb a mean of
25.02% of funds and include spending on
school fees, trade expansion, and the building
of houses. The loan spent on consumption,
and durable goods accounted for 30.32% of
the amount borrowed. In total, a sum of Gh¢
850,000 was loaned to farmers, and Gh¢
389,000 was recovered producing a recovery
rate of 45.76% and a delinquency rate of
54.23%. Investigating the causes of
delinquency among the 65 defaulters, 24.60%
of the causes were attributed to the borrower,
32.04% causes due to the lender, and 43.36%
of causes due to nature. RCBs perceived
causes of loan default among farmers include
misappropriation of funds, unwillingness to
pay, the risky nature of cocoa farming, and the
high-interest rate charged on loans. From
Probit estimation, farmers' repayment abilities
were influenced by secondary occupation,
formal education, household size, loan
amount received, loan terms, interest rate, and
distance to the bank. With the above findings,
we recommend that RCBs develop a
comprehensive loan monitoring system that
seeks to reduce cocoa farmers’ loan diversion
to non-agricultural-related activities.
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Abstract

Mycotoxins are toxic compounds for animals and humans, naturally produced by different types of fungi. Exposure
to mycotoxins through the consumption of contaminated food or feed leads, among others, to gastrointestinal and
renal disorders to the point of immune deficiency and cancer. Most mycotoxins are chemically stable and persist in
food processing. Given the implementation of the requirements of the European Green Deal, especially those
related to organic products, and in the context of climate change, especially regarding temperature and humidity
fluctuations, the increase of the presence of mycotoxins in food and feed is highly expected. However, the evaluation
of the degree of mycotoxin contamination in different steps on the food chain, with fast and accurate methods, is still
an issue for farmers, especially those producing inputs for feed. In the context of a rising organic products market,
the frequency and severity of issues related to mycotoxins contaminations are expected to increase. The current
work presents the most recent data on mycotoxins occurrence in the world and in Europe and review the mycotoxins
monitoring regulations in Europe and Romania. In the same time, the paper analyses the diverse array of methods
of analysis developed in recent years and propose a non-exhaustive list of authorized and accredited laboratories in
Romania, where players of the agri-food chain can check the quality of the feed inputs and manage the quality of
their products. Our analysis shows an increased interest of the Romanian producers on food and feed safety issues,
which led to a diversification of services in mycotoxins analysis field in Romania.

Key words: quality management, food safety, mycotoxins, ochratoxin A, cereals

INTRODUCTION

Mycotoxins are  secondary  metabolites
produced by different types of fungi, as
Aspergillus, Fusarium, Penicillium,
Claviceps, and Alternaria [7], and are toxic to
animals and humans [10]. The term
"mycotoxins™ was introduced in 1961, after
more than 100,000 turkeys died from a
mysterious disease called "turkey X disease”
in Great Britain [28, 33]. Studies showed that
the cause of the disease was actually in the
feed, which included peanuts contaminated
with aflatoxins, secondary metabolites of
Aspergillus flavus [28, 33]. Mycotoxins enter
the food chain because of crop infection

before or after harvest and are mainly found in
cereals, dried fruits, nuts and fruits and
vegetables [10], but also in molluscs, herbs
and spices, feed materials [20]. Exposure to
mycotoxins  through ~ consumption  of
contaminated food or from animals fed with
contaminated feed, especially aflatoxins,
ochratoxin A and toxins secreted by the genus
Fusarium,  (deoxynivalenols) leads to
gastrointestinal and renal disorders up to
immune deficiency and cancer in humans
[10]. In animals, high concentrations of
mycotoxins may lead to acute symptoms,
while low levels have long term impact on
animal performance, which include, but are
not limited to reduced weight gain, limited
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feed efficiency, decrease in egg production,
low milk production, reproductive failure, etc.
[7]. Mycotoxins in feed represent a particular
risk, especially for poultry, as their feed is
composed of different ingredients, primarily
cereals (rice, wheat, barley, oats, rye, maize,
sorghum, and millet), by-products of milling
[27], that all are highly susceptible for

mycotoxin ~ contamination  [26].  The
mycotoxins mode of action is generally
represented by breaking cell membranes,

preventing or influencing the synthesis of
DNA, RNA and proteins, both in humans and
animals [34]. In the context of increasing the
organic production, stimulated by the new
European Green Deal, and the large
fluctuations in the temperature and humidity
regime favorized by the climate change
(factors favoring the growth of fungi), an
increase of mycotoxins incidence in food and
feed is anticipated.

Currently, around 300-400 mycotoxins are
known, but only 20-30 of them are supervised
by the authorities, due to their increased
toxicity [10]. According to other sources, a
larger number of mycotoxins is proposed,
between 20,000 and 300,000 mycotoxins [33].
According to the EC 2016/1319, special
attention must be paid to cereals and cereal
products used directly in the feed of animals
in own households, because the use of
uncontrolled feed in the daily ration should
not lead to the exposure of animals to a very
high level of mycotoxins [18]. It is also worth
mentioning that most mycotoxins are
chemically stable and survive household food
processing [35, 38]. At global level it was
created a committee of scientific experts
jointly convened by the World Health
organization (WHO) and the Food and
Agriculture Organization of the United
Nations (FAO), called Joint FAO/WHO
Expert Committee on Food Additives
(JECFA), responsible for assessing the health
risk caused by natural toxins, including
mycotoxins [38]. International standards and
codes of practice for limiting exposure to
mycotoxins in certain foods are established by
the Codex Alimentarius Commission based on
JECFA assessments. European Food Safety
Authority (EFSA) pays special attention to the
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monitoring of mycotoxins in animal feed,
financing projects focused on this topic [11],
since ochratoxin A (OTA) was proven to be a
strong  nephrotoxic,  hepatotoxic, and
teratogenic compound [8]. Intake of feed
contaminated with OTA affects animal health
and productivity and may lead to the presence
of OTA in animal products for human
consumption. Control strategies for OTA in
food products require immediate identification
and removal of contaminated commodities
from the food chain [8]. However, current
analytical protocols may fail to identify
contaminated products, especially in animal
feed [5, 7]. OTA is produced by several
species of Aspergillus and Penicillium and is a
common mycotoxin that can contaminate
food, forming during storage of agri-food
products. Its most noticeable and notable
effect is kidney damage, but the toxin can also
have effects on fetal development and the
immune system [38]. To minimize the risk of
contamination  with  mycotoxins, it is
important to remember that some molds can
produce visible infections, but other can
penetrate deep into food without being visible.
There are general guidelines for storage, to
avoid mold growth, such as efficient drying of
goods and keeping them dry, proper storage in
controlled, low humidity. However, to
minimize the health risk caused by
mycotoxins, people are advised to regularly
inspect stored grains (especially maize,
sorghum, wheat, rice), and avoid damage to
the grains before and during drying and
storage, as damaged grains are more prone to
mold invasion and therefore mycotoxin
contamination; to purchase grains as fresh as
possible; to regularly check the storage
conditions and the integrity of the storage
spaces, to store for as short periods as possible
and to ensure a diverse diet, which also
reduces exposure to mycotoxins, but also
improves nutrition [37]. Pre-harvest methods,
as using resistant varieties, biological and/or
chemical plant protection products and field
and harvest management and post-harvest
methods as drying, maintaining good storage
conditions and chemical protection are also
good ways of limiting mycotoxins production

[71.
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Still, all these measures do not grant
themselves that food and feed is safe and
mycotoxins free. Despite the efforts and good
agricultural practices, it is estimated that
today 25% of the world's grain production is
contaminated with mycotoxins [35]. Such
high pressure on the food safety side requires
easy access to fast and sensitive analysis
methods with low detection limit values.

As methods of reducing mycotoxins effects,
various ways have been tested, including
sorbent materials [7], addition of enzymes
[27], addition of detoxifying microorganisms
[33], etc., both in vitro and in vivo. Among
the trials, activated chydrated sodium calcium
aluminosilicate, cholestyramine esterified
glucomannan, diatomaceous clays, bentonite
are the binding agents used in animal feed to
prevent the adverse effects of mycotoxins [7,
28]. In addition, biological control of the
mycotoxin-producing  fungi  has  been
developed, based on antagonistic
microorganisms [33]. Still, these treatments
imply additional costs and should be
correlated with the mycotoxins content.

The present paper reviews the most recent
data on mycotoxins occurrence in the world
and in Europe and review the mycotoxins
monitoring regulations in Europe and
Romania. At the same time, the mycotoxins
methods of analysis are presented, including
the laboratories in Romania that perform these
analyses.

MATERIALS AND METHODS

To reach the paper objective, a comprehensive
review of the available online and of offline
bibliographical references (Reports, Statistics,
research papers, books, textbooks etc.), using
the following international databases: Web of
Science - Core Collection, Scopus (Elsevier),
Science Direct Freedom Collection (Elsevier),
Oxford Journals, CAB Abstracts, Google
Scholar, simple Google research. The key
words used for databases research were

“mycotoxin” “mycotoxin definition”,
“mycotoxins impact, food”, “mycotoxins
impact, feed”, “sources of mycotoxin
contamination”, “mycotoxins monitoring”,

“mycotoxin analysis”. The search aimed at

emphasizing the main aspects related to the
subject at the global level, and especially in
Europe and Romania. The legal framework
regarding mycotoxins management was
provided by Food and  Agriculture
Organization of the United Nations (FAO),
Europe Food Safety Authority (ESFA),
European Commission regulations,
recommendations, laboratory, World Health
Organization, National Sanitary Veterinary
and Food Safety Authority Bucharest,
Romania and its laboratories operating under
the Institute of Hygiene and Veterinary Public
Health (IISPV). The content of this article
reflects the authors' opinions based on their
original approach of the topic, regarding the
logical structure of the researched problems,
the depth of the detailed information, and the
conclusions drawn at the end of the study.

The assessment of the degree of
contamination with mycotoxins of feed inputs
on the agri-food chain was done within a
research project destined to improve quality
management of agri-food products.

RESULTS AND DISCUSSIONS

Occurrence of mycotoxins contamination
of feed inputs on the agri-food chain in the
world

As reported by EW Nutrition, one of the
biggest companies in mycotoxins analysis,
with global coverage, on out of more than
4,000 analyses (over 1,000 samples covering
grain and by-products commonly used in
animal feed worldwide), 95% of the samples
were contaminated with at least one
mycotoxin [21].

0TA =

DON 5 ZEA

55 DON
i) AFL

AFL

Fig. 1. Distribution of main mycotoxins by continent
Source: [35].
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As a common finding of their assessment,
most positive samples usually contained three
or more mycotoxins, multiple contamination
being the most usual [21].

The prevalence of mycotoxins varies by
continent; in  Europe, deoxynivalenol,
ochratoxin A and zearalenone are the most
common, while aflatoxins and fumonisins are
most common in Australia (Figure 1).
Occurrence of mycotoxins contamination
of feed inputs on the agri-food chain in
Europe

With a solid set of legal acts implemented, EU
strives to ensure that food is safe for its
consumers, through one of the highest food
safety standards in the world.

In 1979 an alert system was created to notify
countries as fast as possible about food safety
concerns.

Today, the Rapid Alert System for Food and
Feed (RASFF) facilitate vital information
exchanged in real time, making possible
products recalling from the market before they
could harm consumers [20].

According to the ACN Annual report 2021,
mycotoxins were found in 450 food samples,
in 2021, a number which is with 6% higher
than in 2020 but with 23% lower than in 2019
[13]. The majority of positive samples — 399,
were aflatoxins, of which 273 cases were
reported in nuts [13]. As recurrent
notifications, dried figs from Turkey where in
57 of cases.

The mycotoxin most frequently found in food
was aflatoxin B1, but also ochratoxin A, with
47 positive samples, of which the majority
were spices and dried figs [13]. For the
current year, there were 414 alerts already
issued including the word “toxin’, of the total
1,288 listed.

Out of the total alerts for 2022, 344 alerts
where for aflatoxin, of the total of 1074 alerts
for aflatoxin, 49 alerts were for ochratoxin A,
of the total of 136 alerts, four alerts of
lipophilic toxins, out of the total 11 listed, two
alerts for azaspiracid toxins, two alerts for
mycotoxins, in general, out of the five listed,
one staphylococcal toxin out of the two alerts
listed, one zearalenone alert out of the two
listed, three alerts for fumonisins of the 10

112

alerts in total, and three patulin alerts out of
the total eight listed [13].

As conclusion, in RASSF, mycotoxins
represented in 2021 the third most notified
hazard category, and three-quarters of the
notifications were border rejections [13].
Mycotoxins monitoring and analysis in
Europe

At EU level, the body coordinating the
mycotoxin topic is the Directorate-General for
Health and Food Safety [9].

The authority making the recommendations is
the European Food Safety Authority (EFSA)
[12]. The EU Reference laboratory (EURL)
for Mycotoxins and Plant Toxins is the
Wageningen Food Safety Research Institute
(WFSR), specialized in (forensic)
measurements, top level research and
development of methods to detect substances
in food and feed, for a safe and authentic food
[37].

The legislation and regulatory acts in place
guiding the mycotoxins’ related activities are:
- Commission Regulation (EC) No 401/2006
of 23 February 2006 laying down the methods
of sampling and analysis for the official
control of the levels of mycotoxins in
foodstuffs [14],

- Commission Regulation (EC) No 1881/2006
of 19 December 2006 setting maximum levels
for certain contaminants in foodstuffs [15],

- Commission Recommendation of 15 March
2012 on the monitoring of the presence of
ergot alkaloids in feed and food [17],

- Commission Recommendation of 17 August
2006, on the presence of deoxynivalenaol,
zearalenone, ochratoxin A, T-2 and HT-2 and
fumonisins in products intended for animal
feeding [16].

Therefore, the Commission for Food Safety
Recommendations includes the following
mycotoxins to be monitored:

-Aflatoxins

-Fusarium toxins

-Deoxynivalenol

-Fumonisins

-Nivalenol

-T-2 and HT-2 toxin

-Zearalenone

-Ochratoxin A

-Patulin (Figure 2)
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Fig. 2. The mycotoxins that should be monitored as
recommended by the EU Commission for Food Safety
Source: Own design based on [10].

In addition, following the EFSA opinions, the
Standing Commission for Food safety also
recommended the following mycotoxins to be
monitored:

-Sterigmatocystin,

-Ergot alkaloids,

-Phomposins,

-Alternaria toxins

-Citrinin [19].

The Standing Committee on plants, animals,
food and feed, the section of Toxicological
Safety of the Food chain, held in Brussels
several meetings in the period 2012-2014, and
issued a “Compilation of agreed monitoring
recommendations as regards the presence of
mycotoxins and plant toxins in food”, a
document that includes valuable data on the
methods, the limits of quantification and the
foods /feeds to be targeted for monitoring the
presence of tropane alkaloids,
sterigmatocystin,  deoxynivalenol,  ergot
alkaloids, phomopsins, citrinin, pyrrolizidine
alkaloids, and Alternaria toxins [19, 31].
Mycotoxins monitoring and analysis in
Romania

In Romania, the responsible authority for
mycotoxins monitoring and analysis is the
National Sanitary Veterinary and Food Safety
Authority, Bucharest (ANSVSA), by the
laboratories operating under the Institute of
Hygiene and Veterinary Public Health
(IISPV).

These laboratories, functioning as National
Reference Laboratories (NRL), are:

- NRL for Mycotoxins and Plant Toxins in
Food Products of Animal Origin and Animal
Feed

- NRL for Mycotoxins in Food Products of
Non-Animal Origin.

As regulatory acts, beside the EC regulations
and recommendations, in Romania the
following laws are in place:

- Order no. 63 of October 10, 2012 for the
approval of the Veterinary Sanitary Norm that
establishes the minimum standards regarding
the protection of birds on the farm and during
transport [3],

- Decision no. 1156 of December 23, 2013 for
the approval of the sanitary-veterinary actions
contained in the Program of actions for
surveillance,  prevention, control  and
eradication of animal diseases, of those
transmissible from animals to humans, animal
protection and environmental protection,
identification and registration of cattle, pigs,
sheep, goats and equids, of the actions
provided for in the Food Safety Supervision
and Control Program, as well as the related
tariffs [4].

A special care related to animal feed is given
by the law to the poultry feed, the maximum
level of mycotoxins being the following:

a) deoxynivalenol: 8 mg/kg for cereals and
cereal products, 12 mg/kg for corn products
and 5 mg/kg for combined feed;

b) zearalenone: 2 mg/kg for cereals and cereal
products and 3 mg/kg for corn products;

c) ochratoxin A: 0.25 mg/kg for cereals and
cereal products and 0.1 mg/kg for combined
feed,

d) fumonisin: 60 mg/kg for corn and corn
products and 20 mg/kg for combined feed.
These values are the same for the breeding
hens, chickens intended for meat production
and turkeys intended for meat production [3].
In Romania, besides the central and local
laboratories of the ANSVSA, there are also
private laboratories that perform mycotoxins
analysis, all of them being authorized both by
the ANSVSA and accredited by the Romanian
Accreditation Association (RENAR).

The entities listed in Table 1 are the first that
appears on a simple Google search, using the
key words “mycotoxin analysis”.
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Table 1. The Romanian authorized laboratories to perform mycotoxins analysis

Laboratory name  Region / City Matrix Mycotoxin
IBA Bucuresti Bucharest Very diverse DON, AFL, ZEA, OTA, AFLM1
ICA Research & Bucharest wheat, corn, spices, coffee, animal DON, OTA, PA, T-2 / HT-2ZEA
Development feed
APIS Laboratories Moldova / milk, milk powder, animal feed, DON, ZEA, OTA, AFL, FUM
Tasi grains, grain products, corn-based
foods and nuts
IQLAB Service Bucharest Food and feed AFLA, OTA, ZEA, DON
SRL
Eurolab International Food and feed MYC, AFL-M1, AFL-B1, DON,
laboratory services FUM, DAS, HT-2, OTA, PA, OTB,
CTN, T-2, ZEA
SGS Romania S.A.  International Not specified Available on request
Synevovet International Diverse matrixes AFLA, AFL-B1, AFL-M1, OTA,

DON, ZEA, FUM, T-2

Primoris Bulgaria Plovdiv, animal feed, cereals and cereal AFL, DON, AFL-M1, FUM, T2,
Bulgaria products, coffee, dried fruits and OTA, ZEA, ERG, PA, TA
nuts, milk, baby food, apple
ALS Laboratories  Ploiesti, Deva, cereals, dried fruits, nuts, spices, DON, AFL-M1, OTA, ZEA, PA, T-
lasi cocoa 2
LABROM Bacau, Alba animal feed AFL, OTA, DON
lulia

Aflatoxins (AFL)
Aflatoxin B1 (AFL-B1)
Aflatoxin M1 (AFL-M1)
Citrin (CTN)

HT-2 toxin (HT-2)
Mycotoxins (MY C)
Ochratoxina A (OTA)
Ochratoxina B (OTB)

Ergot alkaloids (ERG) Patulin (PA)
Fumonizin (FUM) Tropane alkaloids (TA)
Deoxynivalenol (DON) T-2 toxin (T-2)

Diacetoxyscirpenol (DAS)
Source: Own conception.

Mycotoxins analysis methods

Today, a high number of methods of analysis
for mycotoxins are available, but researchers
in food safety are continuously developing
new methods, to obtain a faster and more

reliable result. Among the developed
methods, we name the thin layer
chromatography (TLC) [30], gas

chromatography - mass spectrometry (GC-
MS) [6], liquid chromatography - tandem
mass spectrometry (LC-MS/MS) [2; 24; 29],
immunologic method ELISA (Enzyme
linked immunosorbent assay [22, 23], gold
nanoparticle-based immunochromatographic
assay. These quantitative methods, are based
on different extraction and clean-up
techniques, such as: liquid-liquid extraction
(LLE), immunoaffinity columns (IAC),
supercritical fluid extraction (SFE), solid
phase extraction (SPE) [36], solid phase
microextraction  (SPME) [39], cation
exchange resin [32], liquid-liquid
microextraction in porous hollow fibers, and
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Zearalenon (ZEA)

solid bar microextraction (SBME) - which
using uses only a few milligrams of a sorbent
wrapped in a hollow fiber micro-tube [1]. One
of the most used methods for ochratoxin A
analysis in feed inputs is the HPLC-FLR
technique after purification on immuno-
affinity columns due to its high sensitivity.
Fluorimetric detector for HPLC remains the
classical and stable method with a wide
application area in mycotoxins analysis,
where the influence of matrix is negligible.

In 2018 an LC-MS/MS method for the
simultaneous determination of citrinin and
ochratoxin A in a variety of feeds and foods
was developed and validated, which shows
the scientific community's concern for this
challenge [25]. This method is also rather
expensive, usually time-consuming and
requiring deuterated internal standard, for
these reasons, LC-MS/MS is more often used
for the elucidation of OTA metabolites and
for structural confirmation.
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CONCLUSIONS

Mycotoxins are an increasing threat for food
security, despite the efforts done to improve
the agricultural practices and the post-
harvesting practices. In the last years, special
attention was given to the mycotoxin issues,
many  official recommendation  and
regulations being issued by the competent
authorities, in the world, Europe and
Romania. Despite the measures taken and
awareness campaigns organized by different
stakeholders, mycotoxins are still an issue of
concern and the research on new methods for
more sensitive and reliable results is ongoing.
Diverse methods of analysis have been
recently developed and many new authorized
and accredited laboratories in Romania allow
not to the players of the agri-food chain to
check the quality of the feed inputs and
manage the quality of their products. There is
an increased interest of the Romanian
producers on food and feed safety issues,
which led to this diversification of analysis in
Romania, including for mycotoxins that are
not included in the EU or National regulations
as mandatory.
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Abstract

Against the background of the scandals regarding the contamination of food with dioxin and nitrophenol, the Bovine
spongiform encephalopathy (BSE - "mad cow" disease), the avian and swine flu, the infection of some vegetables
with the enterohemorrhagic strain of the bacterium Esterichia coli (EHEC), as well as the fears regarding the use of
genetically modified organisms, the request of agricultural products and ecological food increased a lot at the
beginning of this millennium. An opportunity for the transition from subsistence agriculture to an agriculture based
on economic principles is represented by systems of exploiting poultry on the ground, with free access to outdoor
paddocks, as well as ecological growth. In this context, the present paper tries to bring to the fore some
opportunities in the organic breeding of some poultry with a special taste, such as capons. The main objectives
followed were: some historical landmarks regarding the growth of capons; the review of the practical elements of
capon growing and some case studies that show the opportunity of capon growing in Romania for a successful
business. The used methods included searching of the various databases with the latest publications in the field and
identification of some relevant results. The breeding of capons represents an opportunity for Romanian farmers who
want a profitable business, especially since currently, in Romania, the number of such micro-farms is very limited.

Key words: capon, Breese, flavourful, opportunities, organic

INTRODUCTION The conversion process is carried out over a
sufficient period of time, during which an
The theoretical foundations of organic  “adaptation" occurs, both of the ecosystem

farming were between the years 1920 - 1960,
immediately after the beginning of the process
of industrialization of agriculture and the start
of the "green revolution™, by Rudolf Steiner in
Germany, the founder of the concept of
"agriculture biodynamic”, Sir Albert Howard
in England, on whose ideas the school of
"organic agriculture" was founded, H. Miiler
in Switzerland, author of the concept of

"organic-biological” agriculture and C.
Lemaire and J. Boucher in France, the
founders of the "biological agriculture”

school.

In order to switch to organic production, a
conversion plan is drawn up in advance,
which can be carried out at the level of the
farm or a well-defined plot of land and is
evaluated every year, on the occasion of the
control. All components of the conversion
plan are established by mutual agreement with
the inspection and certification body, in
accordance with the legislation in force.

and of the farmer. Following the conversion
process, the land, crops, harvest and animals
must acquire the qualities specific to organic
production [3, 14].

For animals, the mandatory conversion period
is as follows:

* 12 months in the case of equidae and cattle,
including the Bubalus and Bison species for
meat production and in any case at least three
quarters of their lifetime;

* 6 months in the case of small ruminants and
in the case of pigs and animals for milk
production;

* 10 weeks in the case of poultry for meat
production, brought to the holding before
reaching the age of three days;

* 6 weeks in the case of poultry for egg
production [14].

In Europe, the relationship of consumers with
organic production is exceptional [9]; from
the point of view of organic area (% share of
total utilised agricultural area), countries like
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Austria, Estonia, Sweden, Italy, Czechia and
Latvia is on the first places (Figure 1).

Organicarea
(% share of total utilised agricultural area, 2020) >
30 o\ ¢
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Lindin, 2:hodkonl c.europa.eu/eurostat il
Fig. 1. Situation of organic farming in the European
Union (2020)

Source: [9].

In an online statistical study conducted
globally in 2016 (Nielsen Company, USA),
consumers motivate their tendency to
consume organic food as follows: these
products are healthier (76% of respondents);
want to avoid pesticides and other toxins
(53%); organic foods have more nutrients
(51%); it is healthier for the environment
(49%); food is tastier (45%); etc. (Figure 2).

| Purchase Organic Products Because:
Global Average

76
53 51 49
Theyare Icanavoid Theyare O
healthier more  far
nutritiou:
e

toxins

I

nmun

Fig. 2. The main reasons listed by consumers for the
trend of choosing organic food
Source: [13].

Health-related problems seem to assume
greater importance than concerns regarding
the protection of the environment and, in
particular, are related to the provision of
healthy nutrition, motivated by ecological and
hygienic-sanitary arguments, imposed by the
radical change in consumer demand and the
on-going concerns more insistent for food
biosecurity.
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Capon is a male chicken that is caponized
(castrated) after reaching the age of 9 weeks.
Proper care and feeding produce the
appearance of thin layers of fat inside the
muscle tissue, and this fact leads to the
tenderness of the meat and a special taste [4,
15]. Thus, the capon meat is more delicate and
flavourful than that of a hen or rooster, which
is due to the way they are fed but also to
hormonal differences during the development
of the capon [12, 16], as well as the fact that
these poultry are not as active like the
ordinary roosters. Because of the loss of sex
hormones, the normally aggressive rooster
becomes docile and mellow capon.

According to the writings of Pliny the Elder in
L'Histoire Naturelle, the Romans are credited
with the invention of the valve, as early as 162
BC when Senator Gaius Fannius Strabo
passed a law for limiting the consumption of
chicken meat. The objective was to save the
grain reserved for plebeian’s food (the bottom
layer of Roman society). The restriction
mandated the consumption of a very small
number of chickens at banquets, birds that
should not have been fattened for this
purpose. The senator suggested castrating the
young roosters and feeding them dairy
products, later finding that the roosters
doubled in weight and size [7].

The story of the Bresse capons, the most
famous breed, originally from France, began
in 1591 in Bourg-en-Bresse, based on the
local breeds Black Louhans, Gray Bourg-en-
Bresse, White Beny. King Henry 1V is said to
have been seduced by the aroma of poultry
given as a gift by the inhabitants of Breese
[7].

In 1825, Brillat Savarin in his book
"Physiology of Taste" brings the Bresse breed
to the fore and calls it "Queen of poultry, from
the court of kings". Later, Bresse poultry
became known in all European capitals.

MATERIALS AND METHODS

In this short review, some main objectives
were followed, namely: the positive impact of
ecological agricultural practices on the
environment and consumers health; some of
the main reasons for choosing healthy foods
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that ecological consumers support; some
historical landmarks regarding the growth of
capons; the review of the practical elements of
capon growing and some case studies that
show the opportunity of capon growing in
Romania for a successful business.

The used methods included searching of the
various databases with the latest publications
in the field and identification of some relevant
results. The main databases were Web of
Science and Google Scholar as well as
EUROSTAT and MADR statistics. The case
studies from Romania were obtained from
some online magazines like Ferma, Agrointel
and Adevarul.

RESULTS AND DISCUSSIONS

During the transition period from the
communist era to the market economy, a
number of poultry farms in Romania were
closed down. Currently, most poultry farms
are privately owned. In the pre-communist
period, there were famous capons breeders
and there was an important market; during the
communist regime, however, it disappeared
altogether, at the present time many
consumers do not know anything about
capons and have never tasted their meat.

The capon can be slaughtered only after
exceeding the age of 150 days and a weight of
at least 3 kg. It is generally ready for sale
around Christmas.

On August 1, 1957, the French National
Assembly voted to grant the title of
Designation of Controlled Origin (Appellation
d'origine controlée/AOC) to the Bresse breed
of capons, and in 1976 to the Dinde de Bresse
breed, which became AOP (Appellation of
Origin protected). There is even a grouping of

Breese capons breeders, established on
December 15, 1962, shortly after AOC
decree, which defines the production

conditions of the Bresse capons. This
grouping brings together the most responsible
breeders.

In France, Spain and the United States, the
capon is considered a festive chiken, and in
Romania, at the great noble houses of the past
there was a real cult for capon meat, with tasty
recipes. Today, some luxury restaurants from

our country have begun to include capon meat
in their holiday menus.

The French, the most famous capon breeders
in the world, recommend the following
breeds: La Bresse (predominant) but also the
La Fleche, Faverolles, Label rouge breeds.
According to the experts, the best capons are
those from the Bresse breed, which have finer
muscle fiber and finely divided fat deposits
[7].

AOC requirements for the Bresse flap breed:

- Growing in freedom on grassy areas;

- Feeding with cereals, milk and dairy
products, worms and molluscs;

- In the final fattening stage, feeding with
honey for 4 weeks;

- Minimum weight: 3 kg;

- Marketing: 1 to 31 December;

- Commercial presentation: usually with the
feathers on the head preserved, for the
guarantee of the brand (Photo 1).

Photo 1. Two different commercial presentation of
Breese capon
Source: [2].

Being raised in an organic system, Breese
capons gain weight a little harder. If broilers
reach 2.5-3.5 kg in less than 42 days, La
Bresse breed capon reach 3.5 kg in 150 days
with an intelligent feed based exclusively on
grain combinations, but the difference in
volume between them and other types of
chicken carcasses is noticeable (Photo 2).

dy 8 4 .
seyl ¥ X
%/ A A
R T
Fryer/ Cornish
Capon Broiler Hen Poussin

Photo 2. Types of chicken. Capon has more white meat
and higher fat content than other chickens.
Source: [15].
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The rearing technology consists in growing
exclusively in freedom, on pasture, in grassy
spaces for 5 - 6 months. The feeding is done
with cereals and protein crops of vegetable
origin, as a supplement to grazing. In the
Bresse breed, finishing is done at the age of 7-
8 months, with corn and wheat soaked in
milk.

Capons can be raised properly by feeding
them only organic feed. From the time they
are small, chickens need food that provides
them with a minimum of 20% protein and
about 3,000 calories daily. During the first 2
weeks they need a constant temperature of
28°C, as well as constant access to water and
very finely ground grain, so that digestion is
easy.

Capons must have a combined feed that
contains all the elements they need for
increased and healthy growth performance.
The breeder must always pay attention and
care to this poultry, because the breeding
process is a complex one.

Their feed must contain carbohydrates
(cereals - corn, wheat), proteins (soybean and
sunflower groats, peas, bran), minerals (salt,
calcium) and vitamins (grassy areas must also
contain alfalfa and clover), all of which are
necessary for the formation of bones, muscles
and fat. Practically, 1/3 of the capon's food
must be taken from the grassy spaces. In
freedom, capons tirelessly eat worms,
molluscs, grass and seeds throughout the day
[11].

Water is very important in the nutrition of
capons. In general, they consume about 2
times the amount of food; on hot days, they
will drink up to 5 times more water. It is very
important that the water is always fresh, and
where possible it is recommended to use
spring or well water [11].

In order to comply with the conditions
regarding the system of capons growing on
the ground, with free access to the paddock,
from a functional point of view, a farm must
have the following areas [6]:

- Veterinary sanitary protection area;

- Access driveway to the farm;

- Outdoor access paddock. The area required
for capons access is delimited by a fence;

- Paddock access gates.
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The perimeter of the farm must be protected
with a mesh fence. Access to the perimeter of
the production farm by foreigners is strictly
prohibited. Employed personnel enter the
production space only in compliance with
biosecurity protocols [6].

The "caviar" nickname of the capon is due to
the price of the meat, which can reach from
10-12 Euro/kg to 50-80 euro in the case of
Bresse breed capon. The age of this breed and
the fact that it is not genetically modified have
determined the extraordinary resistance of
Bresse capon. Basically, this breed does not
show any sensitivity and it is recommended to
be raised in an extensive system with natural
food. They also lend themselves very well to
growing in freedom - free-range, being birds
with a lively temperament and great mobility.
That's why Breese breed capon can also be
recommended in Romania, where, 50 years
ago, they were the main delicacy at all the
noble courts.

Romania could become a good producer for
this ecological poultry, exceptionally tasty and
very well paid. The capon casing is
eviscerated, and the feathers on the head and
sometimes the tail are left intact so as not to
mislead customers. In general, the weight of
the carcass is around 3.5-5.5 kg, depending on
the breed and the way of exploitation.

The opportunity for the capons breeding in
Romania is also given by the extremely small
number of breeders; thus, there are only a few
micro-farms, e.g. in Lapusel (Maramures),
Campulung (Arges) and Baia Mare.

The system of growth and exploitation free
range growth system of capons complies with
the community rules regulated by Regulation
(EC) No. 543 of June 16, 2008 establishing
the rules for the application of Regulation
(EC) no. 1234/2007 of the Council regarding
the standards of commercialization of poultry
meat, art 11 and annex V, where it is specified
"Free-range" [6].

This term can be used only if:

- The capon’s density is no more than 7.5 per
m?, provided that they weigh no more than
27.5 kg live weight per m?;

- They had continuous access during the day
to external paths covered mainly by



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

Vol. 22, Issue 4, 2022
PRINT ISSN 2284-7995, E-ISSN 2285-3952

vegetation and representing at least 2 m? per
capon;

- The food formula used during the fattening
period contains at least 70% cereals;

- The shelter is equipped with exit hatches
with a combined length of at least 4 m per 100
m? of shelter surface [6].

Because they are genetically resistant breeds,
antibiotics are excluded from the meat of
Breese capons. Farmers can use, if necessary,
natural antibiotics (thyme oil or oregano oil),
administered in water. However, there are
certain obstacles in capitalizing, determined
on the one hand by reluctance and on the
other hand by the fact that the Iluxury
restaurants that capitalize on this meat prefer
to work with imports than with Romanian
goods. It can be stated that for capon meat it is
a growing market, but it all depends on the
restaurants. In Romania, they can be produced
at lower costs, compared to the costs at which
they are grown in other countries [11].
Increasing the capons, however, requires
specialists for the caponized procedure, a very
delicate operation [8]. The biggest problem
faced by a Romanian capon breeder is the
high mortality following caponization, as
there are very few specialists who can
successfully perform this operation. Also, one
of the major disadvantages is that the
mortality rate after caponization is very high:
almost half of the capons die after the
operation, a fact that can discourage any
investor. However, after three series of 100
heads, the business starts to work, according
to the statements of a capon’s breeder from
Lapusel (Maramures), who in 2013 re-
established the first farm of this kind in
Romania. The farmer sells the carcasses of
capons (of wvarious breeds) in luxury
restaurants, at advantageous prices, which
ensure an excellent profit [5].

In 2016, a Bucharest resident decided to start
a business with capons from the Breese breed
in Campulung-Arges (Photo 3).

The farmer invested in the Bresse breed
starting from a queen flock of 18 purebred
hens, which he obtained from eggs purchased
through a distributor from Germany and
France. In 2017, it managed to reach an

effective number of over 1,000 specimens
[11].

Photo 3. Breese capons from Campulung (Arges)
microfarm
Source: [11].

The high fat accumulation (Photo 4) is
extremely important for consumers seeking
better-tasting meat [1, 10].
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Photo 4. A muscle sample from a 16-wk-old capon and
the adipose tissue accumulation
Source: [10].

This type of business can be revitalized today,
because the clam meat is a real gastronomic
treat.

The market is a niche one; e.g. it is estimated
that around one million capons are produced
annually in USA, compared to approx. 8
billion chicken heads for meat every year.
Currently, commercial production of capons
in USA is limited to a single producer,
Wapsie Produce Company, in lowa State.

In Europe, France is the largest producer, with
over 2 million capons/year.

As the main French region for the production
of exceptional poultry, its famous capon
brings a bit of Burgundy to many French
Christmas tables.
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CONCLUSIONS

The consumer public is alert in terms of
product quality, when it comes to meat and
other foods.

Capons are a unique type of meat poultry for a
specialized market. They grow much more
slowly than normal males and accumulate
more fat, their meat becoming tenderer and
much tastier.

La Bresse breed is among the most famous in
the world. It has a meat with a special texture
and special taste, close to pheasant, which
makes it highly sought after by chefs at luxury
restaurants. The "caviar" nickname of the
capon is due to the price and special flavour
of the meat.

The breeding of capons represents an
opportunity for Romanian farmers who want a
profitable business. These opportunity is also
given by the extremely small number of
breeders and micro-farms.

The best breeds for organic capon breeding
are those with slow growth. From this point of
view, the Bresse breed is recommended, as it
is the only one in the world with controlled
designation of origin, just like noble wines.
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Abstract

The article is aimed at studying the state of agricultural cooperation in Ukraine in a historical retrospective. It is
shown that before the October Revolution of 1917, cooperation in the country successfully developed, was profitable
and convenient for participants in cooperatives. The methods of pseudo-cooperation, which were practiced in the
USSR and received the collective name "collectivization”, are analyzed. It has been proved that collectivization and
cooperation differ in essence; this is confirmed by the unprofitability of collective farms and the fact that they
consistently received subsidies from the state. The main problems of agricultural cooperation in Ukraine from 1991
to the present time are revealed. The regulatory and legal support of this sphere and its change are analyzed, taking
into account the international documents signed by Ukraine, as well as Ukraine's obtaining the status of a candidate
country for joining the European Union. It is shown that at the present stage, under martial law, the functioning and
development of cooperation is difficult, but there is reason to expect an improvement in the situation after the
cessation of hostilities on the territory of Ukraine. The statistics used in this study are taken from the official website
of the State Department of Statistics of Ukraine; records of agricultural cooperatives have been kept since 2004.

Key words: agriculture, production cooperative, service cooperative, cooperation, Ukraine

INTRODUCTION

Today, the market economy in Ukraine is at
the stage of development, the constant search
for new methods of labor organization
continues. It is important to restore successful
forms of economic activity that were already
functioning before the country's accession to
the USSR, such as agricultural cooperation.
This cooperation has proven itself all over the
world from the best side; it causes a strong
growth in the welfare of the rural population
and the development of rural areas.
Agricultural cooperation has a direct or
indirect influence on all aspects of village life.
Thanks to this type of cooperation, declining
territorial  communities have a chance to
survive. Functioning on the territory of a
successful enterprise means: preserving and
creating new jobs; improving the quality of

life; stopping depopulation and much more.
The presence of the factor of competition
between individual agricultural producers
should also be taken into account, world
experience shows that cooperatives have
much more opportunities to establish
cooperation with consumers, intermediaries,
processing and trading enterprises than
individual farmers. The same applies to the
joint ownership of expensive equipment and
machinery, which is a great difficulty for
individual farms. Realizing the importance of
agricultural cooperatives, the state takes
certain steps to support them and encourage
their creation, develops programs for the
development and support of agricultural
service cooperatives, strategies for the
development of regions, which take into
account the importance of cooperation for the
harmonious development of territories; the
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approved State target program for the
development of Ukrainian villages and much
more. However, there are still many difficult
moments and problems in the field of
agricultural cooperation, caused by external
and internal circumstances, and therefore
scientific research in this direction remains
relevant. For a deeper understanding of the
conditions in  which the cooperative
movement was born, it is advisable to turn to
the newspaper "The Co-operator", which was
the first to promote the ideas of cooperation.
Later, a collection containing the most
important issues of the newspaper for the
period 1828-1830 was published. The motto
of the cooperative was repeated on the front
page of each issue of the newspaper:
"Knowledge and union are power. Power,
directed Dby knowledge is happiness.
Happiness is the end of creation" [35].

Current information on the state of
cooperation in the world is available on
specialized Internet sites, among them:
International Co-operative Alliance (free
access online library) [15]; Coop News [6],
Co-operatives UK [7] and other. V.
Honcharenko investigated the peculiarities of
the historical models of the Ukrainian credit
cooperative [11]. Yu. Tymchenko revealed
the peculiarities of consumer cooperation in
Ukraine during the period of the New
Economic Policy (1921-1928) [39]. N.
Kuevda and A. Revutska compared the past
and present state of agricultural cooperation
and formed forecasts for the future [18]. I.
Hlotova singled out the most successful
practices of the cooperative movement [10].
The works of M. Hrytsenko [13], V.
Bondarchuk, J. Alkoley, L. Moldovan and
others [3] analyze the high productivity of the
world's agricultural service cooperatives. S.
Labaziuk proved the need for urgent
reorganization of agricultural cooperation in
Ukraine [19]. Encyclopedic editions were
used to clarify individual terms and wordings
in the paper [9]. The legal basis for the
functioning of agricultural cooperatives is the
legislative framework of Ukraine and
international documents to which Ukraine is a
party [34], [21], [2], [8]. [24], [22]. A.
Panteleimonenko  [26], [27] and V.
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Honcharenko [12] investigated the
imperfections of the regulatory and legal
support for the work of cooperatives.

In this context, it is advisable to conduct a
separate study of the possibilities for the
development of agricultural cooperation in
Ukraine, taking into account past experience
and current global trends.

MATERIALS AND METHODS

The paper mainly explores the possibilities of
developing agricultural  cooperation in
Ukraine. For a deeper insight into this
process, the historical origins of cooperation
in the world are considered.

Ukrainian cooperation in the pre-Soviet
period developed quite successfully and more
and more farms were involved in it. As a
result of the 1917 revolution, the established
system was disrupted and cooperation actually
ceased to exist. Food problems in the country
forced the Soviet government to develop the
so-called "New Economic Policy"”, which,
among other things, provided for the
restoration of the cooperative movement.
However, the NEP did not last long and was
replaced by a policy of collectivization, which
completely contradicted the essence of
cooperation. The restoration of agricultural
cooperation in Ukraine began only after 1992
and continues to this day.

The main analyzed indicators are: official
statistical information on the number of
agricultural cooperatives in Ukraine since
2004; normative and legal support of
cooperation, including the main changes made
to the legislation; problems of cooperation
that arose as a result of martial law in Ukraine
and possible ways to solve them at the present
stage. Numerous sources were used to write
this paper, including: scientific publications of
Ukrainian and foreign scientists, statistical
information, specialized materials.

The research results are presented in the form
of tables and diagrams.

RESULTS AND DISCUSSIONS

The first documented cooperative in Europe
was the association of weavers in Fenwick
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(Great Britain) created in the 18th century. In
1844, the consumer cooperative of weavers in
the city of Rochdale (England) formulated the
fundamental principles of the functioning of
enterprises of this type, which were of great
importance for the further development of the
entire European cooperation [25] and were
named "Rochdale principles” (hereinafter —
the Principles).

The principles have been officially approved
by the International Co-operative Alliance
(hereinafter — ICA) and in the latest version
(2013) have the following form [14, p. 3]:

- Voluntary and Open Membership

- Democratic Member Control

- Member Economic Participation

- Autonomy and Independence

- Education, Training and Information

- Co-operation among Co-operatives

- Concern for Community

Today, cooperatives are distributed to almost
all areas of the European economy, and work
regardless of size wherever it is profitable:
from very small ones operating in rural areas
— to extremely large ones that unite powerful
producers.

Global practice shows that cooperatives are
much more sustainable than individual farms.
They are almost twice as likely to survive the
early years of existence when compared to
other start-up businesses. More than three
quarters of co-op start-ups (76%) are still
flourishing after the difficult first five years.
Other business forms are far less likely to
survive, with only 42% of all new companies
making it through to the end of year five [15,
p. 4].

Today, there are more than 300,000
cooperatives in Europe, in which more than
140 million people participate. According to
international experts, France has the most
developed cooperation among all European
states. There are more than 21,000
cooperatives with a turnover of 260 billion
euros and about 23 million people are
employed. The French cooperative movement
covers various sectors of the economy. At the
request of the French government, a thorough
study of the country's 100 most powerful
cooperatives was conducted. It turned out that
their sales amount to 181 billion euros, and

the number of participants is 22 million
people (674 thousand service personnel). It is
significant that 65 of the top 100 cooperatives
in France are agricultural, with more than
300,000 joint partners and 100,000 service
workers, about 75% of French farmers are
united in cooperatives [38].

In Germany, the largest share is occupied by
cooperatives in the agriculture and food
industry sector (28.7%) [5, 25].

The relief of Spain is predominantly
mountainous and there is little land suitable
for agriculture [30]. However, the country
successfully produces agricultural products
and is among the Top-10 world exporters
[28]. This is a great merit of local
cooperatives, for example, horticultural
products are produced on family farms united
in agri-food cooperatives, the total number of
such cooperatives in Spain is 3,200 units [4].
The share of agricultural cooperatives in the
agricultural market of the EU is 40-50%, and
in some states and sectors it reaches 70%. The
annual turnover of the 10 largest cooperatives
in the EU is more than 93 billion dollars,
which is almost equal to the annual GDP of
Ukraine [19].

Today, there are more than 700 million
cooperatives worldwide. The activities of
some of them have long gone beyond the
borders of a certain country — they are
powerful transnational associations with
thousands of employees and billions in
earnings. For example, National Agricultural
Cooperative Federation or NACF is an
umbrella organization for Korean agricultural
cooperatives. The 1,155 primary member

cooperatives represent over 2.35 million
member farmers in Korea. NACF was
founded in 1961 and provides supply,

processing, marketing, and banking services.
Nonghyup operates a number of retail grocery
stores. Nonghyup provides about 50% of rural
food marketing in South Korea. Nonghyup
was ranked fourth among the 300 largest
cooperative organizations in the world [20].

In countries such as Sweden, Denmark,
Norway, the Netherlands, and Japan,
cooperatives cover 100% of agricultural
producers. In most of these countries,
cooperatives are organized according to the
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sectoral principle, and the largest group is a
group of cooperatives for procurement,
processing and sales of products. For
example, in Denmark they process 90% of
commercial milk, produce the same amount of
butter and cheese for export, in Finland the
participation of cooperatives in the slaughter
of cattle and the production of meat products
reaches 80% [13].

The UK's agricultural and farming
cooperatives are the second largest proportion
of the co-operative sector, in 2014 their
number was 621 units. 155,000 farmers
(approximately half of the country's farmers)
are members or co-owners of these
enterprises. Over the period 2010-2014, their
annual turnover increased from £4.8 billion to
£6.2 billion [1]. At the beginning of 2021, due
to the impact of the COVID-19 pandemic,
consolidation and reorganization took place
and the number of agricultural cooperatives
decreased to 432 units, but the turnover
increased to 7.9 billion pounds [36, p. 7].

In neighboring Poland, cooperatives are

market organizations of farmers who
voluntarily  organize  themselves into
horizontally —and  vertically  integrated

structures with the aim of jointly selling the
products of their members. Experts note that
the policy of stimulating cooperative
associations in the agricultural sector of the
economy introduced in Poland, based on the
principles of the common agricultural policy
of the EU, has given positive results,
primarily in the context of encouraging
farmers to increase their competitiveness on
international markets. In addition, it made it
possible to correct some mistakes made at the
initial stage of market reforms [3, p. 16-17].
According to the definition of the Great
Soviet Encyclopedia, two types of collective
property were used in agriculture: the property
of collective farms and other cooperative
organizations (consumer, housing) and higher
in terms of the degree of socialization of
property — inter-cooperative property, owned
by several collective farms or cooperative
organizations [9, p. 473].

The vast majority of these associations in the
USSR and Ukraine were created by force, and
their property was property taken from the
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peasants and transformed from private
property into collective property, it concerned
tools of labor, livestock, materials and other
things, this activity of the state was called
"collectivization”. Work in collective farms
and state farms were mandatory, very low-
paid, and payment was mostly in kind. People
were forced to put up with this under the
threat of eviction to other, unfavorable places
for life, for example, to the undeveloped
territories of Siberia or imprisonment. In
addition, passports began to be issued to
residents of rural areas only in 1974. Without
a passport, which indicated residence, a
person had no right to leave his place of
residence, get a job, etc. For violation of these
rules, the laws of that time provided for severe
punishments. Accordingly, the peasants were
actually completely lawless hostages forced to
live and work under imposed conditions.
Throughout the Soviet period, despite the rich
natural resources, Ukrainian agriculture was
subsidized. After the collapse of the USSR
(1991), state support for agricultural
enterprises ceased, liquidation of collective
farms, mechanized enterprises that served
them and their transition to other forms of
ownership began. Enterprises that produced
agricultural machinery and spare parts for it
(for example, in the city of Lviv — this is the
Silmash plant, the Lviv auto tractor spare
parts plant, and others) stopped or began to be
repurposed. Mass labor migration of working-
age peasants to cities and abroad began, which
exacerbated the decline of agriculture.

The majority of collective farms, created by
the method of forceful association, well

known in  history under the name
"collectivization”, were reorganized in the
same violent way into new pseudo-

cooperatives, which this time were called
"payhospiv" or associations of citizens — land
owners and co-owners of property shares
("payiv"). At the same time, the "reformers"
confidently ignored the fact that a significant
part of the new "owners" turned out to be
completely indifferent to the unexpectedly
obtained "out of nowhere" property, and were
not oriented in the legal subtleties of possible
management of this property; and also did not
have elementary management, economic or
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agronomic knowledge for its effective use. As
a result, they suddenly became members of
"new cooperatives” called CAE (collective
agricultural enterprises). In fact, these
"owners" were not allowed to manage, and for
transferring the right to use their property to
skilled agricultural workers (usually from
among the former heads of collective farms
and state farms), they received a symbolic
payment in kind. Subsequently, the place of
CAE was gradually taken by agricultural
holdings, and discussions about the need to
develop agricultural cooperation intensified
again in Ukraine.

The problem arose of reviving cooperation in
a country where, after more than seventy
years, there were practically no people left
who would remember what a real agricultural
cooperative is. The Ukrainian experience of
the end of the 19th and the beginning of the
20th centuries is today mostly mentioned in
scientific works and intellectual discussions,
and the world practice of cooperation is
weakly correlated with the Ukrainian
traditions of rural management.

The idea of agricultural cooperation came to
Ukraine from Europe under the influence of
the development of cooperative lending, which
arose in Germany in the form of "village
funds" by F. Raifeisen and "people's banks" by
H. Schulze-Delich. The creation of rural credit
societies of the Raifeisen type on the territory
of Ukraine, which was part of the Russian
Empire, became possible only in 1895 after the
adoption of the law "On Small Credit
Institutions”, which established the possibility
of establishing credit cooperatives not only on
a share basis, but also on a non-share basis. In
1895, in the village of Ivankivtsy, Prylutsky
District, Poltava Oblast, the first credit society
of the Raifeiseniv type was established in the
entire Russian Empire [11, p. 36].

At the same time, the agricultural cooperation
in the territory of Ukraine began to acquire its
significant spread only during the Stolypin
reform. Thus, at the beginning of 1915, out of
3,750 agricultural cooperatives created in the
Russian Empire, 1,500 operated in Ukraine. At
that time, the main types of cooperative
organizations were cooperative societies [18, p.
67].

A new wave of activation of the Ukrainian
cooperative movement occurred during the
period of economic policy liberalization under
the conditions of the NEP (New Economic
Policy). By the decision of the October (1921)
plenum of the Central Committee of the
RCP(b), the cooperative received certain
benefits and advantages in the organization of
trade, which were aimed at preventing the
growing activity of private traders, who from
the beginning of the introduction of the NEP
confidently occupied leading positions in
retail trade. In December 1922, the property
that had previously been nationalized was
returned to the consumer cooperative, and it
also received monetary and commodity loans
from the state to cover organizational
expenses at the expense of Narkomprod in the
amount of 10 billion krb. The State Bank of
Ukraine has increased the volume of lending
to the Central Union ("Tsentrospilka™). A
committee on cooperation financing was
established under the People's Commissariat
of Food. In 1923, Vukoopspilka joined the
International Cooperative Alliance and began
to create its representative offices in
individual countries, establishing ties with
foreign cooperators. In the same year, the
Ukrainian Economic Council adopted a
resolution on export-import activities of the
Vukoopspilka. In order to conduct trade
operations abroad, it was allowed to have its
representative offices at the Committee of
Foreign Trade of Ukraine (Komzovshtogi
Ukrainy), to sell products that were part of the
nomenclature approved by it. Ukrainian
cooperatives exported agricultural products,
mineral fertilizers, soda, lime, vitriol, oil,
acids, leather, down, feathers. Since 1923,
cooperators began to export bread, which
became the main article of Ukrainian export.
In 1924-1925, in order to increase the interest
of the peasants in establishing relations with
the foreign market through consumer
cooperation, customs duties on most
agricultural goods were abolished, railway
tariffs were reduced, etc [39].

Thanks to the new economic policy, market-
type cooperatives began to actively revive.
The number of primary cooperative societies
increased from 8.1 thousand in 1923 to 26.1
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thousand in 1928, cooperative unions — from
68 to 114. At the beginning of 1930, there
were 4,000 multifunctional cooperatives, 691
credit societies, 1,191 beet growers'
cooperatives, 390 dairy and meat
cooperatives, and 102 poultry cooperatives
working in Ukraine. At the same time, starting
from the end of the 20s, cooperative
organizations began to acquire more and more
features of state structures. The final decline
of the cooperative idea began in 1927 after the
decision to collectivize agriculture and
forcefully organize collective farms. From the
very beginning of their establishment,
collective farms were declared as cooperative
organizations [18, p. 68]. The heads of
collective farms and state farms were often
appointed people far from agriculture; the
main  characteristic was the obedient
implementation of all instructions sent from
the executive committees of the Communist
Party of different levels. Such managers did
not understand the specifics and did not know
the basics of agriculture, this led to the fact
that these associations quickly turned into
unprofitable ones.

The only reason that prompts peasants to join
cooperatives is their own economic interest
and potential benefit, but when market
mechanisms work poorly, the cooperative
movement declines. This happened during the
period of "war communism"” in 1919-1921,
during the period of existence of collective
farms (1927-1991), and the same thing
happened in the post-Soviet period. That is,
cooperation acts as a peculiar indicator of the
development of the market environment and
the quality of its institutional support. After
all, the voluntary association of peasants into
cooperatives with the aim of obtaining
additional benefits from their work implies a
significant increase in the level of economic
coordination  of  peasant  households,
improvement of their specialization, increases
the requirements for the quality of the social
capital of the village, etc. This explains the
retardation of the development of cooperation
in Ukraine, which during all the post-Soviet
years did not become sufficiently widespread

(Fig. 1).
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Fig. 1. The number of agricultural cooperatives in
Ukraine in 2004-2021.
Source: [31, p.69], [32, p.47], [37].

Figure 1 shows that the dynamics of the
development of agricultural cooperatives in
Ukraine is unstable, as of the beginning of
2022, the number of service cooperatives
significantly  exceeds the number of
production cooperatives. Some researchers
believe that the reason lies in the fact that the
rural population equates cooperatives with
collective farms and, for the most part, does
not see the prospects and potential of this
form of management [29, p. 43].

Table 1. Part of agricultural cooperatives in the total
number of cooperatives in Ukraine in 2004-2022, units

Total (r)l;]mber Agricultural Agricultural
. cooperatives | cooperatives, %.
Cooperatives
2004 29,616 825 2.79
2005 30,229 1,334 4,41
2006 30,790 1,696 5,51
2007 31,428 1,802 5,73
2008 33,257 1,872 5,63
2009 34,324 1,921 5,60
2010 35,063 2,160 6,16
2011 29,275 2,105 7,19
2012 28,675 2,139 7,46
2013 28,435 2,083 7,33
2014 28,649 2.143 7.48
2015 24.868 1.908 7.67
2016 25.763 1.947 7.56
2017 26.460 2.014 7.61
2018 26.975 2.069 7.67
2019 27.524 2.212 8.04
2020 28.071 2.279 8.12
2021 28.596 2.195 7.68
2022 33.694 2.292 6.80

Source: [31, p.69], [32, p.47], [37].

However, if the reason were so simple, it
could be quickly solved by explaining to the
villagers the benefits of cooperation. It is
obvious that, in addition to certain
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conservatism inherent in the rural population
of all countries, the development of
agricultural cooperation is hampered by the
imperfection of the legislative framework and
institutional support of this sphere. These
problems explain such a small percentage of
agricultural cooperatives in the total number
of cooperatives in Ukraine (Table 1).

Table 1 shows that there are many nominally
agricultural cooperatives in Ukraine, but their
percentage is very small in the total number of
cooperatives.

Service cooperatives, in contrast to production
cooperatives, are by their economic essence
non-profit organizations that, in the case of
securing this status, are subject to Article 133
("Tax payers") of the Tax Code of Ukraine
dated 02.12.2010 No. 2755-VI (edition dated
09.07.2022). Clause 133.4.6 of this article
specifies that "agricultural service
cooperatives, cooperative associations of
agricultural service cooperatives” are non-
profit organizations and are not tax payers
[34].

Adopted in 2020, the Law of Ukraine "On
Agricultural Cooperation" [21] (hereinafter —
the Law) simplified the conditions for the
functioning of cooperatives and at the same
time took into account the need for the
gradual adoption of international norms and
rules of cooperation, which, among other
things, is provided for by the "Association
Agreement between Ukraine and the EU" [2].
The law significantly improved the level of
legal regulation of agricultural cooperatives,
provided an opportunity for members,
associate members of a cooperative that
operates for profit, to receive dividends,
introduced  guarantees  for  associated
Correctionmembers, improved the procedure
for establishing cooperatives and joining a
cooperative, created an opportunity to freely
choose the type of activity of a cooperative,
made it easier to recognize the cooperative as
a non-profit organization [16].

However, in the case of liquidation of a
cooperative as a non-profit organization, its
assets are transferred by decision of the
general meeting to another agricultural
cooperative  (association of agricultural
cooperatives) operating with or without the

purpose of making a profit, and in the absence
of such a decision, they are credited to the
state or local budget [21].

In addition, according to the provisions of the
Law, in order to obtain the status "non-profit",
a cooperative must meet the following
conditions [34]:

1) the cooperative does not produce
agricultural products and provides services
exclusively to its members;

2) the cooperative does not acquire the right
of ownership of agricultural products that
were produced, grown, fattened, caught or
collected (harvested) by its members —
producers of agricultural products. At the
same time, the owners of agricultural products
harvested, processed, supplied, sold by such a
cooperative are its members;

3) the cooperative meets the requirements
established by subsection 133.4.1 of clause
133.4 of Article 133 of the Tax Code of
Ukraine for non-profit organizations.

The listed conditions mean that the produced
products can be sold only in large quantities
on the basis of contracts concluded with each
member of the cooperative personally. This
practice is too complicated and involves a lot
of risks, so trading organizations prefer larger
deals.

In the event of the creation of an agricultural
cooperative in the form of a non-profit
organization, its members will not so much
reduce their transaction costs as increase them
due to the growth of property risks and the
actual need to create another non-profit
organization that could become the property
successor of the cooperative in the event of its
termination of its activity.

For non-profit organizations, there are also
separate requirements for the submission of
tax reports, approved by the order of the State
Tax Administration of Ukraine dated
17.06.2016 No. 553 [24], therefore certain
difficulties remain in the accounting system in
the event that peasant farms join cooperative
associations and their transition to the new
system reporting. At the same time, it should
be recognized that the new form of reporting
has advantages over those forms used in the
previous period (approved by the relevant
orders of the Ministry of Finance of Ukraine
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dated 31.01.2011 No. 56 [22] and dated
27.01.2014 No. 85 [23]), since the new form
the report consists of fewer sections. At the
same time, the fact remains that the
introduction of changes three times within a
short period has created tangible difficulties
for agricultural cooperatives and introduced
confusion into their work.

In Europe, cooperation acts as a kind of
economic ideology, which represents the
struggle of small and medium-sized
businesses against monopolies, which are so
characteristic of the economy of Ukraine.
Unfortunately, Ukrainian society lacks a deep
awareness of solving its own problems
through cooperation [33]. In a number of
European countries, cooperation is not divided
into types, as it happens in Ukraine, there are
simply cooperatives that help farmers in
conducting their business.

One of the indicators of progress in the field
of regulatory and legal support of agricultural
cooperatives was the approval in 2021 of the
"Exemplary rules of intra-economic activity
of agricultural cooperatives” [8], which
remained unchanged since 2008 and were the
cause of additional difficulties in the work of
these enterprises.

It is also necessary to take into account the
main world trends in the development of rural
areas, according to which, it can be predicted
that the following areas should become
priority for the agricultural cooperation of
Ukraine:  the production of organic
agricultural products, diversification of the
economic activity of the village, ensuring the
environmental purity of the territories, the
restoration of social infrastructure, increasing
the standard of living of the rural population
[17].

The establishment of the effective functioning
of the agricultural cooperative in Ukraine
began and was carried out taking into account
international norms and rules, so it was
possible to predict the successful completion
of this process, but the state of war and
hostilities stood in the way, which negatively
affected all spheres of people's lives. Urgent
changes were made to a number of normative
legal documents, which caused changes in the
interpretation of certain concepts and affected
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the course of procedures. In particular, this
concerns the understanding of force majeure
circumstances that occur massively in the
specified conditions, and it is impossible to
predict all situations, since there is no
previous experience.

In the conditions of martial law, for each force
majeure circumstance, it is necessary to
urgently start negotiations with  the
counterparty, issue a corresponding certificate
at the Chamber of Commerce and Industry of
Ukraine, certifying the fact of the event, and
perform a number of other necessary actions,
which in individual cases will have to be
carried out by each member of the
cooperative. This refers to cases when an
agreement is concluded personally with each
member of the cooperative, then each person
must receive a certificate of force majeure. It
should also be taken into account that not all
regional chambers of commerce and industry
continue their work during hostilities in the
respective territory, so documenting the
problem may be impossible.

CONCLUSIONS

Thus, the modern world and positive
Ukrainian experience of the development of
agricultural  cooperation testify to the
inextricable connection of the cooperative
movement with the establishment of the
principles of the market economy, the free
exchange of goods, the spread of open
competition, the freedom of foreign economic
activity, and the presence of civil society.

At the international level, there is a tendency
to consolidate these structures with a
simultaneous increase in turnover.

In Ukraine, due to specific shortcomings in
the legislative provision of this area, on the
contrary, the separation of cooperative
members and the creation of separate
enterprises is being formed — this is how you
can understand the need to conclude personal
contracts with each member of the
cooperative. This approach prevents the
normal operation of Ukrainian agricultural
cooperatives in market conditions.

Newly adopted legal acts, the idea of which is
to ensure favorable conditions for the
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functioning of cooperation in Ukraine, along
with a positive effect, provoke the emergence
of new difficulties, for example, the rules of
tax reporting have changed several times
during a very short period. In addition, some
documents necessary for the proper operation
of the agricultural cooperative remain
neglected. Among them are the "Sample rules
of intra-economic activity of an agricultural
cooperative” — they, despite the numerous
changes in the legislation of Ukraine,
remained unchanged for more than 8 years,
and were edited only recently.

Military actions on the territory of Ukraine
cause numerous force majeure circumstances.
Given the specificity of the legislation and the
lack of experience in solving problematic
issues in such conditions, the work of all
agricultural  cooperatives is significantly
complicated or stopped altogether.

In general, there have been positive changes
in the organization of agricultural cooperation
in Ukraine, which gave reason to predict
further development, even in the presence of a
large number of unresolved problems that
remained or arose. However, the hostilities
taking place in the territories of traditionally
agrarian  regions make it completely
impossible for cooperation to function in
them. Agricultural cooperation in non-combat
areas has also suffered as a result of staff

shortages, inflation, and recurring force
majeure.
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Abstract

The Covid-19 pandemic has had a domino effect on various sectors, both macro and micro. Traditional fishermen in
Kedonganan Village (which is a coastal area and a well-known tourist destination in Bali) have also experienced a
decline in tourism activities, especially related to limited funding. The purpose of this research is to improve the
welfare of fishery entrepreneurs in Kedonganan Village after Covid-19 through an inclusive financing model in the
perspective of the Village Credit Institution. This type of research is qualitative research by analyzing data with
existing theories to dissect research problems. The data analysis technique used in this research is qualitative data
analysis. Based on the results of data analysis, it can be concluded that traditional fishermen in Kedonganan
Village feel helped by financial assistance (capital) for individuals, but cannot be given to fishing groups because
they do not have formal legal elements. The beneficiary fishermen also stated their readiness to increase their
business, one of which was through increasing working time, so that credit installments could be paid. In addition,
the assistance of fishing gear facilities and infrastructure (including software applications) as well as institutional

empowerment has been able to improve the welfare of fishery entrepreneurs.

Key words: inclusive financing, new normal era, village credit institution (LPD), welfare

INTRODUCTION

Fishing communities have different life
characteristics because their lifestyle is
formed from life in the ocean that has never
been faced by other communities, which have
huge risks, especially risks that come from
natural factors so that special strategies are
needed to work [16]. Other than natural
factors, the facilities owned by fishermen are
very minimum which makes it difficult to
obtain fish catches. This condition causes
fishermen to become less prosperous [7].
Therefore, the condition of fishermen's
welfare depends on the coastal conditions
[8][24]. The difficulty of improving the
welfare of traditional fishermen is influenced
by some factors, namely the limited quality of
human resources, limited ability of business
capital and fishing technology information
[28], difficulties to diversifying the fishing
business, besides that the marketing system

for fishery products is more profitable for
intermediary traders [9]. In addition, the
Covid-19 pandemic has had a fairly large
impact, where policies have emerged as an
effort to reduce the spread of Covid-19.

The Covid-19 pandemic that has occurred
since the end of 2019, and spread to Indonesia
in early March 2020, has had a negative
impact on the global economy [21]. [10]
revealed that this pandemic brings risks to
world  economic  activities  including
Indonesia, especially in the fields of tourism,
trade and investment. The Covid-19 pandemic
made a very sharp decline in the tourism
sector in Bali in general and in Badung
Regency, no exception was Kedonganan
Village. Kedonganan Village before the
pandemic period was visited by many
domestic and foreign tourists. This is because
Kedonganan Village is famous for its cafes
that stand along the beach which serves menu
of very delicious fresh fish dishes, tourists
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enjoy stunning beach views while having
dinner. At the time of the global pandemic
that hit the world starting from the end of
2019 which cause no tourists came to Bali,
especially Kedonganan Village, so it had a
huge impact on the economy of the
Kedonganan  Village community, not
exception the impact on economy of fishing
business community in the village. As a result
of the decline in the tourism sector, most of
the community returned to their fishing
business, so financing was needed to
overcome the main problems currently being
faced. There are many offers of financing,
however most of them require terms and
systems that cannot be met by fishing
communities [6]. In addition, the banking
sector also has concerns about the risk of
default considering that the income earned by
fishermen is uncertain [12]. For the economic
life of fishermen to improve, it is necessary to
assist in increasing community access to
economic institutions, optimizing community
institutions into every Government program,
integrating informal institutions with formal
institutions [17], and activating existing
fishing cooperatives to establish new
cooperatives  with human resources
professional managers [29]. An inclusive
financing model through the Village Credit
Institution (LPD) of Kedonganan Village, this
financing is expected to open up new
additional business opportunities or to
improve the digital marketing system or
replace/add equipment currently owned. So
that it can have an impact on increasing the
welfare of fishing entrepreneurs in
Kedonganan Village, Badung Regency, Bali
Province. The purpose of this research is to
improve the welfare of fishing entrepreneurs
in Kedonganan Village, Badung Regency
after Covid-19 through an inclusive financing
model in the perspective of the Village Credit
Institution. Through this research, it is hoped
that it will provide a solution to the problems
that are currently being faced to improve the
welfare of fishing communities on the coast of
Kedonganan Beach, Bali.

MATERIALS AND METHODS
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Welfare Concept

Welfare is a subjective matter, so that each
family or individual in it, who has different
guidelines, goals and ways of life will give
different values about the factors that
determine the level of welfare. According to
[27], the government's special policy in
improving people's welfare to reduce poverty
is an integral part of national development
which must have a clear development
direction. Community welfare is a condition
that shows the state of people's lives which
can be seen from the standard of living the
community [2].

The fishing community is the poorest group of
people in Asia and even in the world [3]. The
poverty of fishing communities is multi-
dimensional and is caused by the non-
fulfillment of the basic rights of the
community, including the need for food,
health, education, infrastructure. In addition,
the lack of business opportunities, lack of
access to information technology and capital,
culture and lifestyles that tend to be
extravagant, have weakened the bargaining
position of poor community.

Inclusive Financing Model

Financial Inclusion is an effort to expand
public access to financial services. In
Indonesia, this financial inclusion program
targets the poor community, primarily aimed
at saving local businesses and independent
businesses by providing cheap, safe and easy
access, financial products and services. The
financial inclusion program provides the
opportunity to access credit and savings
safely, and is able to avoid dependence on the
poor community from unsafe informal credit
sources such as moneylenders [20].

Financial inclusion can be regarded as a
process to ensure easy access, availability and
use of the formal financial system by all
economic actors. Financial inclusion provides
various financial services such as savings,
credit, insurance, and payments at prices that
all economic actors can afford, especially
those with low incomes [13]. financial
inclusion goals, to achieve economic growth

through  income  distribution,  poverty
alleviation and the achievement of the
financial system [1]. Financial inclusion
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according to [14] is aimed to attract
“unbanked population” in the formal financial
system, while Chakravarty and Pal (2013) are
more interested in the process of removing
barriers and overcoming the incapacity of
disadvantaged groups. According to [5],
financial inclusion is a multidimensional and
diverse phenomenon in each region or every
sector. On the other hand, financial exceptions
can also occur due to obstacles from the
company itself such as asset ownership and
business guarantees.

Definition and Role of LPD Financial
Inclusion

Village Credit Institutions (LPD) are financial
institutions belonging to Pakraman Village
domiciled in Pakraman Village area (Bali
Governor's Regulation Number 44 of 2017).
LPD has a business field that includes
receiving and collecting funds from village
communities in the form of Sesepelan funds
and Sepelan funds, providing credit to rural
and rural communities, providing credit to
other village communities with inter-village
cooperation referring to the Bali Governor
Regulation and with applicable conditions.
LPD's operational activities are also related to
receiving loans with a maximum amount of
one hundred percent of the total capital
including reserves and retained earnings from
financial institutions, excess liquidity is
deposited in a designated bank with adequate
services and competitive interest in return. In
carrying out its line of business, it must
comply with the prudential principles of LPD
management as regulated in the Governor's
Regulation (Bali Provincial Regulation
Number 3 of 2017).

The unique and autonomous nature of the
LPD is oriented towards strengthening the
social, cultural and economic life of the
Balinese indigenous people. This unique
nature is shown because LPD only refers to
local policies and is not subject to central
government policies [19]. Although not
included in the bank's financial institution, the
Village Credit Institution (LPD) still has the
role of financial inclusion in Bali's economic
development. For this reason, LPD as a
microfinance institution deserves priority
attention from various stakeholders in its

efforts to increase its financial inclusion role
for Bali's development [4].

Method

This research is a type of qualitative research
by analyzing data with existing theories to

dissect research problems. The research
location was conducted in Kedonganan
Village, Badung Regency, Bali Province,

which is a coastal area and most of them work
as fishermen. The data analysis technique
used in this research is qualitative data
analysis. According to [11] qualitative method
can be interpreted as a problem solving
process that is investigated by describing
current state of the subject and object of
research, based on the facts that appear or as
they are. Miles and Huberman in [25] argued
that the activities in qualitative data analysis
were carried out interactively and took place
continuously until they were completed so
that the data was saturated. Data collecting in
this study was carried out through in-depth
interviews and Focis Group Discussion (FGD)
with fishermen and community leaders in
Kedonganan Village.

RESULTS AND DISCUSSIONS

In daily life of Kedonganan fishing
entrepreneur community, the Traditional
Village also has a very influential role in the
life of Kedonganan fishing community. The
role of Traditional Village in this case, as
mentioned earlier, is there a kind of called
Awig-Awig or some kind of law or regulation
that must be obeyed and followed by the
fishing community in Kedonganan, that the
purpose of making this awig-awig is to
provide guidelines for behavior of the
fishermen. fishing communities in social life,
especially in carrying out fishing activities
and to maintain the unity of the Kedonganan
fishing community itself. In addition,
currently Kedonganan fishermen get loan
assistance through the Village Credit
Institution [26].

In Kedonganan Village itself there is a Village
Credit Institution (LPD) which is managed by
the Traditional Village. However, in 1995 the
Kedonganan area had begun to be touched by
the development of tourism. The existence of
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Kedonganan Beach as a fishing center in
Badung is seen by the community as an
opportunity to develop. The opportunities
seen are also comfy promising, namely
culinary tourism. From here then stood the
cafes that specifically provide a menu of
seafood dishes with all its variations along the
Kedonganan beach. The next role of the
Traditional Village LPD in Kedonganan
Village is to develop a Kedonganan Beach
arrangement program. The program which
later became a village program began to be
implemented in  2007. Since 2007 the
Kedonganan Traditional Village has been
supported by the Badung Regency
Government [23].

Actually, not only cafes where LPD provides
support, but LPD also provides support to
fishing communities, for example by
providing productive credit loans to fishing
communities. One example of fishermen who
received credit assistance from LPD Desa
Adat are Mr. Wayan Artha and Mr. Made Gita
Adnyana, Kedonganan fishing communities
who received loans from LPD for the purpose
of buying fishing equipment such as nets,
boats (jukung), and others.

The community of Kedonganan Village are
starting to experience changes, which will be
explained further about what changes have
occurred in Kedonganan, especially changes
that have occurred in Kedonganan fishermen.
Where the utilization of tourist attractions and
the management of cafes in Kedongan as well
as assistance from the Kedonganan
Traditional Village LPD can change the lives
of Kedonganan fishermen, one of which is
that the fishermen in Kedonganan for now are
not fishermen who go to sea but fishermen
who already have crew members [22]. The
change in economic life for the better is a
change in life in fulfilling the daily economy
of a fisherman family whose connotation is
called poor but is able to become the owner of
seafood grilling services, cafe manager and
even become a fisherman who has employees.
The changes in economic life experienced can
be a motivation in the lives of other fishing
communities [30].

Financial inclusion can be regarded as a
process to ensure easy access, availability and
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use of the formal financial system by all
economic actors. In financial inclusion,
various financial services are available, such
as savings, credit, insurance, and payments at
prices that all economic actors can afford,
especially those with low incomes [13].
Although not included in the bank’s financial
institution, the Village Credit Institution
(LPD) still has the role of financial inclusion
in Bali's economic development. This is
evident from the LPD's financial inclusion
index, which is mostly above 0.50 points. The
financial inclusion policy has been intensified
in recent years by policy makers. Even the
Ministry of Finance and Bank Indonesia have
announced that one of the policies that will be
taken to help the country of Indonesia get out
of the middle-income trap is through a
financial inclusion policy. For this reason,
LPD as a microfinance institution deserves
priority attention from various stakeholders in
its efforts to increase its financial inclusion
role for Bali's development [4].

Based on the results of the Focus Group
Discussion (FGD) which was held on July 23,
2022 at the Sea Breeze Bangsal Cafe with a
group of Balinese Men Fishermen on the
Beach of Kedongan Village, to find out
strategies to improve the welfare of fishing
entrepreneurs  in  Kedonganan  Village,
information was obtained from several
competent sources such as The head of the
fishermen group and the management of the
fishermen group as well as the members of the
fishermen group are as follows.

(1) Capital

In terms of capital, the Kedonganan Village
Credit Institution (LPD) provides working
capital credit to fishermen entrepreneurs
individually, to be used to buy fishing gear
equipment, such as jukung, machines and
nets. This is very helpful for fishermen during
the pandemic and after the endemic period
enters the new normal era, so that these
fishing entrepreneurs can still survive and
develop their businesses in the midst of
difficult situations. However, the working
capital assistance or credit provided is still
individual, which still requires guarantees or
collateral from the fishermen. While the
provision of working capital assistance to
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fisherman groups as an institution has not
been realized, the provision of business credit
in groups is highly expected by the chairman
and members of the fishing groups in
Kedonganan village. One of the fishing
groups in Kedonganan, namely the Putra Bali
fishermen group, coordinated by Mr. Made
Gita Adnyana, has a cafe business on the
Kedonganan beach that sells fish dishes
caught by the fishermen. This fishing group
business requires working capital assistance
from the LPD. They expect to receive
business credit assistance from the LPD of
Kedonganan Village. Because at this time of
endemic cafes selling fish dishes on
Kedonganan beach have begun to be crowded
with domestic and foreign tourists.
(2)Community Empowerment or
Resources

Based on the results of Focus Group
Discussion (FGD) with the fishing community
of Kedonganan Village, information was
obtained about counseling and training that is
often provided by the local government, such
as training on business management, field
counseling, training on marketing and fish
processing from the local government of
Badung Regency. In addition, counseling
about small fish farming is also expected, it is
hoped that through improving management
skills and other expertise, it is hoped that
fishermen in Kedonganan village will be able
to innovate businesses other than as
fishermen.  Through  this  innovation,
fishermen can increase their income and in the
end will be able to increase their income and
ultimately improve their welfare [18].
Furthermore, the local government also issued
the Bali Province Regional Regulation
Number 11 of 2017 concerning Bendega.
Bendega is a traditional institution that is
socio-cultural and religious. Bendega is
engaged in the economic, social and cultural
fields. Meanwhile, in the field of fisheries,
Bendega is part of traditional Balinese culture.
Bendega which is part of traditional Balinese
culture plays a role and functions to improve
the welfare of Krama Bendega and is based on
the Tri Hita Karana philosophy and the
teachings of Hinduism in Bali.

Human

(3)Strengthening fishermen’s institutions in
Kedonganan Village

According to the Kedonganan Village profile
data, the number of fishermen currently
available is approximately 257 people. The
number of Kedonganan fishermen are
members of four Kedonganan fishing
community groups. The four fishing groups
are: 1) The Putra Bali Fisherman Group
(KNPB), 2) Kertha Bali Fisherman Group
(KNKB), 3) Ulam Sari Fisherman Group
(KNUS), and 4) Segara Ayu Fisherman Group
(KNSA). According the four groups of
fishermen, only two of them have a legal
protection, there are Putra Bali Fisherman
Group and Kertha Bali Fisherman Group.
After the inauguration of Putra Bali
Fishermen Group in 2012 and for the sake of
fast administration of Putra Bali Fishermen
Group in Badung Regency, finally the Putra
Bali Fishermen Group has a valid decree from
the Head of the Badung Regency Fisheries
Service which the decree was issued
considering the application letter of Putra Bali
Fisherman Group Number 02/KNPB/X1/2016,
dated November 10, 2016 regarding the
request for ratification. The results of these
considerations need to determine the Regent's
decision on the Dynamics of the Socio-
Economic Life of Fishermen in Kedonganan
Village, Badung Regency 1990-2018. With
the existence of these 4 groups of fishermen,
it is hoped that fishermen will have strong
institutions in developing their businesses,
such as marketing fish products, counseling
and business assistance as well as providing
capital assistance and infrastructure through
existing fishing groups.

The Fish Auction Place (TPI) located in
Kedonganan is one of the places for
Kedonganan fishermen to sell their catch. The
TPI was basically one of the aids provided by
government with the aim that Kedonganan
fishermen were protected from the bondage
system at that time. The TPl located in
Kedonganan Village was inaugurated on
March 11, 1979, the TPI has an important role
in helping the marketing of Kedonganan
fishermen [15].
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(4)Facilities and Infrastructure

From the infrastructure side of the production
process, in this case fishing gear, fishing
technology Fishermen in Kedonganan village
are assisted by the Badung district
government by providing assistance with
fishing gear such as machines, fiber and nets
through fishing groups. In addition, the Fish
Go application is also provided, which is an
application designed to help fishermen map
fish species in their catchment areas. This
application was designed by | Gede Mertha
Yoga Pratama and friends, a Bachelor of
Marine Science from Udayana University.
This application can help fishermen to
optimize their catch. So that it can help
improve the welfare of fishermen, especially
in Kedonganan Village and throughout
Indonesia in general.

(5)LPD and Financial Inclusion

Based on the results of information
processing, there are several important
information that can be stated, as follows.
(@LPD as a micro-economic financial
institution belonging to the Traditional
Village, is under the supervision of the LPD
formed by the Traditional Village apparatus.
(b)In general, LPD's have sufficient access to
assist rural communities in the financial
sector.

(c)Individually, community who need loans
still complain about loans that must be
accompanied by collateral/collateral.

(d)In groups it has not been able to be
implemented because the institutions assisted
by the LPD are in form of structuring business
premises, additional capital has not been
realized through groups because the groups
have not been formed formally.

(e)All customers hope that the credit
payments that are temporarily charged are
flat, they hope that it will be more flexible
according to the income they get.

(HAIl  fishermen who receive capital
assistance from LPD agree that they can
increase their business both in creating
additional working hours /work opportunities
and income.
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CONCLUSIONS

Strengthening efforts to improve the welfare
of traditional fishermen in Kedonganan
Village can be done by providing financial
assistance from the Village Credit Institution
(LPD) individually or as an institution so that
fishermen can feel financial assistance
without feeling burdened with complicated
requirements. Improving the empowerment of
human resources (HR) by increasing the skills
of fishermen entrepreneurs through business
management training, counseling and business
assistance. Strengthening fishermen's
institutions through fisherman groups by
providing capital assistance, training and
infrastructure assistance from the local
government of Badung Regency through
fisherman institutions that already exist in
Kedonganan Village. Provision of assistance
for fishing gear facilities and infrastructure
using modern application technology such as
the Fish Go application, so that fishermen are
able to optimize catches and carry out
business innovations so that they can also
improve the welfare of fishing entrepreneurs.
LPD as a micro-economic financial institution
belonging to the Traditional Village has
access to assist village communities in the
financial sector individually, but as a group it
has not been able to be implemented because
the institutions assisted by LPD are in the
form of structuring business premises,
additional capital has not been realized
through groups because the group has not yet
been formed formally. All fishermen who
receive capital assistance from LPD agree that
they can increase their efforts both in creating
additional working hours and income, and
hope that credit payments currently charged
are flat and more flexible in accordance with
the income earned.

The implementation of the financial inclusion
program from the Village Credit Institution
(LPD) of the Kedonganan Traditional Village
requires policy support from the Traditional
Village and the local government to work
together to improve access and use of LPD
services, namely by increasing every
dimension of government financial inclusion
and so that the Village Credit Institution can
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provide cheap credit. and easily accessible to
fishing entrepreneurs who need cheap
working  capital ~ with  uncomplicated
requirements. In an effort to improve the
welfare of fishermen in Kedonganan Village,
there must be business innovations such as
coastal ~ tourism  businesses,  culinary
businesses and fish processing businesses.
With technological advances in marketing the
catches of fishermen, they should be market
not only conventionally but also digitally
marketing or marketing fish by online. It is
hoped that there will be a synergy between the
Regional Government, the Kedonganan
Traditional Village and the Village Credit
Institution (LPD) as well as the private sector
in establishing partnerships with fishing
entrepreneurs so that they are able to develop
their businesses well, so that the welfare of
fishermen can be improved.
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Abstract

Good economic profitability in rice farming is known to have a positive influence on the happiness or well-being of
farmers. This study investigated the relationship between profit and happiness of rice farmers in Leyte, Philippines
under the carrying out of Rice Tariffication Law (RTL) in the country. The study employed cross-sectional and
secondary data from an existing study from rice farming literature that measures the profit and corresponding
happiness of a farmer in one cropping season. Regression modeling was used to elucidate the correlation between
profit and happiness, and K-means clustering was employed to categorize a group of farmers that have more or less
the same characteristics. Results showed that, on average, profit and happiness are relatively low during the
implementation of RTL. The bivariate linear regression model has shown that there is a positive relationship
between profit and happiness. This implies that as profit increases, the happiness of a farmer also increases. In
addition, the logistic regression has revealed that the likelihood of a farmer being happy increases by 0.324% when
the profit increases by 1%. Moreover, the ordered logistic regression has shown that as profit increases by 1%,
farmers' log odds of being happy increase by 0.0129. Furthermore, by K-means clustering, the dominant of the
farmers (45.76%) are grouped as low profit and happiness, and only 7.91% are categorized as high profit and
happiness under RTL. Hence, the study recommends that the Philippine government must subsidize the local
farmers' needs to increase their economic profit and improve their well-being as a farmer.

Key words: happiness, economic profit, rice tariffication law, regression model, k-means clustering

INTRODUCTION nature of an individual's well-being which is a
function of different life events and life
Happiness is not only defined as the  profiles [12].

individual’s ~ conditions  of  economic
prosperity but also refers to the condition of a
great and meaningful life [7], [8], [24].
Measuring happiness is scrutiny of subjective
well-being and meaning of life of an
individual and it is highly studied in the area
of social sciences. In particular, there are
researches in economics that deals with the
relationship between happiness and income
[9], [10], [11], [19], [23]. In fact, some social
scientists are puzzled about the correlation
between these two variables since their
relationship is very dynamic across different
demographic profiles and life management
[12], [19], [21]. On the face of it, happiness

In particular, in the study of Kumar et al. [13],
income and satisfaction in life events are
strong predictors of farmers' happiness.
Income or profit is the main reason why an
individual is motivated to work. In fact, good
business performance is determined by higher
economic profitability. However, during the
time that Rice Tariffication Law (RTL) was
implemented in the Philippines, profitability
(or income) and satisfaction in rice farming
has an inverse effect on each other [4]. This
means that a farmer with a high income tends
to be more unhappy due to corresponding
high agricultural expense that leads them to
access credit. Apparently, the country

research is considered intriguing and
interesting to social scientists due to its
fluctuating behavior as a function of income
inequality. Apparently, studying the economic
predictors of happiness will understand the

Philippines is an agricultural economy where
rice is the main crop and main source of
income for many Filipinos. In fact, the
Philippine government is focusing on the
agricultural sector, especially for rice as

141



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

Vol. 22, Issue 4, 2022
PRINT ISSN 2284-7995, E-ISSN 2285-3952

Filipinos' main staple food to progress by
making programs and laws, and one of them
is RTL. RTL was issued in the year 2019 and
was destined to lift the import restriction of
rice in the country [4], [20], [25]. The main
purpose of RTL is to allow the importation of
rice to meet the required supply for all
Filipinos which offer customers rights and
affordable rice prices, especially to the poor
[3].

However, the rice output price in the country
has lower down due to the high supply. In that
case, rice farmers' profitability is adversely
affected as well as their well-being or
happiness in farming. The most affected by
RTL are small-scale (poor) farmers in the
rural areas of the country. According to the
paper of Briones [2], RTL is worsening the
income inequality in the Philippines where
rice farmers are experiencing economic
poverty. In fact, there are studies in rural areas
in the Philippines that rice farmers are having
a hard time compensating for their expenses
in farm inputs due to the low marketability
profit of rice outputs [3], [4], [20]. In addition,
aside from the low price of rice outputs,
farmers are also facing difficulties in
acquiring agricultural inputs since their prices
are also rising over time [4], [6].

Although the investigation of happiness and
profitability is well-research in the economics
literature, however, the relationship between
these two variables concerning rice farmers
experiencing the implementation of RTL in
the Philippines has never been done. In fact,
elucidating the association of the said
variables using the regression analysis and K-
means clustering approach is scarce. In light
of it, this correlation study is realized.
Generally, the purpose of this study is to
explain the features of the relationship
between happiness scale and profitability in
rice farming under RTL in Leyte, Philippines.
Specific objectives are as follows: (1)
construct a regression model for happiness
and profitability of rice farmers in one
cropping season under RTL, and (2) create
clusters or groups with the same
characteristics in regards to  the
correspondence  between happiness and
profitability in rice farming under RTL using
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K-means clustering approach. The
significance of this study is to provide richer
information that may help policy-making
bodies in the government in improving the
productivity and well-being of small-scale
rice farmers in the Philippines.

MATERIALS AND METHODS

In this study, a complex-correlational research
design was employed to elucidate the
influence of the level of profitability in rice
farming on the happiness of farmers. The
study considered secondary data from the
study of Casinillo and Serifio [6]. The study
deals with predicting the determinants of
happiness using econometric modeling,
however, it does not focus on the effect of
profit on the subjective well-being (happiness
scale) of farmers under the RTL, particularly,
in Leyte, Philippines. In that case, the
following variables were considered: (1)
happiness (scale of 1 to 10) and (2) profit in
one cropping season under the
implementation of RTL (in PHP). Table 1
presents the interval happiness perception
scores and their corresponding verbal
description.

Table 1. Happiness perception scores and their verbal

description
Perception Score Description
1.00 - 2.80 Not Happy
2.81 - 4.60 Slightly Happy
4.61 - 6.40 Moderately Happy
6.41 - 8.20 Happy
8.21 -10.00 Very Happy

Source: Authors’ own guidelines (2022).

Moreover, the study employed 177
respondents in Leyte, Philippines as small-
scale (mean paddy farm area is 0.71 hectare)
rice farmers that have experienced the effect
of RTL in the remote area of the country.

As for data analysis, the study dealt with
regression modeling to determine the
association of the said two variables.
Henceforth, the regression model can be
written as:

Happiness; = d; + d,log (profit + 1); + ¢;
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where: Happiness; refers to the level of
happiness (scale of 1 to 10), log (profit + 1);
refers to the logarithm (base of 10) of profit
(in PHP) plus 1 (normalized), i =1, ...,n and
n refer to the number of rice farmers, d,and
d, refers to the parameters to be approximated
and &; captures the remaining random error in
the model. Firstly, ordinary least square
(OLS) regression was considered as the
dependent variable happiness scale (1-10) was
used. The OLS model will approximate the
increase (or decrease) of the happiness level
as the profit increases (or decreases) [22].
Secondly, the binary logistic model was
constructed by transforming the dependent
variable as follows: 0 - not happy (scale of 1
to 5) and 1 - happy (scale of 6 to 10). The
logistic model determined the association
between dependent and independent variables
in terms of the log of odds [17]. Additionally,
in the binary logistic model, the marginal
effect was computed to determine the
probability of binary outcome (dependent
variable) change as the predictor also changes
[18]. Thirdly, the ordered logistic model was
also employed by decoding the dependent
variable as follows: O - not happy (scale of 1
to 3), 1 - moderately happy (scale of 4 to 6),
and 2 - very happy (scale of 7 to 10). This
model also elucidates the relationship between
dependent variables (ordinal categories) and
their predictors concerning the ordered log-
odds scale[17], [22].

Moreover, the K-means clustering method
was used to cluster or group that data set into
similar categories. This approach aims to
partition a data set of observations
(correspondence between happiness scale and
profit in PHP) into different clusters (K). Note
that the K-means clustering approach uses
centroids, that is, the K different random
points in the data were assigned to clusters
with the nearest centroid.

As for optimizing the value of K, the approach
uses the sum of squared errors or variation by
comparison [14], [15].

All statistical calculations and graphs are done
with the aid of software programs called
STATA and R-statistics.

RESULTS AND DISCUSSIONS

This section discusses the behavior of the
relationship ~ between  happiness  and
profitability of rice farming as an influence of
RTL. The correlation of these two variables is
vital in rice production as well as the farmers'
efficiency and  well-being. Perhaps,
elucidating the relationship between these two
variables may suggest a plan of action or
policy that will improve or modify the
promulgated RTL in the country which favors
the affected and poor rice farmers. Figure 1
presents the scatter plot of subjective
happiness (Scale of 1 to 10) and economic
profit in rice farming for one cropping season
(in PHP). The graph shows that the impact of
RTL on the well-being of farmers is
somewhat negative showing a low level of
happiness which corresponds to low economic
profit for most of the farmers.
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Fig. 1. Scatter plot for happiness and profit of farmers

Source: Authors’ own construction based on data
(2022).

This means that farmers' well-being is
adversely affected by low prices of rice
outputs due to the volume of imported supply
brought by the RTL [20]. According to
Calicdan et al. [3] and Casinillo [4], most of
the small-scale rice farmers' well-being is
negatively affected because of low income
from rice  production  during  the
implementation of RTL. This is because
several of the rice farmers in the rural areas
are not supported by the Philippine
government concerning their farm inputs
while suffering from low prices of outputs
[25]. Hence, Fig. 1 only shows a few rice
farmers that are happy during the promulgated
RTL in the country. Table 2 shows that the
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mean subjective happiness of rice farmers is
considered low (4.85 out of 10) (SD=1.67), in
particular, it can be interpreted as "moderately
happy" based on Table 1. In addition, the
average profit of farmers in one cropping
season is close to PHP 19,607.70
(SD=15,222.69) and is considered relatively
low as opposed to no existing RTL in the
country. This result is parallel to the study of
Casinillo and Serifio [6] which stated that the
actual happiness in rice farming is low
compared to their expected happiness under
the RTL. It is worth noting that in some
studies, happiness or well-being is directly
related to income and productivity [4], [10],
[19], [23]. In other words, the happiness of an
individual is dependent on their economic
gain and satisfaction as being productive in
their work. Moreover, the result suggests that
lower income (or profit) is associated with the
worst feeling (stress) and not being satisfied
with their life experiences [10], [21].

Table 2. Descriptive statistics

Variable Mean Std. Dev. Min Max

Happiness? 4.85 1.67 2 10

Profit? 19,607.70 | 15,222.69 516 85,000

Note: a - Scale of 1 to 10, b - one cropping season (in
PHP)
Source: Authors’ own calculation based on data (2022).

Regression analysis

Regression analysis was constructed to
explain the behavior of the relationship
between happiness and profitability of rice
farmers. However, before the interpretation of
the constructed regression models, diagnostic
tests were employed first. In that case, the
model is considered heteroscedastic by the
Breusch-Pagan  test ( x? =8.26, p-
value=0.0041). Hence, the model is corrected
using the robust command in STATA to have
the constant residuals in the model and
eliminate the biased caused by standard errors
[5]. With the aid of the Shapiro-Wilk test, it
has been shown that the OLS model's
residuals are not normal (W=0.96, p-
value<0.001). However, the graph of Kernel
density estimate for residuals in the model and
the normal density is almost the same as
shown in Figure 2, that is, the residuals of the
regression model are almost normal [22]. On
the face of it, the regression models are valid
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for concluding the relationship between
happiness and profitability of rice farmers
under the promulgated RTL as shown in
Table 3.

Kernel density estimate

Density
15 2 25

A

.05

-5 [} 5 10
Residuals

Kernel density estimate
Normal density

Fig. 2. Kernel density estimate and normal density for
residuals

Source: Authors’ own construction based on data
(2022).

Fig. 3 (happiness versus actual profit) and 4
(happiness versus normalized profit) show
that the regression line is increasing in nature.
This implies that as profit increases, the
happiness or well-being of a farmer will also
increase. In other words, the happiness of a
farmer that is associated with productivity is
directly proportional to the economic profit
which they get through farming. It is worth
noting that income (or profit) will bring
benefits and comfort to the farmers' families
[6]. In fact, several studies in the literature
have studied the relationship between
happiness and income, in which they found a
positive relationship between the two
variables [6], [9], [11].
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Fig. 3. Regression line as fitted values to the actual
values of profit

Source: Authors’ own construction based on data
(2022).
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Fig. 4. Regression line as fitted values to the
normalized profit
Source: Authors’ own construction based on data

(2022).

Table 3 reveals that OLS model is significant
at 10% level (Fc=2.76, p-value=0.098).
Additionally, it reveals that economic
profitability is a significant predictor of the
happiness of a farmer under the
implementation of RTL at a 10% level. This
implies that as profit increases by 1%, there is
a significant increase of 0.0096 in the level of
happiness in farming. In that case, farmers'
well-being and motivation are to maximize
their profit and improve their productivity in
the paddy farm. This finding is parallel to the
existing studies on the economics of
happiness that income (or profit) is a
significant predictor of an individual's
subjective happiness [1], [7], [9]. The
goodness of fit indicates that only 4% of the
variability in the response variable is
explained by the model. This low increment in
happiness in relation to their economic profit
can be explained by the effect of RTL. In the
study of Casinillo [4], farmers have low
satisfaction in their work due to the low
marketability price of rice outputs and
expensive agricultural inputs. Moreover, the
binary logistic model is significant at a 1%
level (¥2=9.19, p-value=0.002). This implies
that profit as a predictor of happiness is
significantly influenced. In fact, the model
reveals that in every 1% increase in the profit,
there is a corresponding increase of 0.0151
log odds of being a happy farmer and it is
significant at a 1% level. In addition, by
marginal effects, the model reveals that the
probability of a farmer with high profit being
happy is higher by 0.324% as opposed to a
farmer with low profit. In other words, a
farmer who has a good profit during the

implementation of RTL is more likely to be
happy. Furthermore, the ordered logit model
is also significant at a 1% level. This indicates
that profit is a significant predictor of (p-
value=0.006) happiness.

The model depicts that as the profit increases
by 1%, farmers are more likely happy. The
results suggested that the main target of a
farmer is a good profit that will compensate
for their expenses and hard work. The same
results in the existing studies in literature, the
farmers' well-being (or happiness) is directly
associated with their economic gain (or profit)
[4], [16]. In the study of Casinillo [6],
farmers must be supported by the government
in relation to their agricultural needs and
expenses to maintain the rice farmers'
productivity in the country. In that case,
farmers' economic profit will tend to increase
as well as their well-being if they are
supported and allocated with a budget as
subsidies for farm inputs.

Table 3. Regression analysis for happiness and

profitability
Binary Ordered
l\f[)(ﬁlsel Logit Logit
Model Model
Constant 0.822™ -7.086**
(2.450) (2.214)
. 0.966* 1.510** 1.286**
b
log (profit+1) | o582) | (0.522) (0.476)
n 177 177 177
F 2.760 - -
%2 - 9.19 7.56
p-value 0.098 0.002 0.006
R? 0.040 - -
Pseudo R? - 0.041 0.023
Marginal
effects 0.324

Note: b - one cropping season (in PHP); Standard
errors are enclosed by parenthesis; ns - not significant;
*p<0.1; **p<0.01.

Source: Authors” own calculation based on data (2022).

K-Means Clustering

Table 4 shows the K-means clustering results
with the optimal solution K=4. This implies
that the data set can be clustered into four
groups with the same characteristics. Cluster 1
shows the highest mean average of happiness
(Mean=6.43) and profitability (Mean=PHP
58278.57) in rice farming in one cropping
season under RTL. This group of farmers is
happy (Table 1) and productive in rice
farming even with the adverse effect of RTL
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on the rice output marketability price. Such
group of farmers are considered the least
affected by RTL, or somewhat the
government has supported their agricultural
inputs and other expenses [3]. However, this
actual happiness is significantly lower as
opposed to the expected happiness in relation
to the implemented RTL [6]. The second
cluster represents the group of moderately
happy farmers (Mean=5.41; Table 1) to their
profit (Mean=PHP 33,548.28) under RTL.
This type of farmer is moderately affected by
the implemented RTL in which their profit
and happiness are lowered compared to the
previous cropping season (non-existence of
RTL). As for the third cluster, farmers of this
group can be interpreted as moderately happy
(Mean=4.79; Table 1) which corresponds to a
profit of PHP 19,170.94. Farmers of this type
are approximately the same as cluster 2
(moderately happy), however, a little lower is
observed due to the big difference in
economic profit. The last group (cluster 4) of
farmers is the most affected by RTL and can
be represented as slightly happy (Mean 4.41;
Table 1) farmers with an economic profit of
PHP 8,218.56.

Table 4. K-Means clustering for happiness scale and
profitability in rice farming (n=177)

ooty | et | Hapiness | proie
n 14 14

1 min 4 46,700
mean 6.43 58,278.57
max 9 85,000
n 29 29

2 min 2 27,200
mean 5.41 33,548.28
max 10 45,000
n 53 53

3 min 2 14,000
mean 4.79 19,170.94
Max 8 26,000
N 81 81

4 Min 2 516
Mean 441 8,218.56
Max 10 13,500

Note: a - Scale of 1 to 10, b - one cropping season (in

PHP)

Source: Authors’ own calculation based on data (2022).

This type of farmer is dominant among all
farmers who experience the effect of RTL in

the Philippines [2], [3], [4], [6], [20], [25].
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In light of it, the happiness and profitability of
rice farmers in the rural areas in the country
are negatively lowered when there is a
continuous importation as the government
sustains the economic supply for rice.

Figure 5 depicted a graphical representation of
K-means clustering results with different
colors that categorized the different clusters or
groups of farmers with the same
characteristics. Only 7.9% (color green) of the
farmers in Leyte are considered happy as
shown in Figure 5. About 16.38% (color red)
and 29.94% (color mint blue) of the farmers
can be represented as moderately happy
(Figure 5). Dominantly, on average, 45.76%
(color blue) of these farmers are considered as
slightly happy to their profit under RTL
(Figure 5). Overall, the figure shows that the
effect of RTL in rice farming in rural areas in
the country the Philippines is adverse and has
affected the well-being and productivity of
farmers. This result is consistent with the
existing studies in the literature [2], [4]. On
the face of it, the poor farmers must be
supported by the Philippine government to
progress rice production in the country [26].

e 4 A A ]
A
o o — A
£
s r'y (N
8 © - AMAA - E
[ = w
2 YV e N mE
2 |
T <« - ABESA - .
TS ™
o~ - AAAA [ N |
T T T T T
0 20000 40000 60000 80000

Profit (in Peso)
Fig. 5. K-means clustering results with K=4

Source: Authors’ own construction based on data
(2022).

CONCLUSIONS

The study's purpose is to elucidate the
association between the happiness and
profitability of rice farmers in a rural areas in
the Philippines under the promulgated RTL.
The study revealed that the level of happiness
in rice farming during the RTL is relatively
low as well as the profitability.

This implies that RTL harms farmers'
productivity due to the high agricultural input
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costs and low marketability price of rice
outputs in the country.

The regression analysis has depicted that
profitability is a significant predictor of
happiness in rice farming under RTL.
Additionally, it is revealed that happiness is
directly associated with economic
profitability. Hence, it is concluded that as
profit increases, rice farmers are more likely
to be happy.

However, the increase in happiness is just a
little due to the low profitability in farming
(one cropping season) under RTL. In addition,
the K-means clustering has revealed that the
dominant rice farmers have a low level of
happiness that corresponds to a low level of
profitability due to RTL and very few are in
the category of happy farmers with high
profit. ~ Conclusively,  the  Philippine
government must take an action to modify the
promulgated RTL in the country that will
favor the small-scale rice farmers, especially
in remote areas. The government also must
allocate a budget for subsidies and support to
the poor farmers concerning their agricultural
inputs as well as farm equipment that
somehow helps their productivity and
profitability under RTL. Moreover, the local
government must conduct seminars and
training on how to be efficient and productive
(e.g. Farmer Field School) in rice farming as
well as orientation about the advantages and
disadvantages of the implemented RTL in the
country. The study recommends that one may
consider conducting a study that involves
farmers' cooperatives and access to credit as a
potential gap in the argument of this current
study for future research.
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Abstract

This article aimed to present the role of extension agents in improving rice farmers' income in Albuera, Leyte,
Philippines. It also predicts the significant factors that influence the rice farmers' income to make policies that
might improve the well-being of farmers as well as their rice production. Primary data were gathered through a
developed structured questionnaire as a guide for a face-to-face interview of the sample farmers. The gathered data
were summarized through some descriptive statistics and constructed an inference using econometric analysis in the
form of a regression model. Results depicted that the average monthly income of rice farmers in Albuera, Leyte is
close to 5,047.95 (P) (SD=2,208.20 (P)). On average, farmers’ perception score towards extension agents’ role
revealed that they are ‘“undecided” (Mean=3.28; SD=0.85) (score of 1 to 5) in regards to satisfaction.
Additionally, the econometric model showed that farmer's ownership of the rice field (p-value=0.003), educational
attainment of farmers (p-value=0.001), perception of farmers to extension agents as "organizers" (p-value=0.100),
and perception of farmers to extension agent as "facilitator" (p-value=0.080) are the significant predictors of their
monthly income. In conclusion, farmers in Albuera need assistance in regard to their agricultural production
especially knowledge about new technologies and innovation to increase their economic profit. Hence, the study
recommends that the Philippine local government must initiate organizing farmers' associations and cooperatives to
address farmers' constraints and lack of agricultural training. Furthermore, the agricultural sector in the country
must strengthen the agricultural extension agents by giving them proper training and education to effectively aid
farmers.

Key words: extension agent, small-scale rice farmers, monthly income, econometric analysis

INTRODUCTION

The role of an agricultural extension agent is
to improve the agricultural production
process, develop education in agriculture, and
progress farmers' income [24], [14]. In that
case, sustainability in the agricultural aspect is
expected to grow when an extension agent is
continually providing the information and
right knowledge for innovation. Hence, an
extension agent is vital especially for small-
scale farming to increase productivity. In the
country Philippines, rice is the main staple
food and source of income for Filipinos living
in rural areas [5], [7]. And most of the rice
farmers are low educated individual that needs
proper guidance in the aspect of the farming
system [3], [7]. The study of Casinillo and
Serifio [7] revealed that farmers without
enough knowledge and expertise in the
government agricultural policy have a low
happiness that affects their level of
production. As a consequence, rice farmers'

satisfaction and income are adversely affected
by their low quality of well-being and lack of
knowledge in agriculture [5], [23], [28]. On
the face of it, the government must initiate
agricultural programs and projects that will
enhance productivity in farming through
extension agents [8]. With this, non-educated
farmers are guided and provided agricultural
techniques to improve their capability in
farming and increase profitability. In the study
of Okwuokenye and Okoedo-Okojie [21],
extension agents in agriculture have a primary
concern about innovative technologies for
farmers that will help them solve problems
and amend existing techniques. In fact,
agricultural extension is a kind of educational
procedure that is fashioned for farmers to
adopt improved technologies and practices
[20], [30]. In that case, an extension agent is
described as a tool in the carrying out of
different agricultural projects [24], [14],
[30].In other words, the main purpose of an
extension agent is to impart educated
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agricultural techniques that will sufficiently
increase the production level and increase
farmers' income [2].Apparently, in the study
of Birkhaeuser et al. [3], it is stated that the
extension agent has induced a great
modification in the production and
highlighted the value of an efficient transferral
of advanced knowledge and new techniques to
the farmers. Additionally, an agricultural
extension agent can bridge the gap between
discoveries in science laboratories and
modification in the farmer's actual situation in
the field [30], [3]. Extension agents' roles are
the following [17]: (1) Educator - this refers to
disseminating or transferring of information
that brings about positive modification or
benefits to farmers through pieces of training;
(2) Mediator - this means that extension
agents serve as a linker between agricultural
researchers and actual farmers; (3) Organizer -
this refers to a systematic planning and
coordinating groups or associations to obtain
a common goal which is agricultural
productivity; (4) Facilitator - extension agents
serve as a guide for farmers in facilitating
their needs especially and addressing
agricultural constraints; (5) Solution giver -
this means that an extension agent must have
enough knowledge and always been a source
of information for farmers' existing problems
in the production, and (6) Enabler - this refers
to making the farmers being capable of coping
the situations and achieving goals which are
improving productivity. Shedding light on the
level of rice farmers' income is well-
researched, however, elucidating the role of
extension agents as correlates of farmers'
income is scarce in the body of knowledge.
Additionally, predicting the factors (role of
extension agents) affecting the farmers'
income using an econometric analysis has
never been done especially in the rural areas

in the Philippines. Hence, this article
constructed a regression model that
determines the significant factors that

influence the farmers' income in rice farming
as influenced by extension agents.
Specifically, the article provides an answer to
the following objectives: (a) to describe the
socio-economic profile of rice farmers in
Albuera, Leyte, Philippines; (b) to find out

150

causal factors that influence the rice farmers'
income as governed by extension agents. The
goal of this article is to supply new
knowledge and policy that will improve the
farmers' productivity and provide new
information to amend the service of extension
agents in the country.

MATERIALS AND METHODS

The location of this survey study is Barangay
Poblacion, Albuera, Leyte, Philippines which
is considered one of the large rice land areas
in Albuera, Leyte. This site has a lot of paddy
farmers that are reached out by extension
agents. In that case, most of the farmers in the
area are guided in regard to farming
technologies and innovations. The survey
only considered the small-scale farmers
working with an average of 2 hectares of rice
fields. Map 1 below displays the location of
the survey study.

Luzon

Manila

o

Mindoro
Albuera

Panay
Cebu

Negros Cagayan
de Oro
Mindanao
Davao

Palawan

Sulu Sea

Map 1. Location of Albuera, Leyte, Philippines
Source: [13].

The research design applied to this study is a
descriptive-correlational  study where it
applies some descriptive statistics to
summarize the gathered information and
constructs an econometric model to make an
inference. In determining the number of
participants, a sampling technique called
simple random sampling was employed. As
for the sample size, Slovin's formula was used
as follows:

N

n= 5
1+ Ne
where:
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n — refers to the sample size, N — refers to the
population size (all farmers that are reached
out by an extension agent); and e —refers to
the margin of error, the margin of error in this
study is 5%. The sampling frame of all
farmers was provided by the Municipal
Agriculture Office (MAO) of Albuere, Leyte.
Hence, this study considered 73 farmers in the
Barangay to represent as participants of this
study. Indeed, an ethical procedure was
observed in the survey, a letter of permission
was sent to the head of MAO, and participants
were informed that the survey was voluntary
and their response is highly confidential and
solely used for this article only.

Concerning the survey questionnaire, it is
developed structured type that was utilized to
gather relevant information for this article.
The said questionnaire is a guide for the
interviewer for a face-to-face interview. The
interview was done using the dialect of
farmers in order for them to understand
clearly and answer the questions accurately.
The questionnaire contains the socio-
demographic profile, the farmers' perception
of the extension agents' role, and the farmers'
monthly income in rice farming alone. For
socio-demographic, captures the following:
age of farmers (in years), sex of farmers (0O-
female, 1-male), education of farmers (0 -
non-college graduate, 1 - college graduate),
farm owner (0 - No, 1 - Yes). Additionally,
the farmers must rate (perception score from 1
to 5) the following: (1) Educator, (2)
Mediator, (3) Organizer, (4) Facilitator, (5)
Solution giver, and (6) Enabler. Table 1
presents the guide for farmers' response to
extension agents' roles.

Table 1. Scoring guidelines for extension agents’ role

Interval perception scores Verbal rating
1.00-1.80 Very unsatisfied
1.81-2.60 unsatisfied
2.61-3.40 Undecided
3.41-4.20 Satisfied
4.21-5.00 Very Satisfied

Source: Authors’ own guidelines (2022).

Furthermore, economic profit (P) in rice
farming (one cropping season) was calculated
as total revenue (P) less total expense or cost
(P). Since one cropping season in rice farming
will take place for about 4 months [27], then
monthly income (P) in rice farming is

calculated as economic profit(?) divided by 4.
After the survey, the data gathered has
undergone a clearing or removal of outliers
(extreme response). In the data management,
mean (M), standard deviation (SD), minimum

(min), and maximum (max) value was
computed as descriptive measures.
Furthermore, an econometric regression

model in the form of ordinary least squares
(OLS)was constructed to acquire the
significant factors of farmers’ monthly
income (dependent variable). The independent
variables are the socio-demographic and
farmers’ perception to the extension agents’
role. Thus, the empirical econometric model
has the following form:

I;=0p+ alagei + domale; + dzeduc;

+ dyown; + dseducator; + dgmediator;
+ dyorganizer; + dgfacilatator ;
+ dosolution; + 9 penabler; + ¢;

where:
I; refers to the farmers’ monthly income (P),

age; refers to the farmers’ age in years, male;
refers to a dummy variable that captures male
farmer, educirefers to a dummy variable that
captures a farmer who is a college graduate,
educator; refers to the farmers’ perception
score of an extension agent as an educator
(Score of 1 to 5), mediator; refers to the
farmers’ perception score of an extension
agent as a mediator (Score of 1 to 5),
organizer; refers to the farmers’ perception
score of an extension agent as an organizer
(Score of 1 to 5), facilatator; refers to the
farmers’ perception score of an extension
agent as a facilitator (Score of 1 to 5), solution;
refers to the farmers’ perception score of an
extension agent as a solution giver (Score of 1
to 5), enabler ; refers to the farmers’ perception
score of an extension agent as an enabler
(Score of 1 to 5), 9,vt € {0,1,...,10}refers
to the parameters to be approximated and €
refers to the remaining random error in the
model (1). STATA version 14 was used to
obtain accurate calculations and diagnostic
tests were also done to assure the validity of
the model (1).
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RESULTS AND DISCUSSIONS

Socio-demographic profile

In Table 2, it is revealed that the average age
of rice farmers in Barangay Poblacion,
Albuera, Leyte is close to 58 years old. The
youngest is 36 and the oldest is 79 years old.
This result is parallel to the findings of
Casinillo and Serifio [7] that most rice farmers
nowadays are mostly adults or older people
since their young ones are sent to schooling to
find decent work after. About 63% of these
rice farmers are male and only 37% are
female. It is worth noting that rice farming is a
masculine job, hence, most are males who can
manage this work well [4]. About 41% of
these farmers own their rice fields and 59%
are just tenant who cultivates the paddy farm
with a rental fee to the landowner. This
scenario is very common in the rural areas of
Leyte, Philippines where most of the farmers
are tenants rather than the owner of rice fields
[4], [7]. Most (89%) of these farmers did not
graduate with a bachelor's degree, hence, their
knowledge used in farming is coming from
their experiences. In that case, farmers of this
type need guidance from extension agents
[24], [14]. Moreover, the rice farmers'
monthly income is about 5,047.95 pesos. The
minimum is 3,000 and the maximum is
15,000 pesos. The rice farmers with high
income are the one who applied innovative
technologies in agriculture that improves their
production [25]. In that case, to improve
economic profitability in rice farming, farmers
must be guided by an extension agent
concerning their problems and constraint that
need to be addressed [11], [19]. Hence, the
right information in farming that is imparted
by extension agents will lead to efficient
productivity as well as the well-being of
farmers.

Table 2. Farmers’ profile

Variables M = SD min max

Age of farmers 57.79 % 9.49 36 79

Male? 063 * 0 49 0 1

Owner? 0.41 = 0.49 0 1

Education? 011% 031 0 1

Monthly income® 5,047.95 * 3,000 | 15,000
2,208.20

Note: a - dummy variable; b - Philippine Peso (P);

Source: Own calculation based on data gathered (2022).
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Extension Agents’ Role

As seen in Table 3, farmers are satisfied with
the extension agent as an "educator" (M=3.67,
SD=0.75). This implies that the extension
agent has imparted some useful knowledge to
farmers concerning educational technologies
in rice production and other post-harvest
activities. This transfer of knowledge is done
through training or seminars in the form of
farmer field school (FFS) that influences their
attitude and practices in farming [25]. In the
first place, the role of the extension agent is to
help farmers through educational means to
improve their way of living and improve their
economic income [16]. Secondly, the farmers
are undecided about their perception of the
extension agent as a "mediator"(M=2.85,
SD=0.89). This implies that farmers cannot
somehow see extension agents as an
intermediary in developing communication
systems with local organizations in their
place. In other words, farmers are not satisfied
with linking or coordinating services and
promoting  collaborationism  with  rural
development stakeholders. According to
Rivera [26], it is a responsibility of an
extension agent to serve as a liaison between
experts in agricultural sciences and local
farmers.Farmers' perception towards the
extension agent as an "organizer" is
approximately satisfied (M=3.74, SD=0.88).
In this case, extension agent is doing their
duties as an arranger of events and other
opportunities for economic development like
cooperatives and training. It is stated in the
book article of McDonnel et al. [18] that
organizing cooperatives is very helpful for
small-scale farmers to take advantage of
economic and financial opportunities that
might improve their entrepreneurial practices.
Also, the extension agent as a "facilitator” is
rated as satisfied (M=3.41, SD=0.88) by
farmers. This indicates that an extension agent
has facilitated the farmers in addressing the
constraints and other problems in agricultural
production and development. Daum and
Birner [11], stated that farmers need extension
agent that facilitates the needs in financial
aspects concerning agricultural mechanization
to improve efficiency in farming. However,
farmers are undecided to their rating to an
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extension agent as “solution giver” (M=3.37,
SD=0.83) and “‘enabler” (M=2.63, SD=0.91).
This implies that an extension agent cannot
always solve the existing problems of a
farmer concerning all aspects of agriculture-
related. In addition, an extension agent does
not always made his clients (farmers) capable
of coping with the risks scenario to focus on
their main goal which is economic
profitability. According to Nakano et al. [19],
it would have been effective if farmers are
provided with a farmer-to-farmer extension
program governed by extension agents to
solve their problems in terms of technologies,
financial aspects, output distribution (supply
chain), and marketing, among others.
Moreover, the farmers' overall perception of
the extension agent is undecided (M=2.63,
SD=0.91). This implies that the extension
agent in their place must be strengthened and
must be trained well to effectively function in
their respective role. Farooq et al. [12], stated
that extension agents must undergo an
agricultural training course to disseminate
innovative agriculture technologies and to
construct policy suggestions for sustainable
development.

Table 3. Farmers’ perception of extension agents' role

revealed that the model has no omitted
variable bias and implies that the variables
included in the model were appropriate and
relevant as predictors (p-value=0.137) [10].
Moreover, the variance inflation factor (VIF)
revealed that the econometric model does not
suffer from multicollinearity problems which
implies that no association was found in the
pairwise correlation of predictors (VIF=1.51).
This means that without the multicollinearity
problem, no factor can undermine the
statistical significance of a predictor [1].
Furthermore, by the Shapiro-Wilk test, it is
revealed that the model has normal residuals,
that is, normally distributed. This implies that
the model’s assumption is valid and will lead
to a reliable inference and predictions of the
results.

Table 4. Diagnostic tests

Test Statistic P_value | Interpretation

Breusch-Pagan =841 0.004
test

Heteroscedasticity

Ramsey RESET F_19p 0.137 No omitted
test variables bias
Variance inflation ) No

VIF=1.51

factor (VIF) Multicollinearity

Shapiro-Wilk test Z-.1190 0.883 Residuals are

normal

Variables M= SD Description?
Educator® 3.67%0.75 Satisfied
Mediator® 2.85% 0.89 Undecided
Organizer® 3.74 £ 0.88 Satisfied
Facilitator® 3.41%* 088 Satisfied
Solution giver® 3.37* 083 Undecided
Enabler® 263% 091 Undecided
Over-all 3.28* 085 Undecided

Note: ¢ - Score of 1 to 5; d - See Table 1.

Source: Own calculation based on data gathered (2022).

Econometric analysis

Table 4depicts the different diagnostic tests
for the OLS model to guarantee the validity of
making an inference to the results. Firstly, the
Breusch-Pagan test found that the OLS model
is heteroscedastic (p-value<0.001). This
means that the variances in the model are not
constant and it needs to be corrected [15].
Hence, the model was rectified using the
robust command in the STATA to arrive at

homoscedasticity concerning the variances [6].

With the aid of the Ramsey RESET test, it is

Source: Own calculation based on data gathered (2022).

Table 5depicts that the created econometric
model is significant (Fc=3.71, p-value<0.001)

at a 1% @level. In fact, the coefficient of
determination (goodness of fit, R?=0.435)
shows that the model has a better fit. This
means that there are causal factors
(demographic profile and extension agents’
role) influencing the monthly income of rice
farmers. However, the model reveals that the
following variables does not influence the
monthly income of farmers at 10% level (at
most): (1) age of farmers (p-value=0.992), (2)
sex of farmers (p-value=0.987), (3) perception
of farmers to extension agent as “educator”
(p-value=0.882); (4) perception of farmers to
extension agent as  “mediator”  (p-
value=0.640); (5) perception of farmers to
extension agent as “solution giver” (p-
value=0.570); and (6) perception of farmers to
extension agent as “enabler” (p-value=0.789).
On the other hand, the model depicts that the

following predictors are significant at a 10% ¢
level (at most): (i) farmers own their rice
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fields (p-value=0.003); (ii) educational
attainment of farmers (p-value=0.001); (iii)
perception of farmers to extension agent as
“organizer”  (p-value=0.100); and (iv)
erception of farmers to extension agent as
“facilitator” (p-value=0.080).

Table 5. An econometric model for farmers’ monthly
income and its causal factors.

Causal Factors of Econometric (OLS) Model
Monthly Income” Coefficient Std. Error p-value
Constant 3.61756** 0.1242 <0.001
Age of farmers -0.00002" 0.0018 0.992
Male? 0.00059™ 0.0363 0.987
Owner? 0.10590** 0.0342 0.003
Education? 0.24968** 0.0684 0.001
Educator® -0.00445" 0.0298 0.882
Mediator® -0.01077" 0.0229 0.640
Organizer® 0.03423* 0.0217 0.100
Facilitator® -0.0360* 0.0203 0.080
Solution giver® 0.0114™ 0.0199 0.570
Enabler® -0.0038" 0.0144 0.789
Observation 73
F-computed 3.71
Pvalue <0.001
Coefficient of
determination (R”) 0435

Note: a - dummy variable; b - Philippine Peso (P); ¢ -
Score of 1to 5; ns- not significant; * - significant at
10%< level; ** - highly significant at 1% level.

Source: Own calculation based on data gathered (2022).

It is worth noting that if the farmer owns the
paddy farm, then the farmer does not pay any
more a rental fee for using the farm. In that
case, the farmer only spends on agricultural
inputs and labor expenses which indicates that
owning a farm is a significant advantage as
opposed to a tenant farmer. This result is
consistent with the study of Casinillo and
Serino [7] which also found that farmers who
own the farm are more likely happy or
satisfied as a farmer. This is for the reason
that the expense of rental fee for land is out of
the equation for their profit computation.

Secondly, if the farmer is knowledgeable or
educated they have a good attitude and
practices in production. In fact, educated
farmers are more capable of doing good farm
management which will lead to better farming
behavior which increases their profitability
[25]. Moreover, farmers' education is a big
help in understanding and finding the solution
to the different problems in production. It also
enhances their farm productivity by adopting
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the latest modern agricultural technologies
[22].

Extension agent as "organizer" of farming and
training activities has an impact on the
farmers' monthly income. This means that a
farmer who involves in the training gain
additional knowledge on how to improve his
farming skills. In addition, a farmer who is
guided and supervised by an extension agent
has an advantage because they are introduced
to new innovative technologies that help to
produce more rice yield. In fact, better
interaction with a farmer and extension agent
concerning with right information may help
small-scale farmers in the acquisition of
developing the living condition in farming
[18], [9]. In that case, acquiring new
knowledge in the farming system will enhance
their ability to adopt new technologies which
improve their rice production process as
opposed to traditional ones. Moreover,
organizing a farmers association will lead to a
discussion of addressing the needs of farmers
and problems encountered in farming. On the
face of it, an extension agent can give a piece
of advice and suggest a policy so that the
government will support the farmers’ concerns
[16], [31].

On the contrary, the result of the model
revealed that the extension agent as a
facilitator has negatively impacted the rice
farmers' income. This implies that the
extension agent has not properly facilitated
the farmer to their main goal which is
economic profitability. This result is not
consistent with the existing studies in the
literature that extension agent is a great help
to marginal farmers in rural areas [18], [19],
[12], [9]. It is worth noting that an extension
agent as a facilitator is one who educates and
facilitates a group of farmers to work toward a
common goal or objectives. Extension agent
has the target of imparting to marginal
farmers the quality of skill competence, and
teamwork and facilitating them to increase
productivity despite problems in agriculture.
Likewise, an extension agent has the desire
that a farmer must have a better understanding
of climate science and its nature in
agricultural management and practices [29].
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CONCLUSIONS

Results revealed that the farmers' monthly
income is below the poverty threshold in the
country. This indicates that rice farmers in
Albuera, Leyte must be guided and assisted by
the Philippine government to somehow
progress their economic income and well-
being. On average, rice farmers’ perception
score towards extension agents can be
interpreted as  “undecided” concerning
satisfaction. This can be concluded that they
are not satisfied with the function of extension
agents as an aid in increasing their
productivity in rice farming. Conclusively, the
government must support the farmers
concerning their agricultural needs like
machinery and equipment for farming. This
can help farmers lessen their expenses from
rice  field cultivation to harvesting.
Additionally, the agricultural sector and local
government unit must support the farmers by
providing them with a trained extension agent
(well-educated) that will educate the farmers
in adopting new technologies and innovations.
These extension agents will organize farmers'
associations that will conduct meetings or
discussions regarding the farmers' constraints
in production and provide a solution to their
problems. The local government unit also
must build cooperatives with the help of
extension agents to address the farmers' needs
in agricultural expenses and savings. In this
regard, farmers may increase their
productivity as well as their monthly income.
The study suggests that a similar survey
should be conducted with a large sample in
other rural places of Leyte, Philippines to
enrich the findings of this current article.
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Abstract

Rural tourism provides an environment where rural people meet different cultures, prevents immigration to already
crowded city centers, becomes an element of rural development, creates income diversity and protects the
environment as well as natural, cultural and historical aspects of regions. The aim of this study is to examine effects
of COVID-19 pandemic on rural tourism-potential and rural planning using Cizre District, Turkey, which
incorporates distinct geographical, cultural and historical elements in a rural environment. Data were collected
using primary and secondary sources in the region. SWOT (Strengths, Weaknesses, Opportunities, and Threats)
analysis was used to analyze data which shows an increase in migration to rural causing environmental pollution.
Positive effects include increase in commerce and housing demand strengthening the economy following
normalization. Findings should help to review and improve sustainable planning and policy strategies supporting
new economical environment in rural. The development strategies need to focus on rural and urban being partners

rather than rivals.

Key words: rural, tourism, covid-19, development, sustainability

INTRODUCTION

Investigating  relationship  between  the
environment and cultural heritage in terms of
tourism has been increasingly attracting
researcher’s interests [34, 20, 21, 14]. At the
same time, tourists have been demanding
more sophisticated and economical options
from the tourism sector in general. As the
sector tries to become more competitive to
meet the demand, traditional 3S (sea, sand,
sun) concepts appear to be insufficient, and
efforts to develop new concepts are required.
This results in increasing efforts by the
tourism companies to meet demand, and new
tourism concepts such as rural tourism,
ecotourism, nature tourism, health tourism,
geotourism [15] and faith tourism have
already emerged [30]. These emerging
concepts  take  their  strength  from
incorporation of elements of a more peaceful,
calm and natural environment. Even with the
emerging versatile concepts, tourists seek
additional specific areas of enjoyment that
include local authenticity and genuine aspects
to complement their 3S visits. These specific

areas or components are expected to enrich
their visit and may include gastronomy,
folklore, and faith aspects that are unique and
different from those found in common
destinations. Such areas with genuine, unique,
authentic aspects became more important for
tourists and locals as well; because
economical activities around tourism help
locals to prosper, and interactions with people
of wvarious backgrounds enrich their
knowledge, appreciation, and acceptance of
cultures that are usually different than theirs.
These areas offering such opportunities are
generally located outside (but not necessarily
far from) areas of traditional 3S destinations,
mainly in rural areas, where out migration,
youth/women  unemployment, and sub-
standard infrastructures are generally main
concerns for local population [28, 31].
Although all types of tourism are supposed to
be sustainable, the 3S model has lost its
sustainability in the current situation. This
situation can make rural tourism more
popular. More recently, as a result of the
Covid-19 pandemic (SARS-CoV-2: violent
acute respiratory syndrome coronavirus-2)
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event which has emerged since December
2019 and currently continues affecting the
world’s population, tourists and general
public alike have started to be interested in
calmer natural places for their tourism
activities and divert their attention to places
away from regularly crowded places that pose
high risk from the virus. The size of
population affected from the pandemic keeps
accumulating. The total number of Covid
cases in the world is 526 million and the
number of deaths is 6.28 million in total, until
May 23, 2022 [37]. In those days the large
urban population feel helpless with so many
compulsory (and necessary) restrictions in
their lives. It can be anticipated that the
interest in local and rural places will grow
further due to recently emerging factors such
as the pandemic, environmental pollution and
the climate change. This change and
transformation can offer new opportunities in
the planning of rural areas.

Rural  tourism  contributes to  rural
development as well. It could generate a
significant source of income for those living
in small villages or settlements with very
small income, insufficient to sustain their
livelihood from agricultural activities. For
those people income would have been further
reduced as a result of the current pandemic.
The pandemic adversely affected many small-
scale fresh fruit and vegetable growers,
restaurants, and grocers. For example,
community markets were allowed to operate
within restricted hours and restriction were
put in place for people’s movement affecting
personnel operating these markets. The only
way of accessing fresh food during pandemic
is to provide conditions for the small
producers, and farmers in villages or cities, to
market their products in local markets at an
equitable price [26, 5].

The South Eastern Turkey is a mostly rural
region of Turkey that has unique characteristic
features. Its history goes back to 4000BC, it
has a site believed to be Noah’s Tomb, and it
has a deep and rich culture with traditional
and modern elements; including aspects of
gastronomy, languages, religion, and hand
crafts. The region also has been gaining more
attention with the discovery of nearby Gébekli
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Tepe [40]; but many unique localities, like the
Cizre District, in the neighbourhood of
Gobekli Tepe are yet to be discovered by the
general tourist population. The Cizre District
(Map 1) is a settlement with low socio-
economic characteristics, under-developed in
terms of infrastructure and industry, and has a
multicultural society. It comes forefront
within ~ South-Eastern  Turkey with its
authentic  culture, encompassing unique
elements such as geographical features (e.g.,
Tigris River and tributaries), history (sites
from pre-history to present), gastronomy
(various ethnic foods), folklore and faith (e.qg.,
cultural life affected from various religions).
Together, these and a 12-month favourable
climate (summers sunny and hot, winters mild
and rainy) should make the region a
favourable destination for rural tourism.

This study was aimed to explore various
characteristic of the Cizre district and assess
their pre-, current, and post-pandemic
potential for rural tourism and economy of
district. SWOT analysis technique is used in
the  assessment. SWOT  (Strengths,
Weaknesses, Opportunities, and Threats) is a
tool widely used by managers and experts in
strategic planning [46]. The study uses Cizre
as a case study with ideas and approaches
being applicable to many areas of the world in
local or a more regional scale.

Georgia

Armenia

Gobekli Tepe =
v Cizre

Turkey

Adana

Syria
Lebanon Baghdad

Map 1. Location-Cizre District, Turkey
Source: created by the author, 2021.

Rural Tourism and local development
within Pandemic

Rural Tourism

Rural tourism can be defined as visits to rural
areas where travellers can have authentic,
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unique experiences by interacting with local
people and their lifestyles [28, 30, 31]. It is a
type of tourism that is both intertwined with
rural areas and based on natural resources;
and can be easily integrated with other types
of tourism [43]. Visits to rural areas are for a
short time, and can be done at various times of
the year and generally in many seasons [8];
allowing rural tourism activities to be done
alone or as complementary or extension to the
3S (Sun Sea and Sand) type activities.
Generally, rural tourism is perceived as a form
of tourism that exhibits rural life, art, culture
and nature of rural areas [24]. It encompasses
all aspects of touristic activities taking place
outside the urban areas.

Participants in rural tourism are usually
middle-aged people, middle-income group of
highly educated and professionals. In
addition, due to the increasing prevalence of
various sporting activities in rural areas, it
also makes young people interested in rural
tourism even if not directly. There are even
pedagogical farms where only children are
accepted in some European countries [43].
Specifically rural tourism have the following
characteristics [43, 16, 12]:

e can be done in all seasons, perceived to be
healthy with fresh and clean environment

e is a balance element in the geographical
distribution of tourism

e can be integrated into many types of
tourism

e recreational activities in rural tourism are
very diverse and unique

e the tourist profile of rural tourism is
different

e contributes to the protection of the natural
environment and cultural heritage

e serves the concept of sustainable tourism

® is an important tool for the promotion of a
country

® is a type of tourism based on environment,
people and natural life

e authenticity stands out

e is integrated and developed with local
people

e preserves the diversity of agricultural and
animal products intertwined with village life

e cconomic, environmental, social and
cultural goals are pursued in rural tourism

e  envisages improving  employment
opportunities for the local population

Rural tourism is seen as an important factor in
diversifying the rural economy [31] creating a
new perspective for the people living in rural
areas, balancing the income level and
preventing migration in rural areas, protecting
nature and providing regional development.
Successful rural tourism practices allow local
people engaged in agriculture to earn
additional income, increase their wealth and
share their cultural wealth [3] and rural
tourism will only be able to meet expectations
and benefit the local population only if
properly integrated with the local economy
[11, 31] and reveals the spirit of unity and
entrepreneurship [32].

Despite the broad scope of rural tourism with
respect to touristic opportunities and practices,
it has long been recognised that the
fundamental attraction of the countryside as a
tourist destination lies in what is often
referred to as a sense of rurality [2, 13, 23, 27,
48, 29]. In other words, tourists are not only
influenced by rural areas’ physical
characteristics and their inner qualities such as
open-space, fresh air or peace and quiet; they
are also influenced by what the countryside
represents [29]. Rural areas are also seen as
alternative settlement areas and facilities; such
as entertainment facilities, leisure time
activity centers, or as second homes. These
developments are closely linked to
redefinition of the rural identity. They reflect
new traditions, new interpretations,
encouragement of social demands, and a
cultural interest in wider population to what is
rural and local [9].

COVID 19 and rural tourism

COVID 19 hit the urban centers the most as
compared to the rural areas; both because of
the size of population and the proximity of
population enabling the spread of the highly
infectious disease. The United Nations
Conference on Trade and Development
(UNCTAD) recently reported 130 million
people are being threatened with harsher
poverty due to COVID 19. The study
indicated that the pandemic hits poor the
most. Among those groups being severely
affected are migrants, women, or small
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establishments  employing  disadvantages
people such as low income family members,
and traditional tourism in general [44, 42].
The rural regions, specifically regions with
harsh climate and rugged geography, are very
vulnerable to many risks as well. A study by
Ali et.al. (2020) [1] undertaken in rural and
mountainous region of Pakistan showed that
78% of participants are in financial
uncertainty, 64% experienced income
reduction, 6% lost their jobs, and 25% of
participants are afraid of losing their jobs. The
researchers conclude that rural population
engaged in rural tourism and agriculture have
been adversely affected and their income
reduced as a result of pandemic coupled with
the change in climate [1]. However, relatively
larger open space and scarce population in
rural still allowed many recreational facilities
and less chance of coming into contact a virus
carrier especially if done in small groups.
Rural houses, tents and caravans, rural motels,
rural pensions and rented rooms, relatives and
acquaintances, being the normal forms of
accommodation for rural tourism participants,
helped to decrease the contacts when
compared to urban facilities. According to a
survey conducted in Czechia by the Institute
for Politics and Society in June 2020 [47],
people want more rural activities (more
second housing, cycling, hiking, natural
monument  visits, water sports  and
camping).All these elements indicate the rural
tourism to be a more important income
generating activity during (and after) the
pandemic for the development of the rural
areas and their natural habitats. It is stated in
many studies that rural tourism attracts more
attention after the pandemic [33, 38, 39]
Development policies

The conditions created with the current
pandemic, explained in the previous sections
call for a review of development policies with
a view that integrates urban and rural jointly
as a sustainable system. In connection with
globalization, the pandemic created a general
anti-urban feeling among the general
population. It caused an increase in the
existing polarization between pure and clean
rural areas against dirty, dangerous, and
crowded cities [10].An integrated system
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should show a clear interdependency of the
regions and alleviate the negative sentiments.
Thus, the development strategies need to
focus on rural and urban being partners rather
than rivals.

Development policies must be sustainability
based and intend to increase economic activity
of the region to increase employment,
decrease poverty, rehabilitate the environment
and improve the overall health of the
population. The policies should be developed
such that they can be implemented at suitable
cost, help to increase income, and can be
implemented rapidly and effectively [7].

The development policies should also
consider that there could be certain negative
effects; which may include environmental
pollution and destruction of nature, increase in
socio-cultural pressures, the formation of
accommodation problems, foreign investors
‘taking over’ the region, excessive visitor
traffic, excessive vehicle and traffic density,
garbage, waste, and environmental pollution
[18]. In order to minimize the negative
impacts that may occur with rural tourism, it
is of utmost importance that rural tourism
activities are organized in a way that does not
harm the environment and rural life.

In this respect, rural tourism can be a tool for
the development of rural areas and for raising
the economic level of the region. In this study,
it is aimed to investigate the Cizre district of
Turkey's relatively undeveloped Southeast
Region for its potential of rural tourism.

MATERIALS AND METHODS

The study area of Cizre District is located in
the South-Eastern region of Turkey. Data
were collected using primary and secondary
sources in the region. The geographical,

environmental, cultural, agricultural and
economical, gastronomy, historical and
religious aspects of the district were

considered in the investigation.

SWOT analysis was used to reveal the rural
tourism potential of Cizre district and to in
versatile evaluate its contribution to the
development of the region.
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RESULTS AND DISCUSSIONS
Characteristics of the Cizre district
contributing to its tourism potential
Geography

Cizre is located in the historically fertile
South-Eastern ~ Turkey  with  various
geographical features that can attract tourists
of all interest groups. The presence of the
Gobekli Tepe archaeological site, recognized
as the world’s oldest temple and included the
World Heritage List, adds to all. Discovered
only recently it is an eye-opener for many
reasons; specifically for its 12,000 years
history, thus its importance in human history
and development [40].1ts importance for Cizre
is that this popular tourist destination is only
323 km away from the Cizre District and
Cizre is one of the beneficiary of extended
visits to Gobekli Tepe, thus additional
opportunity for Cizre to promote more local
features of her own. Specific geographical
features of Cizre includes unique nature and
river  landscapes, streams,  mountains,
historical and cultural values within the rural
areas that have important resources for
tourism. Hunting is possible, wildlife of the
mountainous areas is rich with species such as
partridge, rabbit and quail. The local cuisine
and local handicrafts of Cizre district are rich
enough to add the strength to the
implementation of rural tourism. Also the
villages of the district provide agricultural
products and Tigris River and its tributaries
allows rafting and nature walks along its
shores.

Culture

Heritage, whether it be an object, monument,
inherited skill or symbolic representation,
must be considered as an identity marker and
distinguishing feature of a social group.
Heritage is often a subjective element because
it is directly related to a collective social
memory, “a combination of recollections
recognized by a given group” [6].

Cultural and social identity of a given
community is preserved in collective social
memory through more or less ritualized
circumstances. The common heritage appears
as a ritual code. It is recognized as a unifying
sign or remembered as a common setting in a

designated area. Tourism permits participation
in consumption and celebration of a series of
local rites, including numerous events set up
to show off heritage riches, allowing the
tourist social and cultural integration in the
local group by absorbing and reproducing
cultural codes [9].

People have always known how to make up
technical, socio-economic and symbolic
solutions using heritage components. Heritage
is therefore no longer considered solely as a
link between past and present, but also as a
reservoir of meaning necessary to understand
the world: a resource in order to elaborate
alterity. Dressing based on culture specific
dressing is a component of cultural heritage.
Clothing & Ornaments in the Cizre District:
Local clothing is called "salsapik". In the past,
fermani was worn. The old men wore baggy
jackets, vests and helmets. Suits became more
of the trend only after 1970s. Therefore it is
still highly likely to observe people with
colorful traditional clothing and ornaments
while relaxing in common grounds of the
general Cizre district. Literature/legend Memu
Zin: Memu Zin is a poetic love story between
Mem and Zin which is a legend in the region.
There is also a book written by Kurdish writer
Ahmed-i Hani in 1692 that is considered to be
epopee of Kurdish literature. The book has
been translated to many languages including
Turkish, Farsi, Arabic, French, and Russian.
Today, the presumed resting place of the
Memu Zin is visited by locals and tourists
alike. The story has become an oral legend as
well; with even non-educated ones in the
region recite it from memory [41].
Agriculture and Economy

Agriculture forms the basis of rural life to
sustain. However unfavourable climate and
poor soil conditions, specifically in rough
geographical areas, may restrict the extent of
the agriculture. In those conditions any rural
tourism income may be the savour for local
inhabitants. More favourable areas can offer
additional organic and local varieties that can
attract visitors’ attention. In the Cizre District
high temperatures and poor soil conditions are
disadvantages for extensive traditional
farming. Certain endemic flower varieties
allow specially-flavoured honey production.
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Trade and service sectors take the first place
in business and working life in the Cizre
district. This is followed by agriculture and
animal husbandry sector [19]. The presence of
rich lignite and asphalted deposits and the
high potential of using solar energy is helpful
for organic production. The low labor costs
and favourable climate makes most of the
district's agricultural areas suitable for
greenhouse type cultivation [35]. Rural areas
have various endemic plant species. There is
little use of pesticides and synthetic fertilizers
in the district. Many traditional handcrafts,
such as Tinsmithing are well practiced in the
Cizre district.

Gastronomy

Gastronomy is an essential component of
enjoyment for the travellers. Eating during
holidays is a fun activity and a fundamental
part of rural tourism. Because it is culturally
related, both the food and the act of preparing
the food during rural tourism can be
associated with a special social status and a
special cultural system. Eating habits form the
basis of a collective identity and therefore
indicate the diversity [9].

Awareness about food is changing as well.
The popularity of food with a country touch
and natural products has been increasing.
Black bread or bread baked in brick ovens,
fresh farm products are cooked and prepared
right at the farm buffets and meats are from
the village animals at a reasonable price are a
few examples that are usually found in high-
priced  restaurants if in  non-rural
environments. At one side, the mistrust in
industrial food products is growing due to real
and/or imagined side effects of chemicals and
colouring additives. On the other side,
marketing professionals sometimes use terms
generously which makes the consumers to
believe that they are getting fresh farm
products, which in fact are mass produced in
industrial facilities [9].

Visitor are usually curious about local food.
Cizre has its own special tastes that are
displayed in various dishes. Cizre food culture
is among the richest in the region with its
roots dating back to Babylonian and Gudi
Empires. According to Adullah Yasin’s book
called “Botan Food Culture”, there are 357
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food and beverage types including 17 unique
and famous dishes, 48 meat/breads, 112
vegetable dishes, 29 soups, 47 desserts, 48
pies, wraps and breakfast, 16 salads and
garnish, 12 pickles, 28 bread types unique to
Cizre District. A typical “Cizre Menu” may
include one or more of the following genuine
Cizre dishes: Kulice, Katkidifsi, Fireydin,
Mahmulatik, Sorbidev, Kutlik,
Mumbardolmasi, Perdepilav, Sipsipe, Meyre
(Mehir), and Brinzer.

History

Cizre has many historical sites, passed on
from different centuries of her past that worth
visiting. One of the most outstanding and
visible of these is the ship-shaped, 360-
roomcitadel with walls wrapping the city.
Other historical sites include Birca Belek built
attached to the citadel in 1596 on shores of the
Tigres River, various Medreses (old high
school/university) dating 15 century, and a
military compound from late Ottoman Era
[41].

There are also older sites dating back to
4000BC. Among them: The Finik Site which
has a palace, dungeon, cistern, carved rock
reliefs, and many settlement areas and many
cave houses; Kasrik Site on 6km north of
Cizre; Sah Site on northwest of Cizre in the
Caglayan Village that has scattered historical
localities of Diise, Ceko, Hirabe, Kayser, and
Hird castle; Babil Site on South-West of
Cizre in the Kebele Village where a statue
belonging to Assyrian Kings was found in
1992 and currently on display in Ankara
Anatolian Civilization Museum; and Bazebde
Site on 2km east of Cizre on shores of the
Tigris River with ruins of a settlement and a
bridge from early historical era [41].
Religious sites

Cizre has many mosques, churches, and other
religious sites and structures dating back
many centuries. One of them, the Cizre Ulu
Cami dating back to the seventh century AD
has a peculiar iron gate with silver motifs and
copper figures. One such figure, known as the
Dragons of Cizre is an outstanding art work
that has international reputation. The Dragons
of Cizre were rebuilt by Al-Cezeri in XII.
Century using scraping technique. They were
made of bronze as knockers of the inner door
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of the Great Mosque of Cizre. Two sphinx
dragons, winged creatures have almond-
shaped eyes, pointed ears, and displayed to
bite each other's wings. Two dragoons are to
represent two rivers in the Cizre area: One to
represent Tigris River and the other the
Euphrates River; with the lion's head in the
middle to represent the people of Cizre, and
eagles in the lower section to symbolize the
military power. One of these door knocker
from the gate of the Great Mosque of Cizre
was smuggled to Denmark in 1969 while the
other is on display at the Istanbul Turkish
Islamic Works Museum [17].
Other outstanding religious sites include a site
believed to be Noah’s resting place (Noah’s
Mosque), Mecdiyye, Mushafires, Mir Abdal
(1437), S. Said and Meydan Mosques.

The Noah’s Mosque containing Prophet
Noah’s tumb, named after Noah’s of the great
flood times, is located at the top of the
Dagkapi neighbourhood, at a point where the
Tigris River’s floods could hardly reach. The

tomb is on the lower basement. It was restored
by the Noah Nebih Mosque Building and
Living Society (NNMBL) and Sirnak
Governorship [41].

SWOT analysis

One of the most effective way of presenting
the current status and objectives of a sector,
an activity, or an enterprise is to perform
SWOT analysis by persons who are
knowledgeable about it [4]. SWOT Analysis
is a method used to identify the strengths and
weaknesses of an industry, an activity and an
enterprise and to identify the opportunity-
threats arising from the external environment.
Therefore, it is necessary to reveal the
strengths, weaknesses, opportunities and
threats in terms of rural tourism and to make
plans and programs accordingly [36].

The following isa SWOT analysis of rural
tourism potential of Cizre District in terms of
its strengths, weaknesses, opportunities and
threats presented in Tables 1 to 4 respectively.
Strengths are presented in Table 1.

Table 1. The identified strengths of Cizre in terms of rural tourism

Items/Characteristics

Pre-Covid19
(Base case)

Post-Covid19
(Potential condition once Covid19 is

over)
Auvailability of an unspoiled nature, clean environment, perceived healthy living and
long life expectancy v v
Hospitality of the people v Hesitancy in face to face

communication due to the Pandemic
experiences

Richness of local food variety, the presence of crafts and traditional motifs (birth, | v v

death, wedding costumes) and the importance practiced customs and traditions

Easy access to the Tigris banks, fishing in the Tigris river Tigris River being suitable | v/ v

for water sports

Auvailability of river transportation between Iraq and Anatolia v Increases in the post-pandemic
period

Providing land transportation link to Sirnak, Hakkari and Siirt provinces v Increases in the post-pandemic
period

Favourable climate to rural tourism throughout the year; tourism can be done 12 | v v

months a year in terms of climate

Having a rich food culture; the richness of local food variety, the continuity of local | v v

clothing, the presence of crafts and traditional motifs (birth, death, wedding, etc.) and

special customs and traditions

Organizing various festivals, and shows and increasing the number of activities v Weakens for some time after the
Pandemic

Being close to a natural area which has important attraction for endemic species v Getting stronger due to pandemic

Having a lively commercial life and being located centrally in the region, closer to the | v Increased commercial life, increased

city center than other districts housing demand, increasing prices

Opportunity to settle in rural, low-cost housing v Increasing potential

Providing opportunities for many ecotourism and/or rural tourism activities due to the | v/ Increasing potential

moderate nature of its people

Being located very close to Kasrik Pass and Habur border crossing v Increased due to  incoming
population

Having mountains (Gabar and Cudi) suitable for hunting, trekking and other sports v Increased due to  incoming
population

Employment v Increased due to increased activities

and economy

Source: created by the author, 2021.
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Weaknesses are shown in Table 2.

Table 2. The weaknesses of Cizre in terms of rural tourism

Items/Characteristics

Post-Covid19
(Potential condition once Covid19 is over)

Pre-
Covid19
(Base case)

Inadequate marketing of Cizre in terms of culture and tourism

Potentially strengthens as in-coming migration

v increases.

Lack of knowledge about the importance of preserving the historical
and natural beauties among the local people and the lack of
awareness of rural tourism

v Potentially strengthens
as the locals see economic benefit for themselves and
interest increases

Indifference of local governments to benefits of tourism v Potential cooperation with the experience of the
pandemic

Inadequate shopping centers and entertainment venues in the district v Potentially improvement

Lack of entrepreneurial culture in terms of rural tourism v Potential improvement

Insufficient touristic tours and promotion in terms of rural tourism v Potential improvement

Lack of rural planning and financial problems v

Lack of promotion of the Tigris River for tourism v Potential improvement

Source: created by the author, 2021

Opportunities are presented in Table 3.

Table 3. The opportunities of Cizre in terms of rural tourism

Items/Characteristics Pre- Post-Covid19
Covid19 (Potential condition once Covid19 is over)
(Base case)
A Vocational School located in Cizre district of Sirnak University v Increasing enrolment, increase of young and active
population.
Increasing migration to the district and increasing population v Further  strengthened.  (increased  population;
especially with the return of old residents)
Increased housing v Strengthened.
Presence of an airport in the district v Further strengthened. Potential increase of air
travellers
Support by the Dicle Development Agency v Further strengthened
City hospital to be built in the district - v
Having rich lignite and asphalt deposits and the possibility of | v Increases
utilizing solar energy
Favourable conditions for greenhouse cultivation in most of the | v/ Increases
district's agricultural areas
Establishment of Cizre Hydro Electric Dam and Power generator v Strengthens (More energy would be needed for new
activities)
Being suitable for cattle feed and cattle husbandry v Strengthens.  (Returning population engage in
agricultural)
Source: created by the author, 2021.
Threats are reflected in Table 4.
Table 4. The threats of Cizre in terms of rural tourism
Items/Characteristics Pre- Post-Covid19
Covid19 (Potential condition once Covid19 is over)
(Base case)
Cultural pressure - risk of corruption, contamination and erosion of | - Increases
regional cultural values
Terrorism incidents in the district, political and economic instability v Neutral or decreases
Limited job opportunities in the district and the decrease in the young | v Increases. High potential to be removed as a threat
population and becomes an opportunity.
Excessive visitor traffic v Increases
Damage to natural beauty due to intense interest - Increases
Pollution of Tigris River - Increases
Environmental pollution: Garbage, waste - Increases
Danger to wildlife: partridge, wild goat, etc. due to over-hunting and | - Neutral
danger of extinction

Source: created by the author, 2021

Covid-19 changed the global environment for
all sectors; including tourism. As pointed out
by Higgins-Desbiolles (2020) [25], the
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pandemic provides an opportunity to “rethink
and reorganise the tourism sector towards
sustainable development”. There are several
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factors to be considered in this desire to
reorganize such as the increase of crowds,
both in rural and around the neighbourhoods
in the urban centers that creates negative
emotional responses towards tourism, and that
proximity to crowded neighbourhoods
resulting an elevated stress levels [22]. This is
in agreement with the negative reaction
towards crowds in rural areas and shows itself
among weaknesses for rural area development
in this study. Thus, it will be prudent to state
that conditions created with the current
pandemic supports for a call for a review of
development policies with a view which
integrates urban and rural jointly as a
sustainable system. Rural tourism stands out
as an important component of this new
rethinking and reorganization. Rural tourism
provides an environment where rural people
meet different cultures, prevents immigration
to already crowded city centers, becomes an
element of rural development, creates income
diversity and protects the environment as well
as natural, cultural and historical aspects of
regions. The success of rural tourism in
fulfilling these elements would reflect directly
on countries abilities to reduce growing
financial burden on them caused by Covid-19
pandemic. The subject of this study, the Cizre
Disrict, has potentials in geographical,
cultural, agricultural, economical, historical
and religious dimensions that affect overall
outcome of touristic activities. Each of these
areas are being affected by the pandemic.
However, rural tourism offers an opportunity
for the development of the region. The region
is generally a poor rural area. Rural tourism
can be a source of income for the poor people
living in the region and negatively affected by
Covid. In a survey conducted by UNESCO it
was shown that the effects of the crisis on
World Heritage properties may continue in the
months to come. According to the survey,
“90% of countries with World Heritage
properties had closed or partially closed them
and respondents to this survey still reported an
average figure of 71% closure of sites in
February 2021 [45]. These findings also
reflect a situation where the tourism need to
rethink and reorganize and sites like Cizre
with its multi-faceted touristic opportunities

could gain importance in such a reorganized
touristic scheme. This study shows that
alongside with an increase in commerce and
housing demand strengthening the economy
following normalization, there could be
negative effects of incorporating rural tourism
in this system such as potential increase of
pollution extending to rural. More research is
needed to investigate integrated,
comprehensive and sustainable  tourism
incorporating rural and urban based tourism
with after-Covid data. Such investigations
need to put more emphasis on monitoring the
projected effects of events such as COVID-19
for a full-scale economic and social
assessment of tourism. The case studies such
as the one presented here provides valuable
data for various aspects of benchmarking and
monitoring. The situation may show
similarities for other developing countries.
Rural tourism in the Cizre region may show
some changes after Covid. More cautious
behaviours may occur in face-to-face relations
in tourism after the pandemic.

If people make a habit of keeping their
distance, it will damage the relations of
hospitality in tourism (Hospitality of the
people). Massive crowds and large-scale
festivals that bring more people together will
be less organized. Maybe this situation will
make it more common to organize festivals
with smaller communities. Escaping from the
city centers will also be able to carry
commercial relations to more rural areas.
Houses around the city, which are close to the
countryside, will be in greater demand.
Activities and sportive activities in the
countryside will be diversified. This interest
will enable rural people to recognize the
natural beauties of the region and rural
tourism  potential and increase local
entrepreneurship.  Young and  active
population will be able to stay in the
countryside instead of migrating to the city,
and reduce unemployment by turning to
economic entrepreneurship. On the other
hand, better food demand can be a new
application for the people of the region who
can develop organic agriculture. With rural
tourism, the service sector (restaurant,
accommodation, etc.) will be strengthened in
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the region. Besides all these, there may
undoubtedly be a terrorist risk and security
problem in the region. On the other hand, the
interest of people may lead to the pollution of
the region, and the culture may be eroded.

CONCLUSIONS

The Corona virus (COVID-19) pandemic and
global recession caused by the pandemic is
the most serious crises since the end of World
War 1l. Most of countries in the world had a
ready imported SARS-CoV-2 (violent acute
respiratory syndrome coronavirus-2) disease
and now trying to cope with its economic and
and societal effects. This study shows that
although the tourism activities and its overall
economy slowed during Covid 19 in general,
the rural tourism remains lesser affected or
potentially  beneficiary due to scarce
population and open natural space of rural.

A pre-pandemic threat for rural development
areas such as Cizre district was the limited job
opportunities in the district and the decrease
in the young population because of continues
migration to urban centres. This out migration
trend appears to reverse, thus becoming a
potential strength for such regions after
Pandemic. Similarly several aspects which
were weakness in the SWOT analyses prior to
pandemic shift to become opportunities due to
changes brought about by the pandemic.
These new conditions have potential to foster
economic development sought after in rural
areas. Sustainable rural tourism is also
important  for  sustainable  production,
sustainable consumption and sustainable
society. Sustainable rural tourism is very
important to protect and develop rural
settlements and thus strengthen their territorial
integrity. As in the example of Cizre, the
cultural, historical and natural wealth of the
region can be turned into an advantage for
rural development with rural tourism in the
development of poor regions with limited
income sources. The study also shows that
there can be an increase in migration to rural
causing environmental pollution. This sends a
signal to planners and policy makers to review
and improve sustainable planning and policy
strategies in a comprehensive way to support
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the new economical environment in rural. The
development strategies also need to focus on
rural and urban being partners rather than
rivals.

REFERENCES

[1]Ali, A., Ahmed, M., Hassan, N., 2020,
Socioeconomic impact of COVID-19 pandemic:
Evidence from rural mountain community in Pakistan,
J Public Affairs. 2020, e2355.
https://doi.org/10.1002/pa.2355

[2]Aitchison, C., MacLeod, N., Shaw, S., 2000, Leisure
and tourism landscapes: Social and cultural
geographies. London: Routledge.

[3]Akbulak, C. 2016. Ardahan Ilinde Kirsal Turizm
Potansiyelinin  Sayisallagtirllmig SWOT  Analiziile
Degerlendirilmesi” (Evaluation of Rural Tourism
Potential in Ardahan Province by SWOT Analysis).
HUMANITAS Uluslararast Sosyal Bilimler Dergisi

(HUMANITAS International Journal of Social
Sciences) 4(7), 1-30.

[4]Ak¢a, H., 2005. Burdurilinin Kirsal Turizm
Potansiyelive Degerlendirilmesi. 1. Burdur

Sempozyumu (Rural Tourism Potential and Evaluation
of Burdur Province. 1. Burdur Symposium) Bildiriler
(proceedings book) Vol. I, 16 - 19 Nov., Burdur, 515-
517.

[5]Altieri, M.A., Nicholls, C.1., 2020, Agroecology and
the reconstruction of a post-COVID-19 agriculture, The
Journal of Peasant Studies, 47(5), 881-898, DOI:
10.1080/03066150.2020.1782891

[6]Bacta Neves Flores, L.F. 1995. “Mémoires
migrantes. Migration et idéologie de la mémoire
sociale”, Ethnologie Frangaise 25 (Janviers-mars)
[7]Barbier, E. B., Burgess, J. C., 2020, Sustainability
and development after COVID-19, World Development
135 (2020) 105082.

[8]Barke, M., 2004, Rural Tourism in Spain,
International Journal of Tourism Research, 6(3), 137-
149,

[9]Bessicre, J., 1998, Local Development and Heritage:
Traditional Food and Cuisine as Tourist Attractions in
Rural Areas, Sociologia Ruralis Vol. 38(1), 21-34.
[10]Boterman, Willem R. 2020. “Urban-rural
polarisation in times of the corona outbreak? The early
demographic and geographic patterns of the Sars-Cov-2
epidemic in the Netherlands”, Tijdschriftvoor
Economische en Sociale Geografie - 2020,
DOI:10.1111/tesg.12437, Vol. 111(3), 513-529.
[11]Boyacioglu, E. Z., 2014, Women Entrepreneurship
in Rural Tourism: The Case of Edirne, International
Journal of Social and Sciences, 4(2), 82-90.
[12]Caldwell, W.J., Hilts, S., Wilton, B., 2017.
Farmland Preservation: Land for Future Generations,
Univ. of Manitoba Press, 22 Mar. 2017, 243 pages,
Canada.

[13]Cloke, P., 2006, Conceptualizing rurality. In P.
Cloke, T. Marsden, & P. Mooney (Eds.), Handbook of
rural studies (pp. 18-28). London: Sage.



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

Vol. 22, Issue 4, 2022
PRINT ISSN 2284-7995, E-ISSN 2285-3952

[14]Coratza, P., Gauci, R., Schembri, J., 2016,
Bridging Natural and Cultural Values of Sites with
Outstanding Scenery: Evidence from Gozo, Maltese
Islands, Geoheritage 8, 91-103.
https://doi.org/10.1007/s12371-015-0167-7

[15]Celik Ates, H., Ates Y., 2019, Geotourism and
Rural Tourism Synergy for Sustainable Development—
Margik Valley Case—Tunceli Turkey”, Geoheritage
11:207-215 https://doi.org/10.1007/s12371-018-0312-1
[16]Cutter, S.L., 2012, Social Vulnerability to
Environmental Hazards, London, Routledge, DOI:
https://doi.org/10.4324/9781849771542, 448 pages,
eBook.

[17]Cirak, B., Yoriik, A., 2015, Mekatronik Biliminin
Onciisii Ismail El — Cezeri (Ismail El - Cezeri, Pioneer
of Mechatronics Science). Siirt Universitesi Sosyal
Bilimler Enstitiisii Dergisi (Journal of Social Sciences
Institute of Siirt University) 4, 175-194, Siirt.
[18]Emekli, G., Siidas, I., Soykan, F., 2006, Gdg,
Kirsal Kalkinma-Kirsal Turizmve Tirkiye (Migration,
Rural Development-Rural Tourism and Turkey)
http://www.meteoroloji.gov.tr/2006/arastirma/files/Sera
Gazi Salim.pdf. 324-340, Accessed on 01.01.2016.
[19]Ertekin, M.Z., 2005, Cizre’deki Mimari Eserler
(Architectural Works in Cizre) Yiiziinci Yil
Universitesi, Sosyal Bilimler Enstitiisii, Yiiksek Lisans
Tezi (Yizinci Yil University, Institute of Social
Sciences, Master Thesis) , 140 p., Van.

[20]Franchi, R., Savelli, D., Colosi, F., Drapp, P.,
Gabrielli, R., Moretti, E., Peloso, D., 2009, Petra and
Beida (Jordan): two adjacent archaeological sites up to
an exploitation of geomorphology-related topics for a
cultural and touristic development. Mem Descr Carta
Geold’ It LXXXVII: 77-90.

[21]Gigli, G., Frodella, W., Mugnai, F., Tapete, D.,
Cigna, F., Fanti, R., Intrieri, E., Lombardi, L., 2012,
Instability mechanisms affecting cultural heritage sites
in the Maltese archipelago, Nat Hazards Earth Syst Sci
12:1883-1903.

[22]Gonzales-Reverte, F., 2021, The Perception of
Overtourism in  Urban Destinations. Empirical
Evidence based on Residents’ Emotional
Response, Tourism Planning & Development, and
Published online: 16 Sep 2021,
https://doi.org/10.1080/21568316.2021.1980094
[23]Halfacree, K.H., 1993, Locality and social
representation: Space, discourse and alternative
definitions of the rural, Journal of Rural Studies, 9(1),
23-37.

[24]Haider-Probstl, U., Melzer, V., Jiricka, A., 2014,
Rural  Tourism  Opportunities:  Strategies and
Requirements for Destination Leadership in Peripheral
Areas, Tourism Review, 69(3), 216-228.
[25]Higgins-Desbiolles, F., 2020, Socialising Tourism
for Social and Ecological Justice after COVID-
19, Tourism Geographies, 1-14.
https://doi.org/10.1080/14616688.2 020.1757748.
[26]Holden, P., 2020, The Coronavirus Pandemic and
Future Food Security. https://www.ehn.org/
coronavirus-food-security-

2645620103.html?rebelltitem=1#rebelltitem1,
Accessed on 20 November 2021

[27]Horton, J., 2008, Producing Postman Pat: The
popular cultural construction of idyllic rurality, Journal
of Rural Studies, 24(4), 389-398.

[28]Irshad, H., 2010, Rural tourism — an overview.
http://www1.agric.gov.ab.ca/$Department/deptdocs.nsf
/all/csi13476/$FILE/Rural-Tourism.pdf, Accessed on 8
September 2021

[29]Jepson, D., Sharpley, R., 2015, More than sense of
place? Exploring the emotional dimension of rural
tourism experiences, Journal of Sustainable Tourism,
23:8-9, 1157-1178, DOl:
10.1080/09669582.2014.953543

[30]Kesici, M., 2012, Kirsal Turizme Olan Talepte
Yoresel Yiyecekve Igecek Kiiltiiriiniin Rolii (The Role
of Local Food and Drink Culture in Demand for Rural
Tourism), KMU Sosyal ve Ekonomik Arastirmalar
Dergisi (KMU (Karamanoglu Mehmetbey University)
Journal of Social and Economic Research), 14, (23),
3337.

[31]Khartishvili, L., Muhar, A., Dax, T., 2019, Rural
tourism in Georgia in transition: challenges for regional
sustainability, Sustainability 11(2): 410.

[32]Kizilaslan, N., Unal, T., 2014, Tokat Ilinin
Ekoturizm/Kirsal Turizm Potansiyelive SWOT Analizi
(Ecotourism/Rural  Tourism Potential and SWOT
Analysis of Tokat Province), Gaziosmanpasa Bilimsel
Aragtirma Dergisi (Gaziosmanpasa Scientific Research
Journal), Issue: 9, 45-61.

[33]Linca, A.-C., Toma, E., 2021, Study regarding the
evolution of mountain tourism and rural mountain
tourism in the Romanian Carpathians during COVID-
19 pandemic, Scientific Papers Series Management,
Economic Engineering in Agriculture and Rural
Development, Vol.21(2), 357-363.

[34]Lollino, G., Audisio, C., 2006, UNESCO World
Heritage sites in Italy affected by geological problems,
specifically landslide and flood hazard. Landslides 3,
311-321.

[35]Ministry of Agriculture and Forestry, 2020,
https://www.tarimorman.gov.tr/SGB/TARYAT,
Accessed on 18 March 2020.

[36]0ngun, U., Govdere, B., Cicek, U., 2016,

Yesilova’nin Kirsal Turizm Potansiyelinin SWOT
Analizi ile Degerlendirilmesi (Evaluation of Rural
Tourism Potential of Yesilova by SWOT Analysis),
Siileyman Demirel University (SDU) SDU Visionary
Journal, 7(16), 75-88.

[37]10ur World in Data, 2022,
https://ourworldindata.org/explorers/coronavirus-data-
explorer, Accessed on 24 May2022.

[38]Popescu,  A.,  Plesoianu, D.-M., 2021,
Concentration of tourist arrivals in tourist and agri-
tourist guesthouses in the COVID-19 pandemic 2020
versus 2019 in Romania, Scientific Papers Series
Management, Economic Engineering in Agriculture
and Rural Development, VVol.21(4), 459-467.
[39]Popescu, A., Tindeche, C., Marcuta, A., Marcuta,
L., Hontus, A., Stanciu, M., 2022, Romania's tourism
offer and demand in the COVID-19 pandemic of 2020

167


https://doi.org/10.1007/s12371-015-0167-7
https://doi.org/10.4324/9781849771542
https://doi.org/10.1080/21568316.2021.1980094
http://www1.agric.gov.ab.ca/$Department/deptdocs.nsf/all/csi13476/$FILE/Rural-Tourism.pdf
http://www1.agric.gov.ab.ca/$Department/deptdocs.nsf/all/csi13476/$FILE/Rural-Tourism.pdf
https://www.tarimorman.gov.tr/SGB/TARYAT
https://ourworldindata.org/explorers/coronavirus-data-explorer
https://ourworldindata.org/explorers/coronavirus-data-explorer

Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development
Vol. 22, Issue 4, 2022
PRINT ISSN 2284-7995, E-ISSN 2285-3952

and 2021 compared to 2019. A statistical overview.
Scientific Papers Series Management, Economic
Engineering in Agriculture and Rural Development,
Vol.22 (2), 579-589.

[40]Schmidt, K., 2010, Gobekli Tepe — the Stone Age
Sanctuaries. New results of ongoing excavations with a
special focus on sculptures and high reliefs. Documenta
Praehistorica, 37, 239-256.
https://doi.org/10.4312/dp.37.21

[41]Sirnak Ministry of Culture and Tourism, 2020,
https://sirnak.ktb.gov.tr/TR-56452/giyim-
kusam.html https://sirnak.ktb.gov.tr/TR-56428/mem-
u-zin.html,https://sirnak.ktb.gov.tr/TR-56451/el-
sanatlari.html, Accessed on 20 November 2020.
[42]Smith, M. D., Wesselbaum, D., 2020, COVID-19,
Food Insecurity, and Migration, The Journal of
Nutrition, Issues and Opinions, First published online
August 25, 2020; doi:
https://doi.org/10.1093/jn/nxaa270. Pp.2855-2858
[43]Soykan, F., 2003, Kirsal Turizmve Tiirkiye
Turizmi I¢in Onemi” (Importance of Rural Tourism
and Tourism in Turkey), Ege Cografya Dergisi (Journal
of Aegean Geography), 12, 11.

[44]UNCTAD, 2021,
https://unctad.org/programme/covid-19-response,
Accessed on 20 February 2021.

[45]JUNESCO, 2021.
https://whc.unesco.org/en/news/2298, Accessed on 21
September 2021.

[46]Valentin, E.K., 2001, SWOT analysis from a
resource-based view. J Mark Theory Pract 9(2):54-69.

[47]Vaishar, A., Stastna, M., 2020, Impact of the
COVID-19 pandemic on rural tourism in Czechia
Preliminary considerations, Current Issues in Tourism,

[48]Woods, M., 2011, Rural. London: Routledge.

168


https://doi.org/10.4312/dp.37.21
https://sirnak.ktb.gov.tr/TR-56452/giyim-kusam.html
https://sirnak.ktb.gov.tr/TR-56452/giyim-kusam.html
https://sirnak.ktb.gov.tr/TR-56428/mem-u-zin.html
https://sirnak.ktb.gov.tr/TR-56428/mem-u-zin.html
https://sirnak.ktb.gov.tr/TR-56451/el-sanatlari.html
https://sirnak.ktb.gov.tr/TR-56451/el-sanatlari.html
https://doi.org/10.1093/jn/nxaa270
https://unctad.org/programme/covid-19-response
https://whc.unesco.org/en/news/2298

Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development
Vol. 22, Issue 4, 2022
PRINT ISSN 2284-7995, E-ISSN 2285-3952

RESEARCH ON THE EVOLUTION OF THE GLOBAL BEEF MARKET
IN THE PERIOD 2015-2020

Irina-Adriana CHIURCIU, Elena SOARE, Paula STOICEA, Carina-Andreea DOBRE,
Adina Magdalena IORGA, Aurelia-Vasilica BALAN

University of Agronomic Sciences and Veterinary Medicine of Bucharest, 59 Marasti Blvd,
District 1, Bucharest, Romania, Emails: soare.elena@managusamv.ro;
chiurciu.irina@managusamv.ro; stoicea.paula@managusamv.ro; dobre.carina@managusamv.ro;
iorga.adina@managusamv.ro; balan.aurelia@managusamv.ro

Corresponding author: soare.elena@managusamv.ro

Abstract

This research captures the changes that took place on the global beef market, for the period 2015-2020. The most
representative indicators presented and analyzed are: total cattle herds worldwide; beef and veal production
obtained worldwide; beef and veal consumption recorded worldwide; imports and exports recorded worldwide for
beef meat. Beef contains a series of proteins, minerals, vitamins, fats and amino acids that recommend it for
consumption, because it contributes to maintaining the population health. In 2020, Americas achieved 48.6% of the
production of meat of cattle with the bone, fresh or chilled. The most significant consumption per inhabitant of beef
and veal was highlighted in Argentina of 36.9 kilograms, in 2020. For the year 2029, the largest consumer of beef
and veal is expected to remain also Argentina, with only 36.0 kilograms/capita. The basis of this research was, on
the one hand, the statistical data taken from the FAOSTAT website, and on the other hand, the data retrieved from
various specialized materials and sites.

Key words: beef, cattle herds, beef and veal consumption, beef and veal imports and exports

INTRODUCTION

According to studies, beef is that type of red
meat recommended for consumption by
nutritionists, because it contains numerous
proteins, vitamins, minerals, amino acids, as
well as "healthy" fats. All the above-
mentioned elements have a key role in terms
of ensuring an optimal health status [8,
11,13]. Nowadays, worldwide, cattle are bred
for both meat and milk. Farmers all over the
world who have as their first objective the
raising of cattle for slaughter prefer meat  Photo 1. Cattle
breeds. These breeds have a great advantage, ~ >°Uro* [6]
namely, they show a high yield in terms of
growth. Another aspect that cannot be
neglected in relation to cattle from meat
breeds is represented by the lower care costs
compared to the costs for dairy cows [4]. In
addition to those mentioned above, it is
necessary to mention that animal husbandry
specialists have highlighted a very important
fact in terms of cattle for meat, namely, that
they have a very high capacity to convert
fodder into meat [1, 5].

MATERIALS AND METHODS

The paper presents the main trends for the
world beef market in the period 2015-2020. In
order to highlight the evolution of the beef
market in the world, several specific
indicators were presented and analyzed as
follows: cattle herds worldwide; beef and veal
production worldwide; beef consumption
worldwide; global imports and exports. In
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order to elaborate this study, a variety of
statistical data were used, which were taken
from the FAOSTAT website and from other
specialized sites. The main results of the
research were presented mainly graphically,
but also in a tabular form.

RESULTS AND DISCUSSIONS

Worldwide, in the period under review for the
beef market, a number of beneficial changes
were visible, which contributed to meeting
consumer demand to a greater extent. This
was possible, on the one hand, due to the
efforts of the actors involved in the production
and marketing of beef, and on the other hand,
due to the strategies and solutions identified
for this important sector of activity. The first
milestone from which it is necessary to carry
out the analysis of the beef market at a global
level is represented by the total bovine
population. From the statistical data presented
for the period 2015-2020, it is easy to notice
that the number of cattle worldwide was on an
upward trend (Fig. 1).
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Fig. 1. Cattle herds worldwide, for the period 2015-
2020 (heads)
Source: Own design based on FAOSTAT database [7].

The smallest bovine herd was registered in
2015 (1,451,963,866 heads), and the largest
had 1,525,939,479 heads (2020). From the
analysis of the cattle herd, it resulted that it
recorded an increase at global level by 5.09%
in 2020, compared to 2015.

Worldwide, in the period 2015-2020, the
production of meat of cattle with the bone,
fresh or chilled has evolved differently as
follows: in the period 2015-2019, it has been
on an upward trend. Starting with 2020, it
began to decrease compared to the previous
year (Fig. 2).
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Fig. 2. Production of cattle meat with the bone, fresh or
chilled, worldwide, in the period 2015-2020 (million
metric tons)

Source: Own processing of FAOSTAT data [7].

From the statistical data presented in Figure 2
it can be observed that the smallest production
of meat of cattle with the bone, fresh or
chilled worldwide, was obtained in 2015
(63.43 million metric tons), and the highest
was of 67.91 million metric tons (2020).
According to FAOSTAT data, in 2020, the
production of meat of cattle with the bone,
fresh or chilled worldwide, decreased by
32.527 tons compared to 2019. Also, in 2020,
the production increased by 4,448,744 tons,
compared to 2015 [7]. It is important to
specify that the production of beef in the
analyzed period suffered a series of
oscillations that were determined, mainly by:
the number of cattle for meat; meat
consumption recorded worldwide; the price of
feed, the price of labor force and prices for
beef on the international market [2].

At continental level, in 2020, America is the
largest producer of meat of cattle with the
bone, fresh or chilled, achieving 48.6% of the
production obtained worldwide. At the
opposite pole, the smallest production is
obtained by Oceania, with only 4.5% of the
world's beef and veal production. In 2020,
Oceania achieved only 9.3% of the meat of
cattle with the bone, fresh or chilled, obtained
by Americas (Table 1, Fig. 3).

Table 1. Production of meat of cattle with the bone,
fresh or chilled, at continental level, in 2020

Crt. Region Production in % of
no. absolute value | worldwide
(tons) production
1. Americas 33,005,224 48.6
2. Asia 15,310,274 22.6
3. Europe 10,515,871 15.5
4. Africa 5,965,965 8.8
5. Oceania 3,085,763 4.5
Source: [7].
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Fig. 3. Production share of meat of cattle with the
bone, fresh or chilled at continental level, in 2020
Source: Own design based on FAOSTAT database [7].

In 2020, according to the official data
published, on the first place in the worldwide
top of the largest producers of meat of cattle
with the bone, fresh or chilled, was the United
States of America with a production of 12.3
million metric tons (Fig. 4). The second place
is occupied by Brazil with 10.1 million metric
tons. It managed to produce 82.1% of the
meat of cattle with the bone, fresh or chilled,
obtained by the United States. Third place was
occupied by China with a production of 6.0
million metric tons.

Photo 2. Beef
Source: [10].

Argentina ranked 4th, and produced 51.6% of
China's obtained production. Australia ranked
5th among the largest producers of meat of
cattle with the bone, fresh or chilled, since
2020. It accounted for only 18.3% of the
production obtained by the United States. The
global consumption of beef and veal in the
period 2015-2020 recorded increases from
one year to the next. The lowest consumption
was recorded in 2015 (66,223 thousand tons),
and the highest was of 70,882 thousand tons
(2020). The consumption of beef and veal

increased worldwide in 2020, by 7.03%
compared to 2015 (Fig. 5).
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Fig. 4. Top 5 major producers of meat of cattle with the
bone, fresh or chilled, worldwide, in 2020 (million
metric tons)

Source: Own processing of FAOSTAT data [7].
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Fig. 5. Beef and veal consumption, for the period
2015-2020 (thousand tons)
Source: [9].
For the period 2023-2029, the total

consumption for the "Beef and Veal" category
at global level will be on a positive trend. It
will increase from 72,149 thousand tons
(2023) to 75,728 thousand tons (2029) (Fig.
6). The consumption of beef and veal in 2029
will increase by 4.96% compared to 2023.
The increase in consumption will be
influenced, on the one hand, by the population
growth, and on the other hand, by the
characteristics of this type of meat so
appreciated by consumers.
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Fig. 6. Forecasts regarding the consumption of beef and
veal, in the period 2023-2029 (thousand tons)
Source: [9].
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Regarding the consumption of beef and veal
per capita, worldwide, in 2015, according to
the official data published, it was of 6.3
kilograms/capita, and in 2020, it increased
insignificantly reaching 6.4 kilograms/capita
[9].

In 2020, the highest per capita consumption of
beef and veal was recorded in Argentina, with
36.9 kilograms (Fig.7). Argentina occupies
the first position in terms of beef and veal
consumption per capita, among the top 5
countries registered worldwide. The second
place in this ranking is occupied by the United
States with 26.2 kilograms/capita. Here, the
amount of beef and veal consumed per
inhabitant represents only 71.0% of the
consumption recorded in Argentina. The third
place is occupied by Brazil with a
consumption of 24.4 kilograms/capita (66.1%
of the per capita consumption of Argentina).

36.9
26.2
24.4 23.2
20.3
20
15
10
5
o

Fig. 7. Top 5 major consumers of beef and veal
recorded worldwide, in 2020 (kilograms/capita)
Source: Own graphics after the data taken from OECD

[9].

The 4th place is occupied by Israel, with 23.2
kilograms per capita. The 5th place in the
ranking mentioned above is occupied by
Chile, with 20.3 kilograms/capita (55.0% of
the consumption per capita highlighted in
Argentina).

For the year 2029, a world consumption of
beef and veal of 6.3 kilograms/capita is
expected. The estimated consumption for
2029 will be equivalent to the consumption in
2015, and will decrease by 1.6% compared to
2020 [9].

According to the forecasts for 2029, the
ranking of the first 5 major consumers of beef
and veal will consist of the following
countries: Argentina (36.0 kilograms/capita);
United States (26.0 kilograms/capita); Brazil
(24.4 kilograms/capita); Israel (25
kilograms/capita) and Chile (21.8

172

kilograms/capita) (Fig. 8). This ranking has
not changed compared to the ranking obtained
for 2020, in terms of the place occupied by the
top 5 countries that consume beef and veal.
Changes occurred in terms of beef and veal
consumption per inhabitant in the countries
mentioned above, in 2029, compared to 2020,
as follows:

-Argentina - beef and veal consumption per
capita will be reduced by 2.5%;

-United States - consumption will decrease
insignificantly, by only 0.2%;

-Brazil - consumption will remain constant;
-Israel - consumption will increase by 3.8%;
-Chile - consumption will increase by 7.3%.
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ARGENTINA  UNITES STATES BRAZIL ISRAEL CHILE
Fig. 8. Top 5 major consumers of beef and veal
recorded worldwide, in 2029 (kilograms/capita)
Source: Own graphic using the data from OECD [9].

In the period 2015-2020, global quantitative
imports for the "Beef" category recorded a
number of changes. The most significant
imports of beef worldwide were obtained in
2018 (2,910,517.00 tons), and the lowest were
of 1,882,174.26 tons (2019) (Fig. 9). From the
data presented, it is found that imports of beef
recorded  worldwide, increased  from
2,435,018.00 tons (2015) to 2,673,865.14 tons
(2020).
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Fig. 9. Quantitative imports of beef at global level, in
the period 2015-2020 (tons)

Source: Own graphics according to the data taken from
Faostat [7].
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In 2020, global beef imports decreased,
compared to 2018, when the peak was
reached, by 8.2%.

Worldwide, according to the data provided by
Faostat, in 2020, the most significant
importers for the category "Meat of cattle with
the bone, fresh, or chilled" were: China
(297,017 tons, respectively 11.1% of world
imports); The Netherlands (229,062 tons,
respectively 8.5% of world imports); Italy
(200,080 tons, respectively 7.4% of world
imports); Republic of Korea (155,081 tons,
respectively 5.7% of world imports) and The
United States of America (125,604 tons,
respectively 4.6 of world imports). In 2020,
the first 5 importers for the category "Meat of
cattle with the bone, fresh, or chilled"
presented above accounted for 37.3% of the
imports obtained worldwide (Fig. 10).
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Fig.10. The top 5 major importers registered worldwide
for the category "Meat of cattle with the bone, fresh, or
chilled" in 2020 (tons)

Source: Own graphics according to the data taken from
the Faostat [7].
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Fig.11.Quantitative  exports of beef produced
worldwide, in the period 2015-2020 (tons)

Source: Own graphics according to the data taken from
Faostat [7].

1,926,462

Worldwide, during the analyzed period, it was
found that global quantitative exports for the

"Beef" category have changed from one year
to another. The largest exports of beef
recorded worldwide were in 2015 (2,270,480
tons), and the lowest were of 1,913,392 tons
(2019) (Fig. 11). In 2020, world beef exports
decreased by 15.2% compared to 2015. This
situation was mainly due to the global health
crisis.

According to the data provided by Faostat, in
2020, the most significant exporters registered
worldwide for the category "Meat of cattle
with the bone, fresh, or chilled" were: Poland
(196,825 tons, respectively 10.2% of world
exports); The Netherlands (162,975 tons,
respectively 8.4% of world exports); France
(148,182 tons, respectively 7.6% of world
exports); Spain (143,253 tons, respectively
7.4% of world exports) and Germany
(136,524 tons, respectively 7.0% of world
exports) (Fig.12). At the level of 2020, the
first 5 major exporters for the category "Meat
of cattle with the bone, fresh, or chilled"
presented above recorded 40.6% of the
worldwide exports.

250000

200000 196,825.00

162,975.00

148,182.00
150000 143.253.00 136,524.00

100000
50000

0

Poland Netherlands France Spain Germany

Fig. 12. The top 5 major exporters registered
worldwide for the category "Meat of cattle with the
bone, fresh, or chilled" in 2020 (tons)

Source: Own graphics according to the data taken from
Faostat [7].

From the data presented it is easy to notice
that the first 5 major exporters are part of the
European Union. This fact proves that the
European Union is a significant producer of
beef and veal, with livestock of about 78
million cattle. It is necessary to remember an
important aspect, namely, that in the European
Union farmers are helped through income
support payments [12].

The value of imports for the "Beef" category
recorded  worldwide, increased  from
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8,962,804 thousand dollars (2015) to
9,372,034 thousand dollars (2020)
(FAOSTAT). Regarding the value of imports
for beef, they increased in 2020 by 4.5%,
compared to 2015.

Regarding the value of exports for the "Beef"
category, they decreased from 8,604,054
thousand dollars (2015) to 8,459,361 thousand
dollars (2020). The value of exports decreased
in 2020 by 1.7%, compared to 2015.
According to official data, the global beef
market is expected to grow from 414.98
billion dollars (2022) to 604.34 billion dollars
by 2029 [3].

CONCLUSIONS

Following the analysis of the main indicators
related to the beef market worldwide for the
period 2015-2020, the following results
emerged:

-In 2020, the most significant cattle herd was
registered, 1,525,939,479 heads;

-The highest production of meat of cattle with
the bone, fresh or chilled, obtained
worldwide, was registered in 2020 (67.91
million metric tons);

-Americas, in 2020, was the first ranked at the
continental level, in terms of meat of cattle
with the bone, fresh, obtaining 48.6% of the
total beef production;

-The largest producer of meat of cattle with
the bone, fresh or chilled, worldwide, was
represented by the United States of America
with 12.3 million metric tons (2020);

-The highest consumption of beef and veal in
the world was of 70.882 thousand tons
(2020);

-The highest consumption of beef and veal per
capita in the world was of 6.4 kilograms
(2020);

-Argentina in 2020 registered the highest
consumption of beef and veal per capita, of
36.9 kilograms;

-In 2018, the highest imports of beef were
recorded worldwide, of 2,910,517.00 tons;
-China, in 2020, was the largest importer of
cattle with the bone, fresh or chilled,
registered worldwide, with 297,017 tons;
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-In 2015, the most significant exports for the
"Beef" category of 2,270,480 tons were
highlighted worldwide;

-In 2020, Poland was the largest exporter for
the category "Meat of cattle with the bone,
fresh or chilled", with 196.825 tons;

-The value of imports for beef worldwide
increased by 4.5% in 2020, compared to 2015;
-Value exports for beef worldwide decreased
by 1.7% in 2020, compared to 2015.
According to official estimations, in the year
2029, the global beef market is expected to
grow to 604.34 billion dollars.
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Abstract

Phomopsis mali Roberts (Phomopsis fruit tree canker) is a fungus that infects the fruit tree trunks, branches and
sprigs. There were described more than 60 species of Phomopsis. Every of the species is identified in general after
the size of the conidia and after the host from which was isolated, the precise identification being sometimes
difficult. Phomopsis is a fungus that can produce serious damages in production because it affects the fruitful
sprigs. On the other hand, in case of massive attacks it can lead to the fruit trees decline. In the young orchards
cultivated in ecologic super-intensive system, the young trees can die in the case of severe infections. The purpose of
this research was to identify the Phomopsis fungus in an ecologic super-intensive apple orchard from Arad County
(western Romania), in the first two years after the plantation. The biological material used was consisting in six
samples sets (sprigs, stems, branches and roots) collected from four apple varieties (Primiera/Mg, Crimson
Crisp/My, Golden Orange/Mg and GoldRush/Mg). The identification of the disease and of the pathogen was done
using visual and laboratory methods. In laboratory was identified the fungus with the humid chamber method and
by placement of diseased tissue samples on culture medium followed by incubation at 23 - 24°C for seven days. The
branches, sprigs and stems were analysed at stereomicroscope too. Under the cracked bark were identified
numerous pycnidia of black colour and pear shaped, specific to the Phomopsis mali fungus. There were noticed
young and old fructifications, the old ones were from the previous year or even from the precedent years. The
obtained results after the visual analysis of the trees in the orchard and after the laboratory analyses highlighted the
presence of the fungus Phomopsis mali. There were highlighted at the microscope the alpha and beta conidia,
typical for this fungus. In the orchard all the trees were presenting symptoms specific to the Phomopsis fruit tree
canker. The trees covered with numerous canker lesions were died. At the assessment time the dead trees rate on
varieties was the following: Primiera — 16.5%, Crimson Crisp — 1.7%, Golden Orange — 16.1%, and Gold Rush —
17.2%. From all the analysed apple varieties only Crimson Crisp had reacted well to the attack of the Phomopsis
mali fungus.

Key words: Phomopsis mali, apple, varieties, pycnidia, Phomopsis fruit tree canker, ecologic orchard

INTRODUCTION Phomopsisperniciosa Grove. The fungus

Phomopsis mali is famed from taxonomic

Phomopsis fruit tree canker is produced by the
fungus Diaporthe perniciosa Marchal sin.
Diaporthe eres Nitschke (sexual life cycle),
with the conidian form or asexual life cycle
Phomopsis mali Roberge, sin.

point of view in the Kingdom Fungi, Phylum
Ascomycota, Class Sordariomycetes, Order
Diaporthales, Family Diaporthaceae, Genus
Phomopsis (Sacc.) Bubak 1905, Species
Phomopsis mali (Schultzer & Sacc.) Died.
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(syn. Phomopsis prunorum (Cooke) Grove
[10][18]. Even the scientific community
recommends the use of the name Diaporthe
for Phomopsis, in practice is used most often
the name Phomopsis because the anamorph
stage of the fungus is found more often in
nature instead the teleomorph one [23].
According with Shenoy et al. [27], the use of
two names for the same pathogen is useless
and can lead often to confusions. Thus, the
name of the anamorph stage is used in
practice very often for other pathogens too
[31].

Phomopsis fruit tree canker produced by the
fungus Phomopsis mali on apple tree is a
disease found more and more often in the
young orchards from western Romania
cultivated in ecological system. The
symptoms produced by the pathogen are
recognized relatively easily, but many times
they are confused with those produced by
Cytospora sp., Botryosphaeria sp. or even by
Erwinia amylovora [19][7].

In the case of apple trees, Phomopsis mali
attacks the sprigs, branches stems, and fruits
[15]. At the surface of the attacked organs can
be noticed a change of the bark colour
becoming reddish — orange or even blackish
in advanced phases of the pathogen evolution.
The first necroses appear in the area of the
vegetative buds, floral buds but also of the
petioles area. Together with these symptoms
can be observed the appearance of depressed
areas in the bark with an irregular shape that
often cracks (cankers). In massive attacks the
fungus passes from bark the wood entering in
the vascular tissues and the attacked organs
are fading first and later will have a burn
appearance [21][24][14]. The necrosed sprigs
and branches are visible from distance.
Exceptionally, in the very severe cases the
fungus can enter even in thick trunks and
branches. In the young trees Phomopsis mali
can enter very easily in the wood of the thin
stems, killing them [21][15][28][25]. When
are forming the fruiting bodies (pycnidia and
perithecia), at the surface of the bark appear
small swellings that are giving a rugous aspect
to the attacked organs [21][15].

The pycnidia and the perithecia are
developing in the infected tissues. The
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perithecia (teleomorph fruiting bodies) are
forming rarely in nature in comparison with
the pycnidia (anamorph fruiting body) that are
observed more frequently. Both fruiting
bodies types are important in the identification
of the species Phomopsis that has produced
the disease together with the host [31][1]. The
pycnidia have ostioles, are black, pear shaped
and are producing two types of conidia: alpha
(aseptate, spindle like, hyaline, guttulate or
not-guttulate) and beta (aseptate, filiform,
hyaline, not-guttulate) [8][29][20][6]. In
conditions of humidity the pycnidia are
releasing a mucilaginous mass white in colour
at the beginning, full of spores, that in contact
with the air is solidifying and can take
different shapes. In the presence of water, the
spores will produce new infections.

The perithecia can appear solitaire or in
groups and are sunken into the substrate. The
asci from the inside are unitunicate, clavate
and contain ascospores that can have different
shapes from spindle like, elliptic, linear,
cylindric or curved. The ascospores are
hyaline and septate [33][13][17][15].
Phomopsis fruit tree canker can evolve during
the entire year in favourable climatic
conditions, but especially during the summer
and autumn when can be registered maxim
attack intensities [21][15][32][26].

In general, all the species of Phomopsis are
producing infections in conditions of cool
weather (temperatures between 15 - 24 °C)
and rainy weather (rain helps the production
of the spores, dispersion and initiation of the
infection) [15][26]. Over the winter season the
pathogen survives in the infected organs,
mostly in branches and sprigs. There was
noticed that in the perennial herbaceous plants
the fungus can overwinter on senescent leaves
and fruit remains. According with Schilder
[26], often the pathogen can reach in orchard
with the planting material. The climate
conditions in continuous change, the
neglecting of the prevention methods (mostly
phytosanitary hygiene), are favouring the
infections with Phomopsis in the young apple
orchards cultivated in ecological system
(71121191

There is interesting the fact that numerous
Phomopsis species have potential in the
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control of the invasive weeds from
agricultural crops. The myco-herbicide effect
IS due to their hemi-biotrophic till to
necrotrophic living, their capacity to persist in
the environment and due to its extended
sporulation during the entire duration of a
year [16][3][22][4][30].

The control of the Phomopsis tree canker of
the apple tree is difficult when the pathogen is
already installed, mostly for the very young
trees in the second year of life. In such
situations the pathogen can enter in the stems
with small diameter. There is recommended
the harmonious jointing of the cultural
hygiene measures (destroying of the diseased
biological material) with the chemical
methods (use of fungicides). There are vital
the treatments applied in spring (at the
budding phenophase) and those applied in
autumn (October, after the fruit harvesting
and after the leaf fall [26]. For a good control
of the disease is necessary the early diagnosis
of the fungus. The right identification of the
Phomopsis species is based mainly on
morphological and cultural features and the
association with the host, but sometimes is
difficult to realise it. Why is necessary the
precise identification of the pathogen? For the
elimination of the confusions with other
pathogens and for the setting of the proper
control measures[5][24][11][12][31].

The branch canker produced by the fungus
Phomopsis sp. is more and more present in the
last years in the nurseries and orchards from
Romania. Very young orchards of one or two
years are diseased, some being even in the
very severe situation when nothing can be
done to save the plants, mostly where they are
cultivated sensitive varieties. The most severe
problems are in the ecologic orchards created
with diseased planting material.

The approached topic from this work is very
actual and is very interesting for the fruit
growers that are confronting more often in the
last years with this disease.

The main purpose of this study was the
correct identification of the pathogen from a
young apple orchard cultivated in super-
intensive ecologic system, from western
Romania. There were applied laboratory
analyses that were done on sections of

diseased tissue and their introduction in
humid chambers where the evolution of the
fungus was analysed.

MATERIALS AND METHODS

The biological material was sampled directly
from an apple orchard from Arad County in
April 2021 (Photo 1). The apple orchard is
cultivated in super-intensive ecologic system
(2000 trees/hectare) and it was planted during
the years 2019-2020. There were collected
samples from plants consisting in branches,
trunks, sprigs and roots (entire plants) from
every variety cultivated in the orchard,
respectively Primiera, Crimson Crisp, Gold
Orange and GoldRush. The samples were
brought in the laboratory where first were
analysed at  stereomicroscope. The
photographs were taken with a Nikon camera
with micro-objective. The frequency of the
dry trees due to the disease was set by their
counting ant reporting to the total number of
the analysed trees. In the same time there
were analysed and photographed the external
symptoms at every 20 trees from every
variety.

Frt o

Photo 1. Aspect frm the apple orchard during the
sample collection (in Arad County, Romania).
Source: Original photo by Cotuna O. (2021).

Parts of sprigs, branches and stems were
studied at the stereomicroscope for the
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observation of the specific fruiting bodies
(pycnidia).

The humid chamber method was used for the
stimulation of the pycnidia to release the
mucilaginous masses in which are forming the
conidia of the fungus Phomopsis mali. In this
way, there were cut segments of sprigs, stems
and branches with the length of about 10 cm.
They were washed with tap water and after
that were rinsed with distilled water. The
sterilization on surface of the plant segments
was done using sodium hypochlorite 3% (1
minute) and ethylic alcohol 96% (1 minute).
The rinsing was done with distilled water for
2 minutes. The segments prepared in this way
were placed in humid chambers and incubated
at 24 - 25 °C for several days. the humid
chambers were done in plastic dishes (20/10
cm) with sterile filter paper on which was
dropped sterile water. After two days the
pycnidia from the tissues from the humid
chambers were erupted and were released
mucilaginous masses specific to the analysed
pathogen. With the sterile needle were
extracted drops of mucilage that were
introduced in lactophenol blue and were
analysed at the microscope (Axion Zeiss).

In parallel from the infected tissues were
detached pycnidia that were placed directly in
lactophenol blue and left there for an hour.
Through this simple method there was
possible to analyse at the microscope in a
shorter time the alpha and beta conidia of the
pathogen.

RESULTS AND DISCUSSIONS

The partial identification of the pathogen
present in the apple orchard was done with the
occasion of a phytosanitary control. With this
occasion was noticed that the apple trees have
obvious signs of disease manifested on stems,
branches and sprigs. The symptoms aspect
was as rugous dry cankers on the bark surface.
Due to the obvious symptoms noticed on sight
the suspected pathogen was the fungus of
Phomopsis tree canker Diaporthe eres
Nitschke (sin. Diaporthe perniciosa Marchal,
teleomorf form) with the anamorph form
Phomopsis perniciosa Grove (sin. Phomopsis
mali Roberge).
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The trees from the orchard were presenting
symptoms specific to Phomopsis sp. in
different evolution stages. Also, at the spring
break many trees with symptoms of
Phomopsistree canker were died. The dead
trees were covered in totality by rugous
cankers, cracks, under those were hundreds of
black pycnidia that will spread the pathogen
on the new grown parts of the young trees. It
is well known that this pathogen produces
infections during the entire year, with a higher
intensity during the summer and autumn
months.After the evaluation proceeded in the
apple orchard, the rate of dead trees found
was the following: Primiera - 16.5%; Crimson
Crisp - 1.7%; Golden Orange - 16.1% and
GoldRush - 17.2% (Figure 1).

20

18 16.5 6.1
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* 8

“e
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Crimson Crisp

o N o

Primiera Golden Orange GoldRush

Variety

Fig. 1. Frequency of the dead apple trees due to the
pathogen Phomopsis mali in April 2021 (%)

Source: Original graph generated on the base of the
calculated experimental values.

There was noticed that in the variety Crimson
Crisp the frequency of the dead apple trees is
very low in comparison with the other apple
varieties cultivated in the orchard. In the other
varieties the frequency of the dead trees has
varied between 16.1 % and 17.2 %.

The visual analysis of the symptoms in the
samples of 20 trees from every variety was
highlights several types of symptoms: sunken
spots with dark colour in the bark tissue
(located in the dud area and the petiole scars);
open wounds with calluses on the edges
located at the joint of the branches, on trunk
and on the sprigs from the previous year with
canker aspect; dead branches (necrosed)
presenting ulcerations (the bark of the
branches has rugous aspect); bark with colour
changes (orange — brick red, black, grey);
deformation and swelling of the bark (initial
symptoms produced by the pathogen); in the
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areas with swollen bark, under the bark were
found dozens of fruiting bodies of the fungus;
old ulcerations, rugous, verrucous, black (at
their surface were placed the black coloured
fruiting bodies of the fungus); blacken xylem
tissue in section; cracks in the bark tissue
from the branches (in the cracks were small
black  bodies, respectively the fungal
pycnidia); great parts of ligneous tissue
browned in trunks and branches joints; the
sprigs with healthy appearance were having
browned areas under the bark that was
surrounding the buds; the cortical tissue of the
roots was rotten and was brown in colour in
transversal section; radicular system with
obvious diseased signs (browning); browning
of the central cylinder of the lateral root
system (Photo 2-8).

Al

Photo 2. Swollen bark, reddish and with young
fructifications specific to the fungus Phomopsis mali.
Source: Original photo by Cotuna O. (2021).

g

o~ P T '
Photo 3. Bark with rugous appearance
Source: Original photo by Cotuna O. (2021)

6 T
Photo 4 - 7. Reddish — orange bark, rugous, cracked,
xylem necrosis.
Source: Original photo by Cotuna O. (2021).

Photo 8. Necrosed wood of the apple tree stem.
Source: Original photo by Cotuna O. (2021).

At steremycroscope were analysed the
branches, sprigs and stems. There were
observed the open lesions, the cracks from the
bark and the swellings.

Under the cracked bark were present
numerous pyriform black pycnidia
characteristic to the fungus Phomopsis mali.
There were noticed young and old
fructifications, the old ones being produced in
the previous years (Photos 9 — 15).
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Photo 9. Agglomeration of pycnidia under bark Photo 15. Pycnidia in formation.
Source: Original photo by Cotuna O. (2021). Source: Original photo by Cotuna O. (2021).

Photo 16. Alpha and beta conidia at the microscope
ST (x40)
12 13 Source: Original photo by Cotuna O. (2021).
Photo 10 - 13. In the presence of humidity from the
pycnidia were expulsed white-cream mucilaginous
masses. In contact with the air takes different shapes
Source: Original photo by Cotuna O. (2021).

forat B, - Photo 17. Alpha conidia at the microscope (x40).
R ey N e | Source: Original photo by Cotuna O. (2021).
Photo 14. Young pycnidia.
Source: Original photo by Cotuna O. (2021).
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Photo 18. Beta and alph conidia at the microscope
(x40)
Source: Original photo by Cotuna O. (2021).

laboratory analyses is confirmed the diagnosis
of Phomopsis tree canker produced by the
fungus Phomopsis mali.The correct diagnosis
IS necessary to exclude other fungi that are
producing similar symptoms (Botryosphaeria
sp., Cytospora sp.).

We cannot know for sure if the Phomopsis
species identified in this research is certainly
Phomopsis mali. Thus, the external
symptoms, the  host, the  present
fructifications, the shape of the conidia, the
colour of the gelatinous masses that were
drained from the pycnidia are conducting us
to this species, although quite present in the
orchards from Romania.

The pathogen Phomopsissp. is a destructive
fungus, with potential in production of
important loses in the fruit yield (the spur
sprigs are killed by the disease). In the very
severe situations, with high attack intensities
the trees will be in decline. The most severely
affected can be the young ecological
plantations where the plantings will die. For
the Phomopsis sp. fungus the tree age doesn’t
matter. The pathogen can attack at any age of
the three. Sometimes it sets even in the young
trees from the nurseries.

CONCLUSIONS

After the proceeding of analyses from the
field and from the laboratory we can assume
that the pathogen identified in the apple tree
orchard from Arad County cultivated in

ecological system is a species of Phomopsis,
possibly Phomopsis mali.

The most attacked apple variety was
GoldRush, followed by Primiera and Golden
Orange. In these varieties the trees were died
in a rate between 16-17%. The young
ecological orchards are susceptible to the
attack of the destructive pathogens as is
Phomopsis sp. The control possibilities in
these orchards are practically inexistant,
because the application of the chemical
substances is forbidden and the biological
treatments doesn’t have curative effect.
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Abstract

The article reflects the problem of organic waste management and the composting methods used to improve the
ecological situation of the environment. Some methods of composting organic waste of various origins are
synthesized. Composting represents the process of decomposition and transformation of solid organic substances by
microorganisms (mainly bacteria and fungi) into a stable material, which can be used (depending on the
characteristics), in agriculture, instead of chemical fertilizers or in land improvement works (soil improvement).
Only some methods of composting are characterized: the traditional method, worm cultivation and the method of
effective microorganisms. All composting methods are welcome for agriculture because they solve complicated
environmental problems: complete processing of organic waste, obtaining organic fertilizers and ecological
agricultural production and improving the ecological situation.

Key words: composting, efficient microorganisms, organic waste, traditional composting, worm cultivation

INTRODUCTION

At the current stage, nature can no longer be
saved and protected only by mischievous
actions. The protection of the environment
involves all global, regional, national and
local actions aimed at preserving, rationally
using and reproducing the nature of the
Planet. Through cooperation, humanity adopts
political decisions, legal acts, develops new
technologies, performs  collective and
individual  actions in the field of
environmental protection. All these actions
were concentrated in a concept of sustainable
development, which is ecological in nature
and has beneficial consequences on the
improvement of the environmental situation.

Biodegradable rural waste differs from urban
waste in composition and quantity. The lack
of public sanitation services in the rural area
and the primary record of waste generation
makes it impossible to compile correct and
timely statistics of rural biodegradable waste

The livestock sector generates animal waste
and from birds, constituting a significant
amount of biodegradable waste. Animal
husbandry enterprises and large farms
breeding animals and birds, in the public and

private ownership of economic agents, as well
as the small ones within the peasant
households produce large amounts of waste
and manure that require specific systems for
their management, both at the local and
regional level.

Manure was, is and will always remain a
debatable topic. On the one hand, it is a waste
that animal breeders want to get rid of, on the
other hand, if it is not stored and used
domestically, according to the requirements, it
is a very dangerous factor of water pollution,
both surface and to those in the groundwater.
However, manure is an important resource for
farmers, constituting a material that makes a
particularly  important  contribution  to
restoring the humus layer, which chemical
fertilizers cannot do.

Animal husbandry in rural areas has generated
intensive pollution of the soil, underground
water, phreatic wells and surface water. The
collection and separate storage of waste from
the livestock sector remains one of the biggest
problems, considering that not all farmers are
aware of the need to separate it, especially
those who have not yet decided to safely store
all the residues produced by animals. Taking
into account the fact that in the zootechnical
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sector the share of livestock has moved from
the public to the private sector (85-97%) with
unfavorable consequences of environmental
pollution, it is recommended to all specialists
to pay major attention to the management of
animal manure. The amount of accumulated
animal manure varies depending on the
species of animals, their age, their number and
the duration of the maintenance period in the
stable [10].

The correct management of manure is done by
setting up storage systems that can be
individual (household), communal or a
combination of the two. Right from the design
stage of farms and the construction of manure
storage capacities, it is necessary to pay
special attention to the prevention of
pollution,  especially of water and
environmental protection

Where the organic waste management plan is
established in accordance with specific local
conditions (soil type, distance to water
sources, land slope, volume of precipitation,
farm system and duration of storage periods)
manure is managed correctly, without the risk
of to cause environmental pollution. Manure
must be kept in platforms, packed, covered
with a layer of soil 15-20 cm thickness. In
order to decompose, the garbage must have a
humidity of 70-75%, otherwise it will dry out
and mold. Before being covered with earth,
the garbage is watered with garbage must,
urine or even water to ensure the necessary
moisture, improve the composition and reduce
nitrogen losses [11].

MATERIALS AND METHODS

Material for the research served both literary
sources in which the ecological problems in
the livestock sector and phytotechnology
sector are exposed, as well as our own
research regarding the management of organic
waste and the methods of solving these
problems [2], [4], [5], [6]. As a result of the
analysis of the studied materials, observations
and own research, some methods of
composting organic waste from the
zootechnical sector were highlighted, in order
to make it possible to use it as organic
fertilizer in the phytotechnology sector.
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RESULTS AND DISCUSSIONS

Composting: definition and importance
Composting can be defined as a controlled
biological process of conversion and
valorization of residual organic materials
(biomass by-products, organic waste of
biological origin) in a stabilized, hygienic,
soil-like product, rich in humic compounds.
Composting (the act of fermenting various
organic residues in the presence of oxygen in
the air) is a millennial empirical practice in
agriculture and horticulture that has returned
to the fore with technologies for processing
and restoring what we now call biomass.

In the literary sources, data are presented
regarding the importance of organic material,
which is contained in biodegradable organic
waste.

Michel Musten mentions that in the search for
an autonomous and diversified agriculture, the
use of organic waste is welcome. The progress
of ecological ideas foresees a revival of
agriculture that requires the search, renewal or
discovery of methods of management and
improvement of organic products.
Traditionally used, various organic wastes
(agricultural, agrifood, industrial, household,
forestry, etc.) are no longer processed or
processed unsatisfactorily. The level of humus
in soils decreases, by increasing erosion and
drought. For the management of organic
waste in order to effectively combat pollution,
new technologies have been developed, the
so-called ecological technologies. Michel
Musten's research in the field of
biodegradable organic waste processing is
very useful for all farmers, gardeners,
horticulturists, government engineers and
technicians, organic agrifood producers,
amateur horticulturists, teachers and students
[13].

In the works of G. Gigliotti et al., [11] it is
mentioned that composting means recycling
the organic matter and regulating the natural

cycles that were interrupted by the
abandonment of traditional agricultural
practices.

At the same time, it is mentioned about
composting that: it is a technique of
stabilization and aerobic treatment of
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biodegradable organic waste; addresses all
organic waste, but especially solid and semi-
solid waste; is a way to destroy the seeds of
unwanted plants (weeds), and by means of
heat and different internal factors, pathogenic
germs and different parasites, carriers of
various diseases, can be destroyed; it is a
biological technique for recycling organic
matter which, along its evolution, leads to the
production of humus, a stability and fertility
factor for soils; it is the result of a very
complex microbiological activity, occurring
under specific conditions.

G. Gigliotti et al.,, mention that the
composting process helps to manage very
large amounts of organic waste in a
sustainable manner. Composting is one of the
technologies that make up integrated waste
management strategies, used to recycle
organic matter into a useful product [11].
Composting is a well-known system for the
rapid stabilization of organic matter. The
application of compost, obtained from a wide
variety of human activities, to arable soils is
in the attention of scientists worldwide with
the goal of increasing the content of organic
matter. Although the transformation of
organic matter during the composting process
has been widely studied, most reports have
focused on the humic fraction. The dissolved
organic matter compost is a mixture of
specific low molecular weight compounds
(amino acids and sugars) and chemically
heterogeneous  high  molecular  weight
polyelectrolytes  (enzymes,  amino-sugar
complexes, polyphenols and humic-like
substances).  Because most of the
biogeochemical transformations that are part
of the evolution of organic matter during
composting occur in solution, this being
dissolved represents the most active fraction
of compost, both biologically and chemically.
Therefore, dissolved organic matter is the
organic fraction most subjected to changes
and, as such, should directly reflect the
process of organic matter transformation. In
fact, the chemical transformations that occur
in the dissolved organic matter fraction of the
compost could provide important indications
regarding the evolution and stabilization of

the transformation process during composting,
as well as at the maturity of the final compost.
The involvement of dissolved organic matter
in chemical and biochemical processes of soil
after fertilizer incorporation has a direct
influence on soil organic matter composition
and plant physiological development. Even
though the amount of dissolved organic
matter in compost is small compared to that in
solid organic matter, it still plays a significant
role in microbial activity in the soil and in the
transport of nutrients, metals and hydrophobic
pollutants. Taking into account the important
role that dissolved organic matter plays both
in the composting process and in the
application stages, this research aims to
ascertain the assessment of compost stability
and its maturity with respect to biochemical
and microbiological transformations, which
occur in the soluble fraction from the material
initially to the final compost [13].

Compost is a product obtained through an
aerobic, thermophilic process of
decomposition and microbial synthesis of
organic substances from residual products,
which contains more than 25% relatively
stable humus formed predominantly of
microbial biomass and which is further
subjected to poor decomposition, being
sufficient stable so as not to reheat or cause
odor or insect breeding problems. The
compost resulting from organic waste is richer
in nutrients for plants than any artificial
fertilizer, being the best natural fertilizer and
is produced very easily. The vast majority of
organic waste can be submitted to the
composting process: vegetable remains (grass,
foliage, stems and roots), manure, etc.
Composting means all the microbial,
biochemical,  chemical and  physical
transformations that organic, vegetable and
animal wastes undergo, from their initial state

until  they reach different stages of
humification, the final product being known
as compost.

Compost is the best mulch and natural soil
amendment and it can be used instead of
mineral fertilizers. But the most important
thing is that it is a cheap product. The use of
compost leads to the improvement of soil
structure, improvement of excessive textures,
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improvement of aeration and increase of water
storage capacity, increases soil fertility and
stimulates the development of a healthy root
system of plants. The organic matter applied
through  compost  provides food for
microorganisms, which keep the soil in
healthy conditions.

Methods used for composting organic
waste

Various technologies (methods) are known for
composting organic waste, including manure.

Traditional composting

The method has been known since ancient
times by farmers who used manure to improve
soil fertility [15].

Various technologies can be used in the
traditional composting process:

- composting of manure with stratum in which
special plots are used for fermentation on
which piles of animal droppings are placed,
which are covered with soil. The amount of
soil should not exceed 15-20% of the weight
of the manure;

- composting manure without stratum with
alluvial soil. This technology initially
provides for the study of the alluvial soil, then
the land is chosen (located in a valley) with
dimensions of 10 mx100 m, where the
composting will take place;

- composting the solid fraction of manure
without stratum with plant and soil residues.
This compost can be obtained wherever plant
residues are found (old straw, fibrous fodder
residues). Initially, the land is prepared with
an area of 25-30 m?, which is leveled, plowed
to a depth of 23-30 cm and then processed
with discs. Plant remains are placed on this
territory (2% of the weight of the solid
fraction of the manure intended for
composting) which is compacted. The weight
of the soil used to cover the manure pile
should not exceed 15% of the weight of the
manure prepared for composting:

- composting the solid fraction of manure
without stratum with old manure, depends on
the shape and size of the pile prepared for
composting.  Composting  begins  with
throwing the old manure over the solid
fraction of the manure without litter, and then
the whole mass of manure prepared for
composting. In winter, the composting of
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these two components is carried out without
adding soil;

- the production of compost for protected
spaces (greenhouses) is carried out near the
farms on lands cultivated with perennial
grasses in their third year of cultivation, in
spring and summer using the mixture of liquid
manure, its solid fraction (30%) and alluvial
soil (70 %);

- the composting of bird droppings with
stratum is carried out similarly to the
composting of cattle manure, being covered
with a layer of soil.

Liquid poultry manure can be stored in
concrete tanks, or incorporated into the soil
with autumn plowing or during autumn
cultivation [15].

Thus, traditional composting can be used in
any type of household to transform animal
droppings into organic fertilizer.

Worm cultivation for the bioconversion of
organic waste

Another method used for the bioconversion of
organic waste and obtaining compost is
worm cultivation [1], [4], [5], [12]. This
method provides for the use as a bio-
transformer of organic waste and various
species of earthworms (Photos 1 and 2).

Photo 1. The local earthworms of garbage
Source: Own from the internet.

All types of manure, which have been
previously subjected to fermentation for
various periods of time, can be processed
using the technology of bioconversion of
organic waste through worm cultivation [8].
Worm cultivation opens new perspectives and
possibilities for the management of organic
waste from the zootechnical sector in order to
obtain valuable organic fertilizer, protein not
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only for fodder, but also for food, which can
become the basis for the production of
ecological products [9].

Eoa s, P ;
rid of California

Photo 2. Earthworm Red Hyb
Source: Own photo.

The complex of eco-biotechnologies that are
used to maintain the ecological situation of
the environment differ according to their
degree of effectiveness. They can also include
"living technologies”, which are used for the
purpose of bioconversion of organic waste
obtained in various branches of the national
economy.

The development of the technology of
bioconversion of organic waste through worm

cultivation  begins  directly  with  the
organization of households for worm
cultivation. When organizing  these

households, some conditions related to the
objectives and tasks that are placed before the
household must be taken into consideration. It
is necessary to determine which will be the
dominant directions:

1. Increase in the earthworm population.

2. Producing worm compost for marketing.

3. Producing worm compost for personal
needs.

4. The production of biological mass to be
used in the food ration of animals, fish, birds
and in other fields.

For the organization of households for worm
cultivation, it is necessary to determine the
place from where the organic waste will be
collected, which will be the transport routes
and the water sources used.

Worm cultivation technology can be practiced
indoors and outdoors. No special capital
investments are required for the development
of indoor worm cultivation technology, but

the remaining buildings on the territory of
farms and zootechnical complexes can be
used. In rooms, worm cultivation is carried
out on concrete surfaces where sections are
set up and on racks, using wooden or metal
crates. It is necessary to mention that the
practice of worm cultivation technology
indoors is more effective than outdoors,
because twice as much worm compost can be
obtained here. In the absence of rooms, the
organization of the household for worm
cultivation can be carried out according to the
scheme, which provides for its location in
open-air territories, where the worm culture is
placed in the substrate from ditches or piles
and the technological process takes place from
April to October (in the climatic conditions of
Republic of Moldova). This scheme is
accessible and its use allows the technique to
be widely used. On designing the household
for worm cultivation, it is necessary to take
into account its profile (obtaining of worm
compost or worm culture) [14]. Based on this,
calculations are made regarding the number of
sections and the area occupied by the
household for worm cultivation.

In the first year of work, regarding the
organization of the household for worm
cultivation, it is foreseen to accumulate the
necessary amount of earthworms. For this
purpose, from 4,000 to 20,000 earthworms are
placed in a section (2 m?), resulting in only
200-300 kg of worm compost [4], [5].

The work on the complete cycle in the
technology of worm cultivation starts from
the second vyear, if in the previous year the
required amount of earthworms was obtained.
During this period, the livestock farm
switches to the complete worm composting
regime, when 30,000 to 10,0000 earthworms
must be placed in each section. As a result of
the processing of organic waste from a
section, 1,000-1,200 kg of worm compost are
obtained. The territory intended for the
household for worm cultivation is divided into
four production sectors. The first sector (for
fermentation) is used for organic waste
storage, fermentation and compost
preparation. The sector is located on a
previously prepared surface, where the basic
technological process takes place in piles,
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after the compost is transported to the second
production sector (for worm composting).
Here, under the influence of worm culture, the
compost is processed and transformed into
raw worm compost. The raw worm compost
is transported to the third production sector,
where the preparation of the worm compost
takes place (dislodging and drying). From
here, the worm compost is transported to the
fourth production sector (finished production
sector), where the quality of the fertilizer is
determined. In this sector the worm compost
is screened, sorted into different fractions,
packaged, stored and prepared for sale or
incorporation into the soil. The nutrient
substrate has a double importance for worm
culture, serving as a means of food and
livelihood, thanks to which the optimal level
of life of earthworms is ensured and
maintained. Of particular importance for
earthworms is the structure of the nutrient
substrate and its chemical composition. The
substrate must be homogeneous, loose and
moist.

Worm cultivation presents a set of activities
(stages), the correctness of which ensures the
success of the entire technological process.
The main stages of the bioconversion
technology of organic waste through worm
cultivation are: the selection and preparation
of the land in order to organize the sectors and
sections for worm cultivation; preparation of
the nutrient substrate; placing the worm
culture in the nutrient substrate; selection
(separation) of earthworms from the nutrient
substrate and their preservation.

In households for worm cultivation, sectors
with a width of one meter and a length of 50
m are recommended, practicing sector-pairs.
The distance between 2 sectors can be 1 m,
and between pairs - 4.0 m - 4.5 m. Each sector
is divided into sections with dimensions of 1.0
m %X 2.0 m. If trenches are used for worm
cultivation, then their depth must be 0.5 m -
0.6 m, and if the sectors are practiced in the
form of piles, their thickness must not exceed
0.4 m - 0.6 m. In practice, changes can be
made in the structure of sectors for worm
cultivation (Photo 3).
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Photo 3. Modified sectors for or culture
Source: Own photo.

In peasant households, where the amount of
manure is not sufficient for the formation of
sectors, for the purpose of efficient use of
worm culture, earthworms can be placed in
pits with dimensions of 1.0 m x 2.0 m, with a
depth of 0.5-0.6 m or piles formed from
organic waste of various origins. The bottom
of the pit or the land for worm cultivation
must be well tamped. The walls of the pit
must be covered with planks or other material,
to prevent earthworms from leaving the
substrate. Heaps of organic wastes are placed
on compacted lands. The technology of
bioconversion of organic waste through worm
cultivation solves the following problems in
the sustainable development of agriculture:
complete processing of organic waste;
revitalization and improvement of soils;
obtaining the ecological organic fertilizer with
long action; increasing the yield and
production of agricultural crops; protection of
plants  from  diseases;  environmental
protection. The technology of bioconversion
of organic waste through worm cultivation is
proposed to each agricultural unit, land
owners, animal owners, amateur farmers, etc.,
as an effective method in ensuring the
sustainable development of agriculture.

The use of effective microorganisms for
composting organic waste

Another method used in composting organic
waste of various origins is the method of
using effective microorganisms. This is a
contemporary, relatively young technology,
but it is a globally recognized branch of
science. For the first time, at the international
level, the term “Effective Microorganisms"
began to be used in 1986. Later this term is
permanently used for the specific technology -
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the Technology of Effective Microorganisms)

[2], [6].

Photo 4a. Effective icroorganisms
Source: Own from the internet.

Photo 4b. Colonies of Effective Microorganisms
Source: Own photo.

Effective Microorganisms are an ecological
alternative with sustainable benefits for
humans, animals and the environment. These
are the little helpers in the work in the garden,
household, agriculture, ponds and comfort,
with the most diverse areas of use (Photo 4a
and 4b). The use of Effective Microorganisms
(EM) in agriculture opens up new
perspectives. EM presents a wide spectrum of
use both for businesses dedicated to organic
agriculture and for those dealing with
conventional agriculture. Efficient
Microorganisms favour the vital capacities of
nature, acting especially at the aerobic and
anaerobic level of soil and plants.

These Efficient  Microorganisms (EM)
technology is a creative science always in
development, which constantly discovers new
possibilities of the specific use. Thus, it was
found that EM efficiently decompose heavy
metal salts.

In  SPIBZVM the purpose of the
investigations carried out was to evaluate the
role of microorganisms of the preparations
with EM ,Baikal 3OM-1", ,EM-1" and
PoultryStar®meEU on the bioconversion
process of two types of cattle and poultry
manure, with the subsequent study of the
quality of the compost obtained and its
influence on the physiological development,

quality and yield of corn grown on the lots
where this compost was incorporated.

The analysis of the obtained results
demonstrated that the activity of Effective
Microorganisms from preparations ,,Baikal
OM -1” and ,,EM-1", are manifested more
intensively in the first period of underway in
the process of bioconversion of the
biodegradable organic wastes and influenced
beneficially on quality indicators of obtained
compost [6]. Preparations with EM are
multifunctional, having a wide spectrum of
action, due to the groups of microorganisms
they contain. The largest groups of EM are:
photosynthesis (photosynthetic), lactic (lactic
acid bacteria), fungi (yeasts), actinomycetes,
fermentation fungi. These groups possess
antioxidant, purifying properties and do not
contain genetically modified microorganisms,
but consist of multiple microorganisms, which
are present in the natural environment around
the world [2]. The area of use of Effective
Microorganisms is vast, it includes both
organic and conventional agriculture.

The advantages of using EM Technology are:
- acceleration of the process of humus
formation (formation of the clay-humus
complex) and relaxation of the soil;

- improving soil quality, which will result in
reduced erosion;

- supporting the activity of life in the soil,
including the growth of the earthworm
population;

- improving soil fertility, saving fertilizers,
increasing the soil's heat capacity, which leads
to early seed germination, flowering and
faster fruit formation;

- obtaining more resistant and vigorous plants;
- obtaining a rich harvest with high quality
products;

- reducing costs for fertilizers due to a better
availability of nutrients in the soil;

- protecting groundwater from pollution [3],
[7].

Compost is the best mulch and natural soil
amendment and it can be used instead of
mineral fertilizers. But the most important
thing is that it is a cheap product. The use of
compost leads to the improvement of soil
structure, improvement of excessive textures,
improvement of aeration and increase of water
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storage capacity, increases soil fertility and
stimulates the development of a healthy root
system of plants. The organic matter applied
through  compost  provides food for
microorganisms, which keep the soil in
healthy conditions. The use of organic waste
composting methods in households with
diverse ownership solves a number of
problems, including: processing organic
waste, improving the ecological situation and
developing organic agriculture.

CONCLUSIONS

As a result of the research, it was found that:
organic waste composting methods can be
used as an effective solution in ensuring
ecological agriculture with organic fertilizers
and environmental protection;

all composting methods are welcome for
agriculture, because they solve complicated
environmental problems: complete processing
of organic waste, obtaining organic fertilizers
and ecological agricultural production, and
improving the ecological state of the
environment; organic waste management
through the wuse of various composting
methods can be proposed to each agricultural
unit with various types of property,
landowners, animal owners, amateur farmers,
etc.
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Abstract

Cereals production, storage, processing and commercialization have to be done according to the rules and
procedures mentioned in The Food Grain Grading Handbook in order to ensure a high quality along the whole
process from raw material to final product. The storage of wheat in separate cells, based on the quality indicators
mentioned in the Grading Handbook, facilitates the optimal milling blends, in order to obtain the assortment of
flour required by bakery processors. In this context, this study aimed to present the importance of using wheat
batches, graded according to the wheat grading system, to obtain milling blends in the technological wheat grinding
process. Considering the hectoliter weight (kg/hl) indicator used as a benchmark in the grading process, two wheat
samples were used: a grade 1 wheat sample (81.3 kg/hl) and a grade 2 wheat sample (75.2 kg/hl). Also, the research
highlights the main quality indicators, which are taken into account when putting together milling blends: moisture,
wet gluten, falling number, mechanical work. The use of graded wheat samples and the establishment of the
proportion of wheat samples in the milling blend through rheological analyzes and baking tests, led to obtaining the
type of flour with the intended bread manufacture properties. If it is not applied the grading system, the consequence
is that mixing a small amount of lower quality wheat with a higher quality batch, will depreciate the final quality of
the milling blend.

Key words: wheat grading, milling blends, quality indicators

INTRODUCTION

Cereals production, storage, processing and
trading should be carried out according to the
specific rules and procedures destined to ensure
guality management along the food chain from
raw material to final product.

In this respect, quality standards are the key
tool put at the disposal of graders in order to
fulfil their tasks.

In Romania, there is the Grading Handbook
which contains a set of rules and procedures
based on the national standards in force. For
food grains, the handbook has been in force
since 10 July 2017, as approved by Order
228/2017 of the Ministry of Agriculture and
Rural Development (MADR) [12].

The Food Grain Grading Handbook is
intended for use as a work instrument for
graders. It is based on the classifications and
grades established by the National Food Grain
Grading System in Romania, and it includes
information and work methods that the
graders need to apply [5].

The biological properties of wheat play an
important role in its procurement process [21].
The market value of wheat grain is
determined by various factors such as kernel
morphology, texture, test weight, and the
shape of the germ [13]. Ponce-Garcia et al
[16] note that the physical quality of the
kernel plays an important role for identifying
the engineering characteristics of cereal crop
grains, while [15] point out that studies
concerning the relationships between wheat
kernel physical properties and milling
properties have been carried out since the
beginning of the cereal processing industry.
Consequently, the quality of cereals is an
essential element of the entire value chain, for
the storage of cereal, the processing and,
eventually, the provision of finished products
to the beneficiary.

The monitoring and batching of the cereal
received in the milling units is the first step
needed to obtain products having a
consistently superior quality [7]. This step is
very important for the operations to be applied on
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raw material wheat, as a very good
organization of the wheat according to its
quality allows the processing unit to make
blends so as to streamline both the production
process, and the costs for the raw materials
[4]. [3].

The storage of wheat according to quality
starts with the quantitative and qualitative
reception [18].

The grading of food grains is the operation
consisting of identifying and separating
batches of cereals, pulses, and oleaginous
seeds according to their appearance and
physical condition or according to one of their
special characteristics (SR 1SO 5527:2002)
Cereals. Terminology).

The grading system groups food grains by
quality levels, which reduces transaction costs
related to their marketing [17].

The grading system allows to protect the
quality and the value of products of very high
quality. Any failure to apply the grading
operation leads to potential depreciation of the
final quality of the product when blending a
small quantity of low-quality product with a
batch of the same product, but having superior
quality [10].

The grading system enables better results of
the research dedicated to variety improvement
[9].

In this context, the purpose of the paper was
to study the importance of using the grading
system in wheat blend quality management.

MATERIALS AND METHODS

The first stage is the obtaining of the
representative sample. The sampling is
conducted according to the standard SR EN
ISO 24333 Cereals and cereal products.
Sampling [6]. Two graded wheat samples
were used (a wheat grade 1 sample and a
wheat grade 2 sample) which led to an
optimisation of working time, while
facilitating the obtaining of milling batches.

The blend made from the two wheat samples
(Triticum aestivum L.), of differing qualities
was analysed to determine the optimum mix
for obtaining flour type 650, which is most
often used to make bread. After the samples
were pre-cleaned, the mass per hectolitre (SR
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EN ISO 7971-3/2010) and the moisture (SR
ISO 712:0210) were determined for each
wheat sample, using the fast analyser Perten
5200-A. This was followed by the milling of
the samples, using two laboratory mills,
respectively the Perten hammer crusher and
the Chopin CD1 roll mill. The milled samples
were then analysed to determine moisture
using the Sartorius MA 45 Moisture Analyzer,
as well as the wet gluten content (SR ISO
21415-2:2008) via the mechanical method,
using the Yucebas Glutomatic System. The
Falling Number (SR EN ISO 3093:2010) was
determined, using Falling Number Yucebas,
and also the rheological properties of the
dough with the Chopin Alveograph (SR EN
ISO 27971/2008). The Farinograph was also
used, for the dynamic testing of wheat dough
mixing properties, to assess the quality of the
wheat and the processing of properties for this
dough. The testing procedure is standardized
in the international standards [14] (ICC
standard 115/1, 1SO 5530-1, AACC standard
no 54-24) [1]. Kneading is a fundamental
operation in bread manufacture technology.
Its role is to render dough that is homogenous,
cohesive, non-sticky, tenacious, elastic, and
expandable. In the kneading process, the
proteins are hydrated, the quantity of
incorporated water increases, and the dough
improves its consistency and acquires elastic
qualities [11].

Gluten proteins play the main part in dough
formation. In the presence of water, they swell
up and, under the influence of the mechanical
kneading action, they are joined together and
make up the gluten. Its structure resembles a
continuous network of protein-based films,
which incorporate the starch granules and
which lead to obtaining a dough capable of
expanding under the pressure of fermenting
gases. The gluten formation process is a
complex one, and it occurs progressively in
the dough [14].

To form the structure characteristic to the
dough, intermolecular reactions are necessary.
This is possible during kneading, when, as a
result of protein hydration and of the energy
transferred to the dough, the bonds
conditioning the globular shape are broken.
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In properly kneaded, high-quality dough, the
protein film is homogenous and uniformly
distributed around the starch granules [2].

The intensive kneading is characterized by a
vigorous kneading of the dough, achieved at
high rotative speed of the kneading arms.
Such intensive kneading is aimed at
increasing the number of sulfhydryl groups in
the gluten proteins, which are capable of
interacting with the intramolecular disulphide
bonds. Thus, a network of gluten fibres is
formed, having extremely fine openings, with
high tensile strength [8].

After the mixing time ends, the dough is taken
out of the mixer, it is let to rest for 5 minutes,
and afterwards it is divided. The 45 minutes
spent in the dough proofer are followed by the
15 minutes of baking time at 220°C in an
electric oven.

RESULTS AND DISCUSSIONS

Table 1 indicates the results of wheat sample
analyses. Samples 1(from wheat grade 2) and
2 (from wheat grade 1) are the initial samples,
and the sample named “wheat blend” is a
blend made up of 60% sample 1 wheat and
40% sample 2 wheat.

Table 1. Wheat sample quality indicators

Qualit Wheat Wheat
_uality sample sample Wheat
indicators
for wheat 1 (wheat 2(wheat blend
grade 2) grade 1)
Moisture,
(%) 12.3 11.3 11.8
Wet gluten,
(%) 225 325 26.4
FN 435 458 450
W (J) 119 341 210
P/L 1.54 0.57 1.1
Mass per
hectolitre, 75.2 81.3 78.8
(kg/hl)

Source: original results.

The blend was selected according to Table 2,
which contains the quality indicators of the
two wheat samples. This table substitutes the
standard calculation method for obtaining the
milling batches. It is a much faster system,
allowing for the identification of an accurate
percentage. First the analyses for the wheat

batches intended for use in production are
input and, using the entered formulas, the
appropriate parameters are selected to obtain
the desired flour.

Table 2. Average analysis of wheat blend

Wheat
Wheat sample
sample 2(wheat
1(wheat grade Average
Cell grade 2) 1) analysis
Blending ratio
(%) 60 40 100
Wet gluten,
(%) 22.5 32.5 26.5
G index (%) 97 75 88.2
FN 435 458 444.2
P 71 88 77.8
L 46 115 73.6
G 15.1 27.6 20.1
W (J) 119 341 207.8
P/L 1.54 0.57 1,152
le 39.5 50 43.7

Source: original results.

According to Figure 1, upon analysing the
most important parameters of the wheat
samples (wet gluten, flour strength - W, mass
per hectolitre), it can be noted that the 60/40
ratio is accurate, as the resulting parameters
can be found mid-way between the values of
the two samples from which the wheat blend
was made, and the minimum quality
requirements for milling are met.

400
350
300
250
200
150
100

50

o W || [ |

Wheat sample 1 Wheat sample 2 Wheat mixture

W Wet gluten W Hydration capacity

Fig. 1. Quality indicators determining the optimum
make-up of the wheat blend
Source: original results.

Three flours obtained have no variation in

colour or appearance, according to the ash
content in Table 3.

195



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

Vol. 22, Issue 4, 2022
PRINT ISSN 2284-7995, E-ISSN 2285-3952

Table 3. Quality indicators of flours obtained from the
wheat samples

Flour Flour
Quality Flour from from from
indicators wheat wheat wheat
for flour sample 1 | sample 2 blend
Moisture 14.4 13.8 14.3
Wet gluten 24 33.6 27.8
FN 378 418 395
w 137 304 245
P/L 1.17 0.85 1.37
CH 52.5 62.8 61.5
Stability 5.32 9.42 7.49
Resistance
(135 min) 404 744 614
Extensibilit
y (235
min) 2.33 6.46 3.23
Ash 0.67 0.63 0.65

Source: original results.

Quality indicators determining the optimum
composition of flours obtained from the wheat
samples are shown in Fig. 2.

800
700
600

500

JIJ‘Jl

Flour from wheat sample 1 Flour from wheat sample 2 Flour from wheat mixture

8

W Wet gluten B W B Hydration capacity ™ Dough stability B Dough resistance (135min)

Fig. 2. Quality indicators determining the optimum
composition of flours obtained from the wheat samples
Source: original.

The physical and chemical testing of the
samples was followed by the baking test for
each flour type. The recipe presented in Table
4 was used.

Table 4. Recipe for bread obtained from the wheat
blend

Bread recipe Investigational flour test/kg
Flour 100
Yeast 2.4
Salt 1.8
Water 55

Source: original.
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This dough has a sticky consistency, with a
shiny appearance, high extensibility, the
dough gives very easily, and it is hard to
process.

The wheat from the sample 2 flour has a very
cohesive, strong consistency, it is very hard to
process, the dough resists processing, and
breakage effects occur on its surface.

The dough using the blend of the two wheat
samples is a cohesive dough, with a smooth
appearance, easily extensible, it does not resist
processing, it improves its tenacity and gas
retention capacity, it is highly tolerant upon
proofing.

After the 45 minutes spent in the dough
proofer, we can notice the behaviour of the
dough by looking at the slit and the behaviour
of the dough [19],[20]: in the case of the
wheat flour originating from wheat sample 1,
the slit is not straight, it is not sufficiently
proofed, and in the case of the dough made
from sample 2 wheat flour, we can note slight
over fermentation and, upon slitting it, the
knife sticks to the dough and it rendered the
slitting difficult.

In the case of the dough obtained from the
wheat blend flour, we noted proper proofing,
the knife moved easily upon slitting, with no
sticking marks.

EL o=
Photo 1. Section in the bread obtained from wheat
sample 1
Source: original.

The bread obtained from the flour milled from
wheat sample 1 is a bread having poor
volume, it is flattened, it seems slightly
sodden, its surface is whitish, the core has
small dense pores. The height of the bread is
just at 6 cm, and its width is of approximately
10 cm (Photo 1).
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The bread obtained from the milled flour of
wheat sample 2 seems to be a bread that was
forced to proof, it broke on the edges, and the
colour of the crust is dark brown in patches,
the core has non-uniform pores.

The part that was in contact with the tray is
packed and the phenomenon called “bottom
crust” was created. The height of the bread is
7.3 cm, the width is 9 cm (Photo 2).

Photo 2. Section in the bread obtained from wheat
sample 2
Source: original.

The bread obtained using the flour milled
from the wheat blend 60% wheat 1 and 40%
wheat 2 is one that has a uniformly baked
crust, a core with non-uniform, but loose
pores (Photo 3).

Photo 3. Section in the bread obtained from the blended
wheat sample
Source/original

CONCLUSIONS

The grading of wheat as a raw material is an
essential instrument in determining purchase
price. The application of the grading system
included in the Grading Handbook is a

guarantee of the fact that the manufacturers
will obtain a fair price for their product,
according to its quality. Thus, the
manufacturers will be encouraged both in
terms of yield, and in terms of quality. The
application of the grading system secures the
constant quality of the stored food grains,
sustaining  internal and  international
transactions.

The grading system allows silo managers and
transporters to organize the storage system for
food grains in a more efficient manner. It
improves the manufacturing/sales costs ratio
and the price of food grains.

The preliminary tests performed on wheat in
the laboratory provide clear and accurate
information on its quality and they facilitate
the storage/batching process.

The determination of moisture in the raw
material is one of the key factors for
establishing how it is stored.

The quantity and quality of moist gluten
provide clear information on the properties of
the intermediate product, namely the dough.
The hydration capacity is directly influenced
by the grinding grade and the quality of the
flour gluten, providing clear information on
the stability of the intermediate product, the
dough, in the manufacturing process.

The determination of mechanical work helps
the milling facility classify the wheat so that it
may be stored according to its quality, so that
the flour milled from the respective wheat to
be of good quality;

The baking test is the key element that
accurately indicates the behaviour of the flour
during the technological process. A flour type
may have the same physical and chemical
parameters, but a completely different
behaviour in the dough.

The storage of wheat in batches, according to
its grade, leads to an optimisation of working
time, of the available storage area, while
facilitating the obtaining of milling batches.
The importance of milling batches consists of
the fact that a product of uniform quality is
obtained, and this has a positive influence on
the clients’ perception regarding the finished
product.

The analysis of the blends clearly highlighted
the importance of milling batches for
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obtaining flour of target quality for the
finished product.
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Abstract

A vegetable with a high nutritional value and with a low cost of cultivation makes the pumpkin a coveted candidate
as a functional ingredient in obtaining bakery products with a special destination. The aim of the work was to carry
out a study on the introduction of pumpkin flesh (Cucurbita maxima), obtained in an ecological system, in the
production of gluten-free products intended for people with metabolic or allergic problems. Fresh and baked
pumpkin pulp was analyzed from a chemical and biochemical point of view. The demand for vegetable ingredients
that add value to a food product has increased a lot recently. Also, the demand for bakery products is increasing,
especially for products specific to a certain segment of vulnerable consumers. The obtained results showed that
protein content for Cucurbita maxima pumpkin flesh is 23.06% for the fresh version and 15.51% for the baked
version; and the fiber content of the analyzed samples is 10.794% for the pumpkin pulp and 7.623% for the baked
pumpkin pulp. Regarding total phenolic, values of phenolic compounds found in our research, are 36.03 mg/100g
for pumpkin flesh and 40.40mg/100g for pumpkin flesh. A high of value total phenolic compounds will have a major
impact on bakery products.

Key words: pumpkin, carotenoids, polyphenolic compounds

INTRODUCTION

The current conjuncture determines a new
approach to the choice of ingredients and the
creation of new formulas for food products in
the bakery industry. Such as, the accelerated
increase in the price of animal ingredients, the
new food and environmental policy of the
European Union, as well as the emphasis
placed on ecological and sustainable products,
determine the change in the optics of
producers in this field. In order for the
processing units to survive, they must find
solutions to replace conventional raw
materials with other ingredients that are much
more accessible, sustainable, sustainable and
nutritious. For this reason, the use of
vegetables and fruits in the bakery industry
becomes a practice that will determine a new
breath in the creation of new assortments and
the production of products on a large scale for

people with various metabolic conditions.
Vegetable ingredients are important sources
of fibers and valuable nutrients for the human
body.

In the last 30 years, many vegetables lost their
economic importance. The main causes being
the reduction of the lots put into use, but
especially the drought and temperature
differences that created special problems for
the producers. Due to the drought, imports
were stimulated, which in turn caused
imbalances in the activity of small
entrepreneurs.

A culture that was forgotten at the expense of
imported products was the pumpkin culture.
Pumpkins are the genus Cucurbita and the
family Cucurbitaceae. The pumpkin species
available include C. maxima (called "bostan"
or “winter pumpkin” in Romania), C.
moschata (called "placintar”" in Romania) and
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C. pepo (called "dovlecel" in Romania). These
three species are cultivated worldwide and
have high production vyields [28]. In the
current selection of pumpkins in Romania,
only a few crops from the species Cucurbita
maxima L, Cucurbita moschata Duch are
included. In 2020, Romania had a production
of 21,470 tons/year according to [11].

In this context, the research regarding the
reintroduction of this species into culture has
a very solid motivation, especially in
ecological culture.

Pumpkins are cooked and consumed in many
ways, and most parts of the pumpkin are
edible, from the fleshy shell to the seeds.
Pumpkin flesh is consumed in soups, puree,
smoothies and juices, or it is incorporated into
various foods, such as gluten-free cakes,
candies, breads and pastry products. In the
many country, pumpkin is a must have by
Halloween or in different dishes, especially in
the autumn season. Pumpkin seeds and
pumpkin seed oil are also commonly
consumed in some countries.

Taking into account the prospects of
introduction and expansion in the culture of
many cucurbit species, new and much more
diversified crops can be obtained considering
the adaptability of the species to the
environmental conditions and the type of soil
specific to the area. Due to its high resistance
to diseases and pests, it is a species that can be
successfully cultivated in an ecological
system.

Since it is not sufficiently exploited, we
proposed a more thorough study of the
Cucurbita Maxima species known as
Pumpkin, and its valorization by obtaining
different products with high nutritional and
economic value. Pumpkin is an edible food
which must to be included in daily diet
because can give various health and
therapeutic benefits in our body. Many
research studies have been conducted on the
bioactive ingredients of pumpkin peel, flesh,
and seeds to provide an overall picture of their
health-related impacts, which have
demonstrated its anti-inflammatory [25],
antibacterial, anticarcinogenic [13],
antidiabetic  [8], and antihypertensive
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properties, associated with this climber for
diabetes [4, 23].

In food industry, pumpkin has attracted
increasing attention in special for its
nutritional profile, and due to the fact that it
can be included in a wide range of recipes.
The most important edible parts of the
pumpkin are: pumpkin seeds - are rich in
fiber, protein, and unsaturated fatty acids,
which can all play a supportive role in healthy
weight loss, and the edible oil obtained from
the pumpkin seed is rich in oleic acid,;
pumpkin pulp: the ripe fruit is sweet and used
to make confectionery-pastry-bakery and juice
or slightly alcoholic beverages. Pumpkin pulp
is used in the food industry for the production
of pastries, baked goods, juices, jams,
marinades, and baby food.

Pumpkin culture is profitable because it does
not require high care expenses and they have a
good yield per crop. At maturity, pumpkin
are stable for 1-3 months after their harvest,
after they become susceptible to microbial
spoilage, moisture loss, and color changes
after peeling. Thus, to extend the shelf life,
pumpkin pulp is subjected to drying and
branding techniques to obtain pumpkin flour,
extremely versatile flour often used to obtain
functional foods. Other preservation methods
applied are: freezing, baking, preservation in
the form of puree. This also allows pumpkin
to be used as an ingredient in manufacturing
foods such as bakery-pastry products for
quality addition [30], as the rich nutrient
content of this vegetable increases the
nutritional quality of baked products [17].
Pumpkin inserted in cookies or muffins
recipe, have been found to bring good
nutritional value and sensory characteristics
who make them acceptable and well-
appreciated to consumers [31].

Pumpkin is rich in carotenoids,
polysaccharides, oils, sterols, para amino
benzoic acid and good amount of vitamins
and minerals. Pumpkin seeds are of high
protein, low in fat content and they are good
source of elements like potassium,
magnesium, copper, zinc, selenium and
molybdenum. The phyto-constituents of
pumpkin make it vital in different types of
diet. Pumpkin is the best-known sources of
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beta carotene. Beta-carotene is a powerful
antioxidant that gives orange vegetables and
fruits their vibrant color. The body converts
any ingested beta carotene into vitamin A. All
these benefits made it essential to include in
our daily diet. Large size of fruit is a major
limitation; to overcome this many processing
methods like drying or dehydration are
applied to make flour [2].

In this context, the purpose of the paper was
to carry out a study on the introduction of
pumpkin flesh (Cucurbita maxima) in the
production of gluten-free products intended
for people with metabolic problems or
allergies.

MATERIALS AND METHODS

The raw material used was purchased from
Bio&Co. The pumpkin was selected based on
soundness, cleanliness, no pest damage or
mechanical damage.

Fresh and baked pumpkin pulp was analyzed
from a chemical and biochemical point of
view.

The demand for bakery products is increasing
especially for products with specificity for a
certain vulnerable consumer segment. To
meet the sensory and nutritional expectations
of customers, these cookies are developed and
standardized.

Plant material and pulp preparation: the
pumpkin fruits were washed, halve, peels and
seeds was removed. The peeled pumpkin was
cut into small cubes and prepared as follows:
pumpkin flesh it was grated and pumpkin flesh
baked at 200°C/40 minutes in a convection
oven. The samples were evaluated in triplicate
for each analysis.

Methods of sample preparation and chemical
analyses it was carried out at the laboratories
of Research Center for Studies of Food
Quality Q-lab, University of Agronomic
Sciences and Veterinary Medicine of
Bucharest, Romania.

Determination of the dry matter (DM) was
achieved by weighing 1 g of the sample, and
then dries at 105°C, in an oven until a
constant weight. The determination of the dry
matter content (DM) was carried out by the
gravimetric method, through the removal of

water by evaporation and weighing, according
to the European Pharmacopoeia, edition 7, the
results being expressed in percentages.
Elemental analysis C, H, N and determination
of protein content- The analysis of the total N,
H, C content was realized on the Dumas
method, using the Elemental Analyzer EA
3000. This method involves the total
combustion of the sample in atmosphere of
oxygen. The gases produced are reduce with
the help of copper to H20, N2, CO2 and SO
and quantified using a universal detector.
From the ground samples was weighed of 2—-3
mg, enter in a tin crucible and subjected to
combustion at 950°C. The amount of protein
was calculated by multiplying the total
nitrogen content by a factor of 6.25.
Determination and quantification of fibers by
the Acid detergent fiber (ADF) method
according to Van Soest - the samples were
dried and ground to pass through a 1mm
sieve. Weigh in a crucible 1 g of grinded
sample and add 100 ml of acid detergent
solution at room temperature and some drops
of n-octanol. Heat, then leave to reflux for 60
minutes from the moment the sample reached
boiling point. Filter and wash 3 times with
boiling water, then twice with cold acetone.
Dry 8 hours at 105°C and let cool in a
desiccator, and after this is weighing.

A calculation is:

ADF = {[(crucible weight + residue weight) -
crucible weight]/ Sample Weight} x 100; [%].

Determination of total polyphenol content
(TPC) by Folin-Ciocdlteu  method -
Depending on the type of sample, 1 g of
material is mortared in the presence of quartz
sand and 10 ml of 70% methanolic solution in
water. The extracted sample is left overnight
in the dark at room temperature. The next day,
shake for 60 minutes to favor the extraction,
centrifuge for 5 minutes at 5,000 rpm and 4°C
and transfer the supernatant to another bottle.
Over the remaining sediment, add another
10ml of 70% methanolic solution, shake and
centrifuge. Repeat procedure. Finally, the 3
supernatants are combined, the final volume
of the extract being 30 ml. For the quantitative
determination of the total content of
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polyphenols, the Folin-Ciocalteu method
following a protocol adapted from [12].
Determination of the content of carotenoid

pigments by UV-VIS The carotenoids
pigments content was quantified after
petroleum ether extraction method. In a

mortar with pestle, 1 g of the sample was
mortared in the presence of quartz sand, and
washed quantitatively several times with
petroleum ether.

The ethereal extract was vacuum filtered and
transferred quantitatively into a 50 ml
volumetric flask. It was dosed
spectrophotometrically against a petroleum
ether blank at wavelengths 452 and 472 nm,
using the Specord 210 Plus UV/VIS
spectrophotometer. Results were calculated
according to the formulas proposed by [30].
The results obtained and presented are the
average of three independent values and are
expressed as mean + standard deviation (SD).
The determination of the antioxidant activity
by the DPPH method consists in establishing
the antioxidant activity based on the DPPH
test, using the stable free radical 2,2-diphenyl-
1-picrylhydrazyl (DPPH), according to the
method described by [9]. To determine the
antioxidant activity, a volume of 200 pl of the
extract solution obtained for polyphenols is
used, and 2 ml of DPPH solution (0.2 M) in
methanol is added. Stir magnetically in the
dark for 30 minutes. After incubation, the
absorbance is measured at a wavelength of
515 nm.

Statistical analysis of obtained data was
performed using Microsoft Excel for standard
deviation and represent the average of three

replicates  with independent  sample
preparation.

RESULTS AND DISCUSSIONS

Overview

Pumpkin cultivation was carried out in
Niculesti commune, Ciocanari village,
Dambovita county within Bio&Co, an

ecological vegetable farm, which is a project
of Ateliere Fara Frontiere (Workshops
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without frontiers), a Romanian non-profit
association that creates jobs for vulnerable
people, in workshops of social and solidarity
economy.

To facilitate the access of people from
vulnerable backgrounds to the labor market,
in order to build their self-confidence,
professional and personal independence.

The climate in the area is temperate
continental with hot and dry summers and
cold winters, dominated by the frequent
presence of cold continental air masses from
the East, or Arctic from the North and strong
winds that blow snow. The multiannual
average value of the air temperature is 11°C, a
value that is characteristic of the eastern
sector of the Romanian Plain. The
multiannual average amount of precipitation
oscillates around 500 mm. The wind regime is
characterized by prevailing air currents from
the Northeast and East, currents that can reach
125 km/hour in winter. The land on which the
town is located was part of Codrii Vidsiei.
Research data

Pumpkin culture

Pumpkin grows well in most types of soil,
whether light, medium or heavy, as long as
they are well drained.

Due to the fact that it is an ecological crop,
before the establishment of the crop, an
agrochemical mapping of the land was carried
out.

Mapping was carried out before and after
basic fertilization with manure. Before the
establishment of the crop on this land there
was an alfalfa crop that was incorporated into
the soil in the fall with the plowing (Table 1).
The material incorporated as biodegradable
fertilizer - Lucerne (Medicago sativa) is a
perennial plant from the legume family, with
leaves composed of three leaflets and blue-
violet flowers, cultivated as a forage plant.
Research shows that, while following the
application of chemical fertilizers with
nitrogen, plants can transform only 50% of the
administered amount into plant matter, the
nitrogen left in the soil after a leguminous
crop is fully utilized.
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Table 1. Agrochemical characteristics of the land on which the experience was located

Emplacement pH Soluble salts, Content of soluble forms [ppm]
[%o] N — NH4* N — NOs P - PO K*
Before  fertilization  with 6.71 0.054 14.25 19.72 11.43 55.00
manure
After fertilization with 6.64 0.050 47.50 152.86 28.57 165.00
manure

Source: [27, 35].

It is estimated that after an alfalfa crop,
average 280 kg nitrogen/ha. The green leaves
of this plant contain eight essential amino
acids (which the body is unable to synthesize).
Medicago sativa distinguished by the high
content in enzymes, phytoestrogen, protein,
calcium, iron, magnesium, phosphorus,
potassium, essential amino acids and vitamins
C, B6, D, A, K and E (biologist Frank Bouer)
[15].

Alfalfa was present on the plot used in the
experiment for 3 years, and then it was
incorporated into the plot by plowing after the
last mowing. In autumn, 10 t/ha of manure
was also administered. The manure was very
well decomposed. After applying the manure,
a deep plowing of the land was performed.
From the data of table 1, it is observed that the
soil pH varied between 6.71 before
fertilization and decreasing to 6.64 following
the application of manure. Nitrogen in the
soil, as well as the level of phosphorus and
potassium, also increased a lot. The level of
nutrients is balanced, the soil being well-
supplied for a pumpkin crop, and during the
vegetation period, three more facial
fertilizations will be applied. In the spring, the
land was shredded with the disc harrow and
the leveling bar, and the day before sowing, it
was once again passed with the combiner to
achieve a good compaction of the soil and
maintain its moisture to ensure the rapid
emergence of the seeds.

The establishment of the culture was done by
sowing directly in the field respecting the
sowing distances from the experimental
scheme.

Sowing was done on April 30, 2021, when the
soil temperature reached 9-10°C, it was sown
at a depth of 3-4 cm and 3 seeds were placed
in each nest. The seeds were purchased in
Austria and are certified organic.

Care work carried out in culture

Weed control by mechanical weeding when
the plants were small, then hand weeding
done very carefully so as not to displace the
pumpkin seeds.

After the pumpkin plants grow, they cover the
ground very well and smother the weeds
themselves. Irrigation was carried out at the
nest when the plants were small, then the
culture was no longer irrigated.

No disease and pest attacks were reported in
the crop considering that this crop was sown
for the first time on this land and there are no
pumpkin crops in the area.

In ecological crops, monoculture is not
recommended because the pumpkin can have
diseases such as powdery mildew and downy
mildew, and the remains of stems can become
a source of infection, causing damage to
seedlings and developed plants.
Consequently, on the same plot, the pumpkin
can be cultivated again only in the third year.
Sources of raw material and preparation

The raw materials used were purchased from
Bio&Co. For current use as an ingredient, it
was selected only healthy, solid, intact
pumpkins without mechanical damage or
pests. The pumpkin was washed, halve, peels
and seeds was removed. The peeled pumpkin
was cut into small cubes and prepared as
follows: pumpkin flesh it was grated and
pumpkin flesh baked at 200°C/40 minutes, in
a convection oven. The samples were
evaluated in triplicate for each analysis.
Evaluation of physical properties

Pumpkin flesh is a good source of dietary
fiber, which plays very important role in
human health. Because of low energy value
dietary fiber obtained from pumpkin pulp is
very helpful in lowering blood glucose level
[16, 33].

Extracts of pumpkin  pulp exhibited
antimicrobial and antioxidant potential [6].
Extracts of pumpkin, enriched with
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carotenoids can be called as phyto-complex, a
good source of bioactive compounds, delays

Table 2. Proximate composition of fresh pumpkin

cell proliferation in a human chronic

lymphocytic leukemia cell line [22, 5].

ADF
Products DM % Protein % (Acid Detergent Fiber)
Y%
C. maxima fresh 5.676 £ 0.055 23.06 = 0.787 10.794+0.570
C. maxima baked 10.046 £ 0.098 15.51 £4.130 7.6234+0.219

Values are given as means of three replicates = SD. Means with different superscript letters within a column are
significantly different (P < 0.05). SD = Standard deviation of the mean
Source: Determinations made through the EcoDonela project.

It is known that the chemical composition of
the pumpkin can vary greatly depending on
the climatic conditions of that year and
genetic factors.

After the analysis, it was found that the
humidity of the fresh sample is 96.42%, a
value that approaches the results obtained in
other studies. For example, in other
bibliographic sources, the humidity of fresh
pumpkin is between 89.50-95.00% [36]. We
can say that our sample is in parameters. The
humidity of the sample of baked pumpkin is
about average 90%, a rather high value, but it
is justified by the use of mild heat treatment,
S0 as to protect its bioactive components. We
can conclude that the fresh Cucurbita maxima
pumpkin has a higher humidity, which leads
to obtaining soft, fluid doughs, something
found in work practice. These problems
influence the long-term storage and
preservation. Cucurbita maxima pumpkin
flesh baked at 200°C/40 minutes in the
convection oven has a greater stability in the
product, but the still high humidity creates the
same problems as with the fresh one.
Pumpkin flesh baked by Cucurbita maxima,
has good stability in mixtures and integrates
nicely into the finished product. Due to the
lower humidity, the doughs are more
consistent, aromatic and beautifully colored.
One of the most important chemical content
quality indicators is the dry matter content. It
ensures the quality and output of the recycled
products. Regarding the content of dry matter,
the results show (Table 2) that in the case of
fresh Cucurbita pumpkin flesh, a maximum
value of 5.676 % and by baking it increases to
approximately 10.046 %. The fruits of great
pumpkins accumulate higher amounts of dry
matter compared with the amount of the fruits

204

of oil pumpkins. This is due to the relatively
high sugar content in the flesh of Cucurbita
maxima fruits.

Protein is important for tissue repair and cell
growth, being involved in building each tissue
in human body. They affect transport through
the cell membranes of various vitamins and
minerals. The protein content for Cucurbita
maxima pumpkin flesh is 23.06 % for the
fresh version and 15.51 % for the baked
version.

The fiber content of the analyzed samples is
10.794% for the pumpkin pulp and 7.623%
for the baked pumpkin pulp. These values are
confirmed by similar studies, respectively
values of 6.66% of the dry substance. The
reduced values of the fiber content in the case
of the cooked pulp is confirmed by the
literature reports that mention that blanching
reduces the amounts of starch, ash, fiber,
phosphorus and iron due to leakage during the
blanching process [14, 19, 10]. Presence of
dietary fibers in pumpkin pulp, reduce sugar
levels increased with increasing substitution
of pumpkin flesh or flour in bread.
Determination of biological activity

Bioactive compounds, important for human
nutrition, are considered an excellent
alternative for disease prevention and
treatment. These compounds are beneficial for
health, because they strengthen the immune
system and prevent the body from getting
sick. We can mention the most important
bioactive compounds present in pumpkin:
polyphenols, carotenoids, vitamins, omega-3
fatty acids, organic acids, nucleosides and
nucleotides, and phytosterols have attracted a
lot of attention due to their role in preventing
several chronic diseases. The scientific world
is continuously searching for natural sources
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of bioactive compounds, and many have
found pumpkin (Cucurbita L. spp.) extremely
interesting because it contains large amounts
of bioactive compounds [20]. Due to the high
content of carotenoid compounds, pumpkin
(C. maxima) pulp is a rich source of natural
antioxidants, especially B-carotene.

Antioxidants are compounds that can reduce
oxidative stress directly, reacting with free
radicals, or indirectly, inhibiting the activity
or expression of free radicals through
intracellular enzymes. There are two types of

Table 3. Proximate composition of fresh pumpkin

antioxidants: the body's own antioxidants
(glutathione, coenzyme Q, alpha lipoic acid)
and the antioxidants taken from the diet
(vitamin C, vitamin E, selenium, beta-
carotene) which are well represented in
colourful fruits and vegetables: beets, carrots,
spinach, broccoli, tomatoes, cherries, red
grapes, berries. Today, there is a growing
interest in plants such as ginseng, turmeric,
ginkgo, rosemary, green tea, garlic, ginger,
which are rich in antioxidants.

Total polyphenol content

Type of pumpkin (TPC) Antioxidant activity Content of carotenoid
flesh (mg /100 g) (mg equiv Trolox/100 g) pigments (mg/100 g)
C. maxima fresh 36.03 £5.27 1.746 £ 0.225 0.776 £ 0.019
C. maxima baked 40.40 +4.31 1.751 £ 0.183 2.388 £0.120

Values are given as means of three replicates + SD. Means with different superscript letters within a column are
significantly different (P < 0.05). SD = Standard deviation of the mean
Source: Determinations made through the EcoDonela project.

Phenolic content they have an important role
in the growth and reproduction of plants, and
contribute to the color and sensory
characteristics of fruit and vegetables [1].
Total phenolic content was determined in
fresh pumpkin fruit as well as in pumpkin
pulp baked. Following the laboratory
determinations, the following values were
found phenolic compounds, found in our
research, respectively 36.03 mg/100g for
pumpkin pulp fresh and 40.40mg/100g for
pumpkin pulp baked (Table 3). The
concentration of polyphenolic compounds in
pumpkin depended on the degree of ripening.
The content of polyphenolic compounds in
ripe fruit was 33.5 mg/100 g dm, whereas in
unripe fruit it was 10.3 mg/100 g dm. This
content was similar to the results observed in
methanol-aqueous extracts in the C. maxima
‘Marina di Chioggia’, and ‘Jumbo Pink
Banana’ cultivars [3, 21, 26].

The results obtained were in accordance with
the literature data, the amounts are found in
intervals between 90 mg GAE/100 g [7] and
24 mg/100 g FW, the lowest value detected by
[24]. As it could be expected, in pumpkin
products lower but still significant amounts of
phenolics were determined and the registered
reductions were probably due to the thermal
processing.

The determination of the antioxidant activity
was carried out with the help of the UV - VIS
spectrometer. The fresh pumpkin flesh sample
has an antioxidant activity of 1.746 mM
Trolox equiv/100g ripe pumpkin flesh has a
value of 1.751 mg equiv Trolox/100 g.
Content of antioxidants in baked pumpkin is
much higher than in fresh pumpkin flesh.
These results show that heat treatment does
not influence the antioxidant activity of
pumpkin pulp [29].

Pumpkin is an excellent source of carotenoids,
especially at peel and pulp level. The yellow
to orange color of pumpkin peel and flesh is
due to present of carotenoids. High
carotenoids contents is present in varieties
showing more yellow color [34]. Pumpkin
pulp pigments are widely used as additives in
food products, in medicine and in cosmetics.
Pumpkin pigments include carotenoids, lutein
and zeaxanthin. The carotenoids are
responsible for the characteristic yellow-
orange color of pumpkins [34].

The orange color of the skin and flesh of the
pumpkin is due to the high content of
carotenoids located in the two parts of the
fruit [3]. The high content of carotenoids is
present in varieties that show a more intense
orange color [34]. Pigments (eg carotenoids,
lutein and zeaxanthin) from pumpkin pulp are
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widely used as additives in food, medicine
and cosmetics [34].

In fact, the yellow color of pumpkin at its
young stage develops to orange in its ripened
stage due to a increase by 11 fold in the
carotenoid content of the fruit [18, 32].
Carotenoids are considered major source of
vitamin A, important for our human body
improving  eyesight, immune  system,
reproductive system, growth and
development.

The content of carotenoid pigments
determinate by UV-VIS method, at the
analysed samples, shows that great pumpkin
flesh raw and baked are rich in source of
carotenoids. The sample with pumpkin pulp
fresh has a total carotene content of 0.776
mg/100 g and in the baked pumpkin pulp it
has a value of 2,388 mg/100 g. It was found
that the total carotene content in the cooked
pumpkin is much higher than in the fresh
pumpkin. B-carotene is found in vegetables
(carrots, apricots, spinach, potatoes, pumpkin,
and pepper), oranges, and yellow fruits.
Several studies have revealed the prophylactic
potential of carotenoids for cancer, diabetes,
inflammatory diseases and cardiovascular
diseases.

Studies support the ingestion a large number
of vegetables and fruits which has a high
carotenoid content, and that has a protective
role to the consumption of a type of
carotenoid-based  product.  Thus, the
diversification of vegetables and fruits is a
prophylactic  strategy, more effective,
compared to the intake of carotenoids from a
single vegetable product.

CONCLUSIONS

In recent years the consumption of fruits and
vegetables has increased rapidly due to the
awareness of their health benefits for people.
These plant ingredients come  with
phytochemicals, such as carotenoids and
phenolics, which are believed to reduce the
risk of developing degenerative and chronic
diseases. The results of our study indicated
that the tested pumpkin pulp, fresh and ripe, is
a valuable source of -carotenoids and
phenolics. In other words, pumpkin is an
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edible
industry.
Incorporating the pumpkin pulp in gluten-free
formula creates the opportunity for innovation
and development of novel products. So, the
pumpkin pulp, used in raw or cooked form, of
this pumpkin variety could be the most
suitable to enrich manufactured foods with
dietary fiber. The use of Cucurbita maxima
pumpkin pulp, obtained from local organic
farms, has a high nutritional value, and
inserted into various bakery formulas, lead to
obtaining a food with a functional role in the
body, easy processing, appropriate behavior
when baking, and products with color
identity. In conclusion, pumpkin pulp seems
to be a valuable source of active compounds
for baked products. In conclusion, pumpkin
pulp seems to be a valuable source of active
compounds for baked products.

ingredient, ideal for the bakery
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Abstract

The aim of this work is weed control by cutting, pulling from the ground and covering with a thin layer of ground,
where they can regenerate. The good preparation of the germination bed allows the seed to be covered with a well-
aerated, heated soil layer and stand on a more stable and favourably humid soil. The lack of weeds and vegetable
residues on the surface of the soil and on the depth of the germination bed gives it the appropriate quality to be
sown. The preparation works of the germination bed were carried out at the "December 3, 1990" commercial
company from Periam, Timis County, Romania. The main methods utilized to optimize the use of agricultural
aggregates are mathematical programming, direct calculus solutions, and operating nomograms. The purpose of
the secondary works performed after ploughing consists in the crushing of soil clogs and of structural soil macro-
aggregates in order to carry out the sowing. For the execution of the mechanised scarification works, the
preparation of the germination bed and of maize sowing, the types of tractors are chosen according to the
technological process of the works and to the biological properties of the crops, depending on the following
indicators: light, gauge, size of equipment, plot size, energy consumption of agricultural machines, state of the land,
humidity, and manoeuvrability. Soil works have been an integral part of agriculture since the beginnings of farming
and they have served several important goals: the preparation of the germination bed, the reduction of soil
compaction to increase aeration and allow the root system to develop optimally, the reduction of weeding, the
incorporation of fertilizers and amendments, and the management of plant debris. Following the study, we can
conclude that the optimization of the use of agricultural aggregates in operation contributes to the reduction of the
production expenses, of the specific fuel and material consumption, and of the labour requirement.

Key words: economic efficiency, germination, soil
INTRODUCTION germination bed, the types of tractors are
chosen according to the technological process
of the works and the biological properties of
the crops, according to the following
indicators: light, gauge, size, plot size, energy
consumption of the agricultural machines,
land state, soil moisture and manoeuvrability

The efficiency of the work depends primarily
on the degree of mechanization in agriculture,
because the use of agricultural machines and
equipment increases the productivity of the
work, relieves physical work, and reduces

production expenses, thus contributing to the
obtaining of increased agricultural
productions [20].

The purpose of the secondary works
performed after the ploughing consists of the
fragmentation and crushing of the structural
clogs and macro-aggregates, in order to carry
out the sowing [7], [2].For the execution of
mechanized works in the preparation of the

[17, 22].

Machines in agriculture, as well as in the
other fields of activity, are mobile assets
whose use determines a significant increase in
labour productivity and a reduction in living
expenses. The specific character of the use of
the land as the main means of production in
agriculture has a particular impact on the use
of agricultural machines [3], [9], [14].
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Agricultural machines need to meet the
following requirements:

-provide  qualitative ~ working indices
according to the requirements of modern
agriculture

-execute as many technological work

operations as possible

-have a multifunctional character (i.e., allow
different working equipment to be adapted to
the basic machine)

-be highly reliable

-be able to perform high precision works
without loss of materials or crop

-ensure the mechanization of all operations
within the technological production processes
at a high coefficient of safety in operation and
at a low production cost [6], [8].

Agricultural machines are fundamentally
distinguished from machines used in other
branches of the economy and especially those
used in the processing industry since they
work with living organisms (plants), with
non-homogeneous  materials in  which
different physical, chemical and biological
processes take place [11], [16].

This needs certain requirements, specific only
to agricultural machines, namely, that the
technological processes executed by them
create optimal conditions for plant
development according to agro-biological
requirements for agricultural production [1],
[10], [18].

MATERIALS AND METHODS

The preparation works of the germination bed
were carried out at the "December 3,1990"
commercial company from Periam, Timis
County. The germination bed or the soil layer
to be sown corresponds qualitatively if the
following conditions are met:

-it has an adequate depth in relation to the
species to be sown

-it is shredded, without large bulges and the
surface is levelled

-it is aerated and moist on the depth of sowing
-it is devoid of weeds and vegetable residues
on the surface.

The optimum depth of the germination bed is
equal to the sowing depth or to maximum 1-2
cm deeper, but never less.
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With the increase of the moving speed of the
aggregate, the working depth decreases. At
the first passage over the land, the working
depth is uneven; it increases significantly at
the second passage, when a uniformization of
the surface occurs.

The degree of soil shredding when preparing
the germination bed must be normal, i.e., no
more than 5-7% bulges below 5 cm on the
surface of the soil: 5% of them can even
exceed this size if they do not prevent the seed
incorporation into the soil and if they allow
keeping row distance, for example in cereals.
Soil shredding should not be exaggerated; if it
can be sown under optimal conditions and the
seed does not remain on the surface of the soil
and the remaining bulgedo not prevent the
emergence, we can appreciate that the
shredding was good.

A good preparation of the germination bed
allows the seed to be covered with a well-
aerated, heated soil layer and stand on a stable
soil with favourable humidity.

The lack of weeds and vegetable residues on
the surface of the soil and on the depth of the
germination bed gives it the appropriate
quality to be sown.

Through the works that are done when
preparing the germination bed, the weeds
must be destroyed by cutting, detached from
the ground and not only covered with a thin
layer of ground, from where they can
regenerate.

When preparing the germination bed on land
with rich vegetable debris, the disc harrow
should not get clogged and from place to
place to be raised to not accumulate the
vegetable debris.

In addition to the strict quality elements of the
germination bed, depth, levelling, humidity,
lack of weeds, some general agrotechnical
rules should also be respected, which compete
both to improve the quality of the germination
bed and to increase the productivity of the
aggregates used.

Generally, land surfaces have a series of
greater or smaller bumps, which prevent the
incorporation of the seeds at the same depth,
resulting in an uneven crop with holes. There
are a series of cultures that require a perfect
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levelling such as: clover, alfalfa, rapeseed,
sugar beet, soy, etc.

The levelling can be done after the autumn
ploughing, so that in spring, with less soil
works, a good germination bed is ensured for
the early spring sowing.

Larger bumps are removed with the help of
machines with a more complex construction.
In our country, they experienced with good
results two traction levels: one with a working
width of 2.80 m and another one with a
working width of 4.25 m.

The easiest levelling or smoothing is made
with a simple machine, which is a heavy iron
or wood bar with a square or rectangular
section. The levelling work with such simple
machines is executed in aggregate with the
coulter harrow, before the sowing.

In the time interval from ploughing to sowing,
a significant amount of water is lost by
evaporation that needs to be completed by
irrigation; otherwise, there will be crop losses.
The preservation of water in the soil can be
achieved by its superficial mobilization, the
shredding of the bulges and the interruption of
the capillarity between the 2-3 cm-surface
layer, which dries, and the rest of the soil that
retains its water. The soil layer from the
surface prevents soil drying over a greater
depth.

In the interval from harvest to sowing, the
weeds are destroyed by the processing of the
fields and the preparation of the germination
bed. The effect is maximum when the weeds
are still young, barely rising, and the soil is
dry. In wet soils, the weeds remain in the soil,
even if it has been mobilized, the roots are
quickly restored and the plant continues to
vegetate.

The last work of preparing the germination
bed must be performed on the day of the
sowing or no more than 1-2 days before
sowing for several considerations, one of
which is the destruction of weeds to avoid
their competition during the rising period with
the cultivated plant [19], [21].

The rational use of the power of the tractor is
one of the means of reducing energy
consumption in agricultural works.

The loading coefficient of the tractor (the ratio
between the actual power developed by the

engine and its nominal power) need to range
between 0.8-0.9.

In tractors that develop power, only in traction
there is a direct connection between this
coefficient and the use of the tractor.

The coefficient of use of the power developed
by the tractor engine (the ratio between the
power developed by the engine to perform the
useful work and the total developed power)
must be maintained within 0.9-0.95. This is
obtained by the composition of dynamically
balanced aggregates with reduced masses in
the rotational movement and with its own
reduced mass [4], [5].

Equipping tractors with technical means for
their use in optimal parameters (additional
weights, double wheels, semi-caterpillars)
mechanical and hydraulic devices for
increasing adherence

The composition of aggregates with optimal
operating parameters is also an important way
to reduce diesel consumption.

One can choose an optimal ratio for the work
speed and the width of the aggregate,
considering that, at high working speeds, the
energy consumption is higher, and at
increased work widths, consumption is lower.
The composition of complex aggregates,
which will perform several works on a single
passage

Aggregates with which three or five works
can be performed at a single passage. These
aggregates are energetically advantageous
and, with them, one can perform good quality
agricultural works during optimal
agrotechnical periods.

Fuel consumption in agricultural works with
complex aggregates is lower by 20-50%
compared to the consumption registered with
the works performed with individual
agricultural aggregates [12].

The realization of organs of agricultural
machines and machines with  which
agricultural  works with  low energy
consumption can be performed

Use of vibrations when processing the soil,
processing of work organs to reduce friction
Promoting, in production, of technologies
with low energy consumption and eliminating
some intensive energy works:
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-higher by 15-20%, it turns out that the
gliding exceeds 15%; it is necessary to reduce
the working depth or itswidth.

-lower by 15-20%, it turns out that the gliding
is lower; the depth or width can increase.

[13], [15], [1].

RESULTS AND DISCUSSIONS

For the work of preparing the germination
bed, a John Deere tractor with 60 HP engine
was used in good working condition.

The tractor was provided with a device for
determining fuel consumption, as well as two
weights of 47.5 kg each, mounted on the
engine wheels.

The mass of the tractor prepared for trial was
3,750 kg.

The air pressure was regulated and kept
constant during the experiments at 1.2 atm
(1.18 bDar). Initially, the engine regulator
feature was also raised.

The data and regulator characteristics are
presented in Table 1.

Table 1. Data on the John Deere 60 hp engine regulator
feature

Values measured Values calculated
Tr?;gr Sreak | Fuel | Trial eﬁgeﬁ]'e Hourly fuel | Specific fuel | =091®
turzri]tlon F ct;njugsd du;atslon power corgulr(ré%lun CZZS%TF?S}T M, m,
(rot/r'nin) (daN) ’ ' HP ’ ’ daN
1950 110 39.60 50 3.00 2.85 950 110
1918 8.40 80.80 60 22.50 4.85 218 8.30
1900 | 15.45 88.00 44 41.00 7.20 176 15.45
1865 | 24.00 | 191.72 68 62.00 10.15 163 23.90
1850 | 24.19 | 137.50 45 62.50 11.00 176 23.20
1825 | 25.40 | 230.40 70 64.70 11.85 183 25.40
1800 | 25.80 | 262.16 78 64.85 12.10 186 25.90
1795 | 25.85 79.33 24 64.80 11.90 184 25.90
1705 | 26.88 80.55 25 64.00 11.60 181 26.90
1605 | 27.84 | 190.00 60 62.40 11.40 18-2 29.90
1440 | 28.60 | 151.50 54 57.50 10.10 176 28.60

Source: Own determination.

The actual work for establishing the optimal
working regime was executed on a plot with
an area of 1.5 ha.

The soil was a chernozem, the land has a 3°
slope in the NW direction.

The previous culture was winter wheat.

The stubble was ploughed 30 cm deep.

The ploughed land remained totally devoid of
weeds, to be sown with the 2" crop.
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The machines in the aggregate (GD 3,4
harrow, levelling blade) were in good
condition, being checked and adjusted.

The angle of tilting of the batteries with discs
from the GD-3,4 harrow was 15°.

After the aggregates were checked and
regulated, 1.5 ha was worked, after which the
appropriate adjustments were corrected.
Working parameters

The average working depth for the four
speeds, for which the measurements were
made is shown in Table 2.

The working width is 3.4 m. This value
resulted in that the tilting angle of the batteries
from GD-3,4 was maximum 15°.

The degree of soil breaking up was
determined with the relationship:
Gms: Msc/MstX 100 (%) .......................... (1)

where:

Msc = mass of clogs larger than 5 cm

Mgt = total mass of aerated soil

The values of the degree of breaking up for
the four speeds are shown in Table 2.

It is found that, at higher work speeds, its
values increase and vice versa, as the speed of
the aggregate decreases, the degree of
shredding decreases.

The degree of soil aeration was determined
with the relationship:

as — hm/am x 100 (%) ............................... (2)
where:
hm = height of soil level after the passage of
the aggregate

am = average work depth

The values determined for the four speeds are
shown in Table 2. It is found that the values of
the aeration are raised due to the maximum
angle of tilting of the discs, as well as the
existence of the harrows in the aggregate.

The degree of soil levelling was determined
with the relationships:

GnS = hmd-hciix 100 (%0)...ccveveieeiireenne 3)
Gms= (hmd'hmi)/hmiloo Qe (4)
where:
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hmi = average distance from soil surface to
rule before the passage of the aggregate (cm)
hma = average distance from soil surface to
rule after the passage of the aggregate (cm)
The values of the levelling degree calculated
following the measurements performed are
shown in Table 2. An increase in the levelling
degree is observed with the decrease of the
speed of advancement of the aggregate.
However, the high values of the levelling
degree are due to the presence in the
aggregate of the levelling blade.

The degree of weed destruction was not
determined, as the land was deprived of
weeds, its preparation for the sowing being
done immediately after the ploughing.

Table 2. Values of qualitative working indices

Average
vork depth of |Aggregate Soil Soil
Gea | the J.D. 60 | working [|aeration |breaking

r [CP+GD34 | width degree |up degree
Level. +2 B1(m) (Gms%) | (Gns%)

Weeds
Soil control
levelling |degree
degree % | Gas
(%) x

GCR 1,7 cm
EL 979 335 | 3250 | 6230 | 40.10
V. 9.72 335 | 3290 | 6240 | 40.30
Wi| 987 335 | 3320 | 6010 | 41.40
IR| 984 335 | 3400 | 6020 | 4153

X) The land was prepared immediately after the ploughing for
the second crop and therefore it was deprived of weeds
Source: Own determination.

Energy indices

The working speed was established by timing
the time to travel the distance of 100 m for the
four speeds, with the relationship:

VRN DS AN (<111L0) W ()

where:

S = distance covered =100 m

T =time in sec.

The qgliding of the motor wheels was
established with the help of the relationship,
where we determined the skating for the four

A

speeds (IILR, IV. 1, IIL. L, IL.R):

0= (1'15 - ng)/ns ............................................. (6)

where:

ns = average number of rotations in operation
n, = average number of rotations at rest

It is found that the values of the gliding fall
between the limits allowed (15-20%), the
highest value being in the speed IV 1.

The hourly fuel consumption (G) was
determined with the speed and skating using

the  consumer  apparatus, using the
relationship:
G=3.6/txXVXg(Kgh).iiriiriiiiennn (7)
where:

V = volume of fuel consumed (cm)

g = specific weight of Diesel (g/cm?)

t = trial duration (5).

The determinations were made for the four
speeds.

There is a decrease in the hourly consumption
of fuel at the lower speed.

The effective power necessary for the
aggregate (Nef) was determined from the
engine regulator feature, which equipped the
tractor based on the obtained fuel
consumption. Also from the regulator
characteristic, the value of the nominal power
(Nm) was established.

The loading of the engine (I) was determined
by reporting the values of the two established

powers above Nef and Nm, with the
relationship:
1 = Net/NmX 100 (%0)...ccereieiiiiiiiine (8)

The values of the engine loading degree are
passed in Table 3.

The traction power (Nt) of the aggregate for
each gear was calculated separately with the
relationship:

Ni= (Rin X VY270 (CPY.rrvoovveveeeeeeeseneeen 9)

where:

Rin = resistance to ii action of the aggregate;

V = working speed for each of the four gears
In order to have a clearer image on how to use
the nominal power of the engine, the power
required to self-deposit the tractor was
calculated (Ny).

Operation trials

Analysing the results presented above and
taking into account that the tractor engine does
not work in overload (liLR), it can be
established, that the optimal working regime in
a heavy soil with soil humidity up to 18-20%
on plane or slope of maximum 6° would be:
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-working with 9.84 cm
-working speed 5.6 km/h (11.R)
-aggregate resistance 1,128 daN
-gliding 12.9%

performed in the unit of time is represented in
Table 6.

Table 5. Coefficients of time use

- L. Value
-hourly consumption 9.7 kg/h Symbol Name Definition (min.)
H H Coefficient of operative time
It can also be seen that, from the point of view ko2 | P Ko2=T1T02 | 0910
of the degree of test of the engine (without K03 Coefficient of total operative | o3 - T.y1o3 | 0877
. h . . ime use
working in overload), the optimal working s Coefficient of production | . c0s _ 11704 | 0.645
H H : H time use "~ )
regime previously is appropriate. K07 | Coefficientofshift time wse | _KO7=TLT07 | 0510
The operation of the work aggregate John ko [ Coetficientof retumn K2L=Ti/(ruTa) | 0910
Deere + GD-34 + 2 GCN-1,7 and time K23 Coefficient —of technical | 53 1, /7, T23) | 0956
. maintenance
element are shown in Table 3. o Coefficient of technological |, — o T o
safety of machine organs — R :
A ) K42 Coefficient of  technical K42 = To/(T1+Ta2) 0872
Table 3. Elements of working time safety T '
Symbol and name Time Value(min) Coefficient of operational _
The time during which the aggregate having K4 safety K4 = Ti/(T1+Ta) 0.722
Ti = real working time wgrka(;triglceesgodies under load, executes the 1,890 SOUrCE: own determination.
The time during which the aggregate moved in
T21 = return time the voi_d, at the ends of the plot, executing the 188 i i
return in charge _ : : Table 6. Working capacity of the aggregate
The time in which the daily technical Val
T31 = time for daily|maintenance operations were performed, in epe alue
technical maintenance order to maintain the aggregates in working 8 Symbol | Name Definition (ha/h)
condition -
T41 = time for|The time used to remove the clogging of Hourly worklng -
technological deficiencies |active organs 452 Wer capacity in real time Wes = U/ Ty x 60 1.590
_ . The time used to diagnose and remove the f
T = time for - A Hourly working
. L hnical defects that d h f 278 : . .
technological deficiencies f;ﬁ”?i'ﬁg maec?:i:nses iﬁ a‘;zcr:g:te in the group o Wz capacity in operative | Wo,= U/T02 x 60 1.080
Ts = time for|- _ . time
technological deficiencies Te=Tai+ T42 730 Hourly working
The time used to diagnose and remove the : . _
Ts = time for staff technical defects that occurred in the group of 312 Wos capacn_ty . intotal Wos = U/To3 X 60 1.390
working machines in aggregate operative time
To1 = time for movingfro e \yhen the a Hourl workin
ggregate went away from y 9
;r:diiZZa\(ligrlgzners to plot the mechanization section 468 Woq CapSCitY . in Wos = U/Tos X 60 1.040
;7 in:t rt]lmne fotrthtecrrl]mrcal The time in which daily technical maintenance 38 pro uction time "
SO?JFC: ance at the energy |, serations were performed at the tractor W, Hourl_y o wc_)rklng War = U/Tor X 60 0.808
S —Own determinati o capagcity in sift time o o )
ource: Own determination. w, | Working capacity W, = U/T x 60 1.010

The grouping of working time elements
represents the structure of the work time
presented in Table 4.

Table 4. Structure of working time

Symb Name Definition Va} ue

ol (min.)

T02 Operative time TO2" Ti+T21 2,078

Tog | Total operative | a5 o5 T3 2,158

time

TO4 Production time TO4"TO3+ T4 2,888

T07 | Timeofshift | 1077 103X TOHTOL I 5705
Performance T=Ti+ Tyt To+ Tt

T time Tet T7 2,976

Source: Own determination.

The coefficients of time use, which constitute
operating indications that characterize the
activity during the working time in order to
appreciate the aggregate, are represented in
Table 5. The working capacity of the
aggregate representing the working volume
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Source: Own determination.

Fuel consumption per ha was established
using the formula:

where:

Q =365 kg — total fuel consumption
U = 1.5 ha—work volume

Cha = 365/50 = 243.33 kg/ha

CONCLUSIONS

Following the trials of the aggregate formed
by the John Deere tractor and the GD-3,4-disc
harrow provided with a levelling blade and
two harrows, conclusions and
recommendations can be formulated:

- In the 3" gear, rapid range, the aggregate
cannot work because the traction force
developed by the tractor is greater than the
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sum of the traction resistance of the aggregate
machines and the resistance to self-
deployment of the tractor, which makes the
engine operate in overload;

- In the 4™ gear, slow range, the aggregate
can no longer work because the engine load is
98.5%, very close to the maximum load. In
fact, in the operating tests it was not possible
to work in this gear because, when larger
irregularities of the land appear, the engine
enters the overload, reducing the speed and
power;

- In the 2" gear, fast range, the aggregate
can work because it performs a 92% engine
load and a sliding of 12.9%;

- In the 3 gear, slow range, the aggregate
can work; however, the engine load is only
83%, and the capacity is lower than in the 2"
gear, fast range;

- The preparation of the land for the 2" crop
in heavy soils should be done at the same time
with ploughing or immediately after the rain,
otherwise the formed clogs become very
compact, they can no longer be crushed,
producing frequent clogs on the disc harrow
(that is why the value of the coefficient K41 is
low);

- The levelling blade is useful only under the
conditions shown under point 5, otherwise
there is a large agglomeration of clogs in front
of it, the levelling effect decreases, and the
traction resistance of the aggregate and the
fuel consumption increase;

- In heavy soils, in general, the adjustable
coulter harrows do not resist, many defects
appear, and the time for their remediation
increases (that is why the value of the
coefficient K42 is low). Therefore, we
recommend for heavy soils the use of flesh
hob fields (GCM);

- The scraping knives from the batteries with
discs become inefficient and, in the case of
clogging, the clogs attached to the discs stop
blocking the entire battery. When the soil
humidity does not exceed 20%, we
recommend the use of the disc harrow without
scraping coulters;

- Productivity at shift time (Wo7) is low in
relation to productivity in real time (VVef).

- The value of fuel consumption per ha is
high due to the increase in the resistance to

fraction of the aggregate by using the
levelling blade and of the deficiencies that
appear, as well as the increase of the operating
time of the tractor while cleaning and of the
returns at the ends of the plot 1, M;

- Finally, we consider that the aggregate
formed by the John Deere tractor with GD-
3,4-disc harrow provided with levelling blade
and two GCR-1,7 harrows can work in heavy
soils with a humidity of up to 20%, on plane
field or with a slope below 6°, the optimal
working regime having the following energy
and productivity indices:

¢ Resistance to traction — 1,128 daN;

e Hourly fuel consumption — 9.7 kg/ha;

e Engine load — 92%;

e Working speed — 5.6 km/h corresponding
to the 2" gear, fast range;

e Gliding — 12.9 %j;

e Productivity — 0.808 ha/h (6.64 ha/8 h);

e Fuel consumption per ha — 7.31 kg/ha.
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Abstract

The paucity of information on the efficiency of organic food crops deters relevant interventions to enhance their
production in order to address the health risks associated with inorganic food items. This study, therefore,
investigated the technical efficiency, identified the factors influencing the productivity of organic maize farming, and
measured the factor efficiency or resource productivityof organic maize farming in Nigeria. This study used data
obtained from 480 organic maize farmers and analysed it using descriptive statistics, a stochastic frontier
production function, and return to scale. The results revealed that organic maize farms had an average technical
efficiency of 0.76, showing there is room for improvement. Organic manure, labour, seeds, education, extension
contacts, and farm size significantly contributed to the technical efficiency of organic maize farming production. To
improve and maintain the continuity of organic maize farming practices, farmers need to form and belong to farm-
based organisations, where government and non-government organisations can support them, to facilitate the

promotion of organic-based farming knowledge and obtain financial assistance.

Key words: food safety, maize production, Nigeria, organic agriculture, technical efficiency

INTRODUCTION

The use of agrochemical farming inputs such
as inorganic fertilizers, herbicides, fungicides,
and pesticides in conventional agriculture to
increase agricultural output increases soil
acidity and poses serious threats to humans,
animals, natural resources, and the
environment [7, 12, 16]. The use of inorganic
inputs in conventional agriculture results in
the poisoning of about 30 million people,
leading to the death of 220,000 people yearly
[31]. This increases the consumers' and
policymakers’ interest in safe and healthy
foods. Organically produced food is thus an
important solution to this menace. Organic
foods are produced using methods of
production that minimize human, animal, and
plant health risks and have no negative impact
on the environment [24].

The demand for organic foods has increased
due to an increase in awareness of
environmentally friendly and healthy foods
[37, 43]. Organic farming in developing
countries is growing due to increasing demand
in European and North American markets [6]

and an increase in organic food consumption
globally [13]. Therefore, there is a need to
increase organic farming to meet the demand
for healthy foods with low risk. One of the
most widely consumed food crops by humans
and animals is maize. It is the leading cereal
in Nigeria and its production serves as a
means of livelihood for many people,
especially rural dwellers.

Due to the economic value of maize to
humans, for instance, as food, livestock feed
and raw materials for industries, more
attention has to be given to its method of
organic cultivation to achieve its quality and
healthy output. There is a need for organic
maize farming to curb the health and
environmental issues in the use of chemical
inputs. Many organizations like the Food and
Agricultural Organization, the International
Federation of Organic Agricultural
Movements, and the Organic Farmers
Association advocate the use of organic
materials for farming because of its economic
value.

The benefits of organic practices have been
proved in many ways. The use of organic
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manure, under organic farming, tends to
increase soil pH. Organic materials also serve
as the essential constituent of the soil, which
is present in a variety of forms, ranging from
animal and plant material. Effective use of
organic manure enhances fruiting in maize,
increases maize curb size and optimal yield
will be achieved [39, 40]. Generally, organic
farming reduces the risk of crop failure that
can occur due to adverse weather conditions
and advent of climate change [27, 41].

Despite the importance of organic maize to
human health, most studies have concentrated
on maize production from conventional
agriculture [2, 10, 17, 18, 23, 26, 28, 29,34,
35, 36, 44]. The technical efficiency of
organic maize farms is less documented as the
available studies on the technical efficiency of
organic farming did not focus on maize, thus
creating a gap in the technical efficiency of
organic maize farming, especially in Nigeria.
For instance, Gogoi et al. [25] assessed the
technical efficiency of tea farming in Assam,
India. However, the few available studies on
organic  maize production were on
experimental farms which were viewed from
the agronomic point of view. For instance,
Adamteya et al. [1] used established trials in a
field experiment to compare the vyield of
organically produced maize and
conventionally produced maize in Kenya.
Similarly, Mucheru-Muna et al. [30]
established experimental trials at two sites in
Kenya to examine the effects of various
organic nutrient sources on maize revenue and
yield. Choudharya & Kumar [15] also set an
experiment using a randomized block design
with six treatments to examine the influence
of organic nutrients on the yield and growth of
maize in India. Therefore, this study intends
to fill this gap and add to the existing
knowledge on organic farming.

From the foregoing, the present study adds to
literature by using data from organic maize
farmers to assess the technical efficiency of
the farms. Specifically, the study assessed the
technical efficiency of organic maize farming,
identified the factors influencing the
productivity of organic maize farming, and
measured the factor efficiency or resource
productivity of organic maize farming. These
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would help farmers, researchers, extension
agencies, government parastatals, as well as
various policymakers with empirical evidence
on technical efficiency of organic maize
farming. This will, in turn, serve as a policy
material for organizations and the government
at large to enhance organic farming and food
safety. It will also serve as a reference
material for individuals willing to undertake
research into the efficiency of organic maize
farming.

MATERIALS AND METHODS

Study area

The study area is Nigeria. Nigeria lies
between longitudes 3° and 14° East and
latitudes 4° and 14° North and has a total land
area of 923.768 km? [32]. Agriculture is the
major source of employment and livelihood,
employing 70% of the population.
Samplingtechnique and data collection

The respondents were selected using a multi-
stage sampling technique. It involves a
purposeful selection of two leading states
(Niger and Kaduna) in maize production, in
stage one. After this, a random selection of
four local government areas (LGAS) was done
from each state. This is followed by selection
of three communities from each LGA,
randomly. In the fourth stage, twenty organic
maize farmers were selected from each rural
community using the snowball technique; this
gave a total of 480 respondents.

Data was collected through the administration
of questionnaires to the organic maize
farmers. Data was collected on socioeconomic
and production characteristics. The data
includes age, gender, monthly income,
primary and secondary occupation, household
size, level of -education, marital status,
membership of farmer-based organization,
years of farming experience, total farm size
for organic maize cultivation, and access to
extension services by the farmers. The
variables were selected based on the design of
the research and literature. Also, information
regarding organic maize farming was sought
from the respondents. It includes the quantity
of inputs used in its production. Data was
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collected in February and March 2021 by the
researchers and trained research assistants.
Methods of data analysis

Descriptive  statistics, stochastic frontier
production function (SFPF), and return to
scale (RTS) were means of data analyse.
Descriptive statistics

Descriptive statistics is a statistical technique
that produces figures or numbers that describe
or summarize a set of data. The descriptive
statistical analyses used were the measure of
dispersion and a measure of central tendency
such as percentage, frequency distribution
table, and mean. This was used to present the
findings of organic farmers’ technical
efficiency.

Stochastic frontier production function
(SFPF)

To investigate the productivity of organic
maize farming and determinants of its
efficiency, the Cobb-Douglas form of the
SFPF was used. This has been widely used in
previous studies as it meets the requirement of
being self-dual [8, 9, 17,19, 25, 38, 42]. It can
also be used to estimate the returns to scale in
a production function.

The model is implicitly specified as:

Y=fX,B)+Vi—

The technical efficiency model is explicitly
represented as:

lnY = BO + ﬁllnXl + ﬁzlnXZ + ﬁngng

where:

In = natural logarithm

Y =Yield of organic maize (kg)

X1 = labour (man/days)

Xz = seed (kg)

X3 = quantity of organic manure used (kg)

X4 = farm size (hectares)

B1-B4 = coefficients

Bo = constant

Vi-Ui = composite error terms

Vi is the random variables that are
consideredindependent of ui. It is normally
distributed with constant variance and a zero
mean N (0, § v?). It accounts for error
measurement and other factors which are not

under the control of the organic farmer such
as disease and weather.

Ui = non-negative random variables that are
considered to be independent of vi. They
account for the technical inefficiency in
organic maize farming. The inefficiency of
organic maize farming, Ui, is modelled in
terms of the factors related to socioeconomic
features of the organic maize farmers assumed
to influence the efficiency of organic maize
farming. The model was jointly estimated
with equation (3) and is expressed as:

Ui = 60 + 6121 + 6222 + 6323 + 6424_
+ 6525

U; = technical inefficiency

Z; = Farming experience in years
Z,=Farmers’ age in years

Z3= Household size (number)

Z4= Education (years)

Zs = Contact of extension agent (number of
contacts)

8, (intercept) and &,_: (coefficients) are
parameters to be estimated.

The gamma (y) will be determined. This is the
percentage of output divergence from the
frontier caused by technical inefficiency. The
sigma square (82) will also be estimated. It
indicates the model’s goodness of fit and the
correctness of the distributional assumption.
Returns to scale (RTS) in organic farming
production

Measurement of factor efficiency or resource
productivity was done using RTS. A measure
of RTS s calculated by summing the
regression coefficients of the predicted
functions of all independent variables in the
frontier production function. It is expressed
as:

where:

RTS = Returns to scale

B = regression coefficient.

If RTS > 1, it suggests an increasing RTS
If RTS <1, it suggests decreasing RTS

If RTS =1, it suggests a constant RTS.
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RESULTS AND DISCUSSIONS

Technical efficiency levels of organic maize
farms

Table 1 presents the level of technical
efficiency of the organic maize farmers. The
value ranged between 0.47 and 0.95 with an
average of 0.76. The average technical
efficiency implies that there is still a gap of

0.24 (or 24%) between the current organic
farmers’ technical efficiency and the
production frontier. This suggests that if the
efficiency of input usage by organic farmers is
increased by 24%, the organic maize farmers
will be operating on a production frontier.
Further analysis revealed that 60.8 per cent of
the farmers were operating above this
average, while 39.2% were operating below it.

Table 1. Distribution of the organic farmers by technical efficiency

Technical efficiency Frequency Percentage Minimum Maximum Mean
0.41-0.50 10 2.1 0.47 0.50 0.49
0.51-0.60 45 94 0.57 0.60 0.59
0.61-0.70 101 21.0 0.63 0.68 0.66
0.71-0.80 185 38.5 0.74 0.79 0.77
0.81-0.90 91 19.0 0.86 0.90 0.88
0.91-1.00 48 10.0 0.91 0.95 0.93
Sample 480 100 0.47 0.95 0.76

Source: Field survey, 2021.

Productivity of organic maize farming
Efficiency estimation

The maximum likelihood estimates of the
organic farmers is presented in Table 1. The
estimated variance (5%) was significant. This
indicates the correctness of the specified
distribution assumption of the composite error
term and the goodness of fit. In the same vein,
the estimated gamma (0.9532785) was
significant. This indicates that 95.3% of the
total difference in the farm vyield of the
organic farmers was due to technical
inefficiency. Furthermore, the coefficients of
organic manure, labour, and farm size were
positive and significant, while that of seed
was negatively significant.

The positive coefficient of organic manure
indicates that it has a direct relationship with
organic maize output. This implies that a
proportionate increase in the use of organic
manure while other explanatory variables
remain constant will result in an increased
organic maize output level. The result
indicates that the use of organic manure
would result in a higher yield of organic
maize farming production, all things being
equal. This could be because the output of
crops depends on the soil nutrients; thus, the
use of organic manure will enhance soil
nutrients and consequently increase the
organic maize yield. This conforms to the

220

findings of Gogoi et al. [25] that organic
manure increases the total output. Anang et al.
[5] and Uuld et al. [38] also stated that crop
output is heavily dependent on manure.

The estimated positive coefficient of labour
shows a direct relationship between labour
and organic maize output. This result shows
that an increase in labour usage will increase
organic maize farming output. Labour is
crucial in agriculture, especially in developing
nations where the most farmers use crude
implements [14, 33]; thus, as efficient labour
usage increases, farmer efficiency and output
increase. This supports Bozoglu and Ceyhan
[11], Anang et al. [5], and Uuld et al. [38].
The negative coefficient of seed implies that
an increase in seed usage by farmers will not
necessarily increase the output of organic
maize. As the farmers increase the quantity of
seed used per hectare, a diminishing marginal
return sets in. This could be because organic
maize farming has a specific planting space
(75cm by 50cm) which is being used in the
study area. Thus, any increase in seed rate per
hectare will cause overpopulation of the crop
and competition for space and nutrients,
which, in turn, may lower the efficiency and
productivity of organic maize farming. A
similar finding was also reported by Bairagi
and Mottaleb [8] that seed negatively affected
farm production efficiency.
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The positive sign of the farm size shows that
farm size contributes immensely to the
technical efficiency of organic maize
production. An increase in farm size will
increase the efficiency level of organic maize
production. This could be due to the
enjoyment of economies of scale, which is

possible at large farm sizes. Farmers will buy
the required inputs at a cheaper rate, which
will, in turn, enhance their production
efficiency. This supports Bidzakin et al. [9]
and Uuld et al. [38] that farm size (land)
enhances productivity.

Table 2. Maximum likelihood estimates of the SFPF of organic maize production

Variables Coefficient Standard Error z P>|z|
Efficiency model

Constant 10.3581 1.2863 8.05 0.000
Labour 0.2109** 0.0833 2.53 0.012
Seed -0.4496*** 0.0988 -4.55 0.000
Organic manure 0.0011** 0.0005 2.23 0.026
Farm size 0.2037*** 0.0349 5.84 0.000
Inefficiency Model

Constant 1.0927 0.9883 1.11 0.269
Age 0.0647 0.2999 0.22 0.829
Household size 0.3401 0.2218 1.53 0.125
Farming experience -0.1703 0.1085 -1.57 0.177
Level of education -0.1644*** 0.0596 -2.76 0.006
Extension contacts -0.0371** 0.0371 -2.15 0.042
Sigma-squared (82) 0.9298*** 0.2227 4.17 0.000
Gamma (y) 0.9533*** 0.2749 3.47 0.006

Wald chi2(3) = 7.92
*p< 0.1; **p< 0.05; ***p< 0.01
Source: Survey data, 2021.

Prob > chi2 = 0.0477

Inefficiency estimation

The inefficiency factors were chosen to reflect
the  farmers'  unique  socio-economic
conditions. Negative coefficients imply that
the variables increase the efficiency of organic
maize production, whereas a positive
coefficient indicates the opposite, that is, it
reduces the efficiency. As shown in Table 2,
educational level and extension contacts were
negatively  significant.  The  estimated
coefficient of the educational level was
negative concerning the inefficiency of
organic maize production. This suggests that
the technical efficiency of organic maize
farming increases as the educational level
increases and vice versa. Thus, educated
farmers were more efficient in organic maize
farming. This could be due to educated
farmers being well informed on technical
know-how, adopting innovation, and
obtaining agricultural information [20, 21,
22], resulting in production near the frontier.
This agrees with Gogoi et al. [25], and Wu
[42] that formal education increases crop
production efficiency.

Log likelihood = -132.3770

Contacts with extension agents influenced
organic ~ maize  farming inefficiency
negatively. This implies that access to
extension services increased the technical
efficiency of organic maize production.
Farmers who had access to extension services
were more efficient in organic maize farming
than those without extension contact. This
could be a result of information on best
farming practices, innovation, training, and

technical  support gotten  from the
extensionists [3, 4]. This supports Falola et al.
[19] that extension contacts increased

production efficiency.
Returns to scale
production

The result of returns to scale used to measure
resource productivity or factor efficiency of
organic maize production is presented in
Table 3. The return to scale was -0.0339. The
negative sign of the computed RTS indicates a
decreasing return to scale. This shows that
organic maize farmers stopped their
production when the average productivity of
variable resources was declining and total

in organic farming
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physical product reached its peak but
increased at a decreasing rate. This is a
rational, optimal, and economical stage of

Table 3. Returns to scale of organic maize production

production. The result implies that the organic
maize production resources were efficiently
utilized by the farmers.

Variables Elasticity
Labour 0.2109
Seed -0.4496
Organic manure 0.0011
Farm size 0.2037
RTS -0.0339

Source: Survey data, 2021.
CONCLUSIONS

This study investigates the technical
efficiency of organic maize farming. The
study showed that organic maize farms had an
average technical efficiency of 0.76, showing
that there is room for improvement on the part
of the farmers. The analysis of the drivers of
productivity of organic maize farming reveals
that the use of organic manure increases
maize yield, whereas increasing labour and
seeds does not necessarily increase organic
maize output per hectare. In addition, farmers’
educational level, extension contacts, and
farm size enhance the technical efficiency of
organic maize farming.

This study recommends the encouragement of
farmers to form and belong to cooperatives or
farm-based organizations to facilitate the
promotion  of  organic-based  farming
knowledge among themselves. Adequate
funding should be provided by governments
and NGOs to enhance judicious research in
developing feasible and sustainable organic
agricultural practices. They could also,
through relevant ministries, assist in efficient
monitoring and evaluation of the production
systems in organic farming. Also, efforts
should be geared towards improving the
educational level of the farmers, as this will
increase their level of technical efficiency.
This could be done through organizing
literacy programs for the farmers.
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Abstract

This study discusses the result of a life cycle assessment (LCA) for three Egyptian aquaculture farms categorized as
semi-intensive culture. The cradle-to-grave system was used to calculate the overall carbon footprint of fish unit
production. The major data came from a study of three feed factories in Egypt, which included a wide range of feed
manufacturing and agricultural practises in order to reveal the varied greenhouse gas (GHG) emissions. Pre-farm,
farming, and post-farming were the three stages of the life cycle assessment. Feed manufacture, which was
primarily tied to the production and processing of raw materials, was the largest source of GHG emissions for all
three processes. GHG emissions were also produced during the transport of raw materials to the factory. GHG
emissions were also produced during the transportation of raw materials to manufacturers, as well as feed from
factories to fish farms, via ship or road. Energy consumption in feed factories varies due to variances in design
technology and manufacturing efficiencies. Feed conversion ratios (FCR) have a significant influence on GHG
emissions since more feed is required to produce one kilogramme of fish. The kind of packaging material and
energy utilised in the factories had an impact on GHG emissions, as each type had a distinct emission factor (EF).
Aside from fingerling production, there are direct and indirect N>O emissions, as well as post-farming operations
like packaging, ice serving method, and customer transportation. The conclusions of the investigation revealed that
According to the results of the study, the emissions linked with the three farms varied greatly. Hanafy farm had the
greatest emissions, with 3.265 kg COze/kg fish and 50.917 tonnes CO-e/Season, followed by Hashim farm with
2.259 kg CO.e/kg fish and 45.829 tonnes COze/Season, and finally Aly farm with 2.223 kg CO.e/kg fish and 38.864
tonnes COe/Season.

Key words: aquaculture, carbon footprint, life cycle assessment, green-house gas emissions (GHG),
climate change

INTRODUCTION Ethiopia, which supplies more than eighty
percent of the Nile River's water [23].

In Egypt, the volume of fish production in
2019 reached 2.0 million tons compared to in
2018 was 1.90 million tons, an increase by
5.4% owing to amount of farm production
fish increase, where its production come in the
first place, and its percentage reached 79.7%,
followed by Lakes, then marine waters, then
fresh water then rice fields. The value of fish
production reached 61.1 billion LE in 2019
compared to 48.3 billion LE in 2018, an
increase of 26.6% due to the increase in
production and prices [6].

Aquaculture can be definite as the farming
organisms from both the sea and the
freshwater. A definition of aquaculture as the
controlled production of aquatic animals such
as fish, oyster, and unicellular plants [26].

Egypt, out of all the Arab countries, is the
greatest sensitive to global warming. Climate
change representations project that rising sea
levels would flood significant parts of Egypt's
the Delta, risking Egypt's food security and
the livelihoods of millions of agricultural
workers. Key population areas, such
Alexandria and Port Said, are also in
jeopardy.  Furthermore, rising  average
temperatures may impede Egypt's ability to
grow enough food to feed its growing
population, producing further disruptions in
the agricultural sector, which now employs
over thirty percent of the country's workers.
Another danger is the influence of climate
change on rainfall patterns in highland
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Aquaculture has accounted for the majority of
net growth in fish output during the last
decade [8]. An aquaculture system can be
classified using a variety of characteristics. In
terms of economics, the most important
measure is intensity, or the distinction
between  intense,  semi-intensive, and
widespread kinds of culture. Stocking density,
production by area, feeding regime, and input
costs are all measures of intensity, but the
most interesting aspect is the degree of control
within the production process or according to
the fish farmed species of monoculture and
polyculture [2]. Semi-intensive earthen ponds
are the most common aquaculture practise in
Egypt. Intensive aquaculture farming has
increased in popularity in the last 15 years,
particularly in the deserts of northern Sinai,
based on agricultural drainage waters [12].
The majority of the aquaculture production is
obtained from semi-intensive fish farms in
earthen ponds, which are dispersed throughout
the Nile Delta region and concentrated mostly
in the Northern lakes (Manzala, Edko,
Burulus, and Maruit) area. The majority
production of aquaculture derives from semi-
intensive clay pond fish farms [25]. Semi-
intensive systems produce between 5 and 25
tonnes per hectare per year. The Nile tilapia is
the most widely grown fish in both tanks
besides ponds [22]. Intensive pond
aquaculture is currently displacing semi-
intensive ponds in significant areas. Small
earthen ponds of 3,000 to 6,000 m? used in
intensive pond systems, with an average
production of 14 to 25 tonnes/ha [11].
Increasing temperatures diminish dissolved
oxygen levels and raise fish metabolic rates,
resulting in a rise in fish fatalities, a decrease
in productivity or an increase in feed
requirements, as well as an increase in disease
risk and spread. Furthermore, climate change
may have an indirect impact on aquaculture
activity. Wide swaths of aquaculture ponds in

low-lying places, for example, may be
particularly vulnerable to sea level rise
inundation [10]. Increasing temperatures

diminish dissolved oxygen levels and raise
fish metabolic rates, resulting in a rise in fish
fatalities, a decrease in productivity, or an
increase in feed requirements, as well as an
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increase in disease risk and spread.
Furthermore, climate change may have an
indirect impact on aquaculture activity. Wide
swaths of aquaculture ponds in low-lying
areas, for example, may be particularly
vulnerable to sea level rise inundation [10].
The high levels of GHG emissions
documented for some aquaculture systems as
aquaculture in the top 21 fish-producing
countries generates 218 Tg CO2 carbon
dioxide equivalent which mean the amount of
CO2 equivalent to the quantity of GHG gases
associated with a process (CO2e) CH4 and 11
Tg CO2e N20 annually [29].

Due to their significant global warming
potential (GWP) (34 and 298 times more than
carbon dioxide (COz) over a 100-year time
horizon, respectively, methane (CHs) and
nitrous oxide (N2O) emissions are the most
relevant [18].

Aquaculture is anticipated to produce more
than 5% of total anthropogenic N2O emissions
by 2030 [19].

Earthen shallow fish ponds are GHG emission
hotspots, accounting for more than 80% of all
aquaculture GHG emissions [29].

Agricultural systems account for 10 to 12
percent of global total GHG emissions;
however, if all agriculture-related emission
sources are included, this proportion might
rise to between 17 and 32 percent (8.5-16.5 Pg
CO2e) [4].

LCA is a process for charting and quantifying
a product's environmental consequences
throughout its life cycle. The ISO 14000 set of
environmental management standards
includes LCA. LCA is all-encompassing since
it considers the entire life cycle, or production
system, as well as a complementary set of
environmental implications. Global warming,
acidification, eutrophication, ozone layer
depletion, and aquatic eco-toxicity are some
of the most common LCA impact categories
[3]. The assessment of the total quantity of
GHG emissions linked with a product along
its supply chain is known as carbon foot
printing (CF) [9].

As a result, a product's carbon footprint refers
to the product's total GHG emissions over its
entire life cycle, from raw materials to
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manufacturing, distribution, consumer use,
and disposal [7].

CF estimation results will vary greatly
depending on the methods used. The
following system boundaries determine the
life cycle stages [17]:

-Cradle-to-grave: covers emissions and
removals released throughout the product's
entire life cycle.

-Cradle-to-gate: includes emissions and
removals up to the point where the product
leaves the company.

-Emissions and removals in the supply chain
are included in the gate-to-gate approach.
-Partial CF: only emissions and removals
related to specific phases are included.
Publically available specification 2050 (PAS
2050), GHG Protocol, and ISO 14067 are the
three most widely used Carbon Footprint (CF)
standards in the world [5]. All three provide
standards and guidance for making decisions
during a carbon footprint analysis. All of them
are based on existing LCA methodologies
such as ISO 14040 and ISO 14044. LCA
problems like as aim and scope definition,
data gathering methodologies, and reporting
are all part of the decision-making process.
Furthermore, these criteria include
requirements for land-use change, carbon
uptake, biogenic carbon emissions, soil
carbon change, and green electricity, all of
which are important to the CF [24].

The main objectives of this study to estimate
Greenhouse gases for LCA of Egyptian semi-
intensive earthen ponds aquaculture and
calculating fish unit production of equivalent
carbon dioxide. Also, the annual emissions
associated with aquaculture from raw material
production across raw material transport and
shipping to factories. Besides, feed
manufacturing types and energy. As well as
on farm energy and feed consumption and
NoO emissions. Finally, post farming
emissions from packaging, ice serving and
transporting of final products.

MATERIALS AND METHODS

Materials

The current study established on three
aquaculture farms located in north of Egypt
these farms were Hanafy farm at Kafrelshikh
government, Hashim farm at Dakahlia
government and Aly farm at Elbehira
government as shown in Map 1 and Table 1.
There are three feed factories under study
located in Damro, 6th October and Baltim
cities. The aquaculture production system
common was the semi-intensive.

AN L i
Map 1. Location of aquaculture farms under study on
Egypt satellite map

Source: Google Maps.

In the three Egyptian semi-intensive earthen
pond aquacultures, the system boundary is
“cradle to grave,” and the life cycle
assessment (LCA) was chosen as the
environmental management technique to
analyze the net aquaculture production sectors
from a life cycle viewpoint, as illustrated in
Figure A.
In this study, the International Standards
Organization (1SO) 14040, 14044 outlines and
PAS 2050 were applied on each stage of the
LCA was detailed in figure 2. Mortality and
FCR calculated as follows [21]:
o Mortality = fingerlings death + disease +
treatment + categorizing + discharges.
¢ Yield mass = harvest mass — fingerlings
mass.
FCR = Yield mass (kg)/Taken feed(kg).
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Table 1. Feed contaminants and formulation

Units Wheat | Maize | Soyabean | Fish oil | Maize Rice Salt .Minfzral and.
bran gluten meal meal bran vitamin premix

Dry matter% % 85 94 88 89 82 87 81 0 93
Gross energy MJ/kgDM 18.9 18.8 19.7 21.9 | 212 | 187 | 205 | 0.0 9.2
Digestible energy | MJ/kgDM 16.0 17.7 17.3 194 | 173 ] 163 166 | 0.0 8.5
Nitrogen gN/kgDM 235 10.1 71 106.7 | 66.7 | 154 | 195 | 0.0 80.0
Crude protein gCP/kgDM 147 63 444 667 | 417 96 122 | 0.0 500.0
Phosphorus gP/kgDM 0.0 0.0 0.0 0.0 0.0 0.0 00 | 00 114.0

Feed formulate (CP 25%) 15 5 32 3 2 20 217 | 05 0.8

Source: Feedipedia at www.feedipedia.org.

Pre-farming Farming Post-farming

e Fertilization of pond

e cultivation manure use p)EE PR EooooCo0: \
FEEEEsEEsEs=03 S O Direct and indirect !
N20 1 e Inorganic N I 1 N0 from excreted N |
oo ! \  and uneaten feed :
\ e Fingerling’s feed )
e on-farm buildings and equipment
e mmmmmmmmm e m— i — - ~. e Main products and by-
o Operations energy 5, products processing

lo feed material processing energy
i Fertilizer manufacture

¢ Production of non-crop feeds
Land use change (LUC)

________________ . 1 capital markets :
1e Transport from farm to,

e Direct on-farm

L]
-_————

1
Con L | energy  use for ! medium markets :
. . L
i® feed packaging . I pumping and lighting | 14 Transport from farm to '
le nurseries feed production I N e e e s !
! . . 1 1 small markets !
1o Transport feed material to processing ] . 1
1 o . ' 1e |ce production 1
1o Transport shipping of imported feeds [ ]
1 . . v Fish HPDE boxes /
1» Transport road from port to feed mill | N e ____ 7
' Transport manufactured feed to farm !
\\ /,
CH4 . -o-R-l (:e-c:JI;i\-/a-ti;)r; _\. Enteric fermentation

Fig. 1. Cradle to Grave system boundary (under study parameters are inside dotted shapes and the outside
parameters aren’t under study).
Source: Authors' determination.

RESULTS AND DISCUSSIONS Pre-FarmingEl
After collecting data from the survey results ?j = — m
estimated and discussed as below and 08

0.6

emission factors for parameters and other
constants collected in Tables 2 and 3.

Firstly, Pre-farming EI

Figure 2 showed that at Pre-farming EI stage
the extruded feed for the third factory has the actores and reed tpe
maximum EI with 1.283 kgCO.e/kg feed and o podctond o s e €
the pelleted feed at the first factory has the

| ) Fig. 2. Pre-farming stage main parameters EI.
minimum EI with 1.043 kgCO2/kg feed. Source: Own design and results.

0.4
0.2

kgCO,e/kg feed

Factoryl  Factoryl  Factory2  Factory2  Factory3  Factory3
Pelleted  Extruded  Pelleted  Extruded  Pelleted  Extruded
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This result was due to the effect of Transport
to factory EI and the technology of
manufacturing affecting on the energy

Also, for example for the pelleted feed of
factory 1, the raw material production
occupied the largest percentage with 66.6% of

consumed. Also Feed packaging material EI  EI and feed packaging had the lowest
and transport feed to farm EI has a significant ~ percentage with 0.62% EI.
effect on the total El.
Table 2. Emission factors and other constants values for different parameters and references
No Item Unit Value Reference
1 EF of ship kgCOze/t.km 0.037 [27]
2 EF of lorries kgCOze/t.km 0.085 [27]
3 EF of vehicles kgCOze/t.km 1.0818 [20]
4 EF of electricity kgCO2e/kW 0.458 [15]
5 EF of diesel kgCOae/kg 3.193 [20]
6 EF of Petrol kgCOze/kg 3.01 [7]
7 EF of PP bag kgCO2e/kg bag 2.69 [28]
8 EF of PPT bag kgCO2e/kg bag 2.70 [28]
9 EF of PP&PE bag kgCO2e/kg bag 2.695 [28]
10 EF of HDPE boxes kgCO.e/kg bag 3.19 [28]
11 Density of diesel Kg/L 0.832 [1]
12 Density of petrol Kg/L 0.74 [1]
13 Nitrogen use efficiency % of feed N 23.22 [14]
14 N excreted % of feed N 76.78 [14]
15 | Nato N2O N (44/28) 15714 [14]
16 | GWP N 298 [16]
17 N excreted converted to N20-N % 1.8 [14]
18 Ice manufacturing electricity kWht ice 58 [13]
19 Ice manufacturing diesel kgt ice 0.25 [13]

Source: Set up by authors based on the studied literature.

Table 3. LCA stages emission intensities (EI) and main parameters

Pre-farming El

Farming El

Post-farming El

Raw material production El

Raw material and feed transport El
Feed Manufacturing El

Feed packaging El

e Farming Feed and energy El
o Fingerling Feed and energy EI
e N20 EI

e Fish high density polyethyler
(HDPE) Boxes EI

¢ Ice manufacturing energy El

e Transport to markets El

Source: Authors' conception.

Raw material production EI

The results declared that raw material
production EI is the sum of cultivation not
including land use change (LUC) ElI, transport
to handling El, manufacturing EI and LUC ElI
which were 0.415, 0.083, 0.168 and 0.027
kgCO2e/kg feed acting 39.82, 7.96, 16.14 and
2.66 % of pre-farming EI, respectively as
shown in Figure 4. Every crop production has
different El as indicated in Table 4. Results
shown in Figure 3 also indicated that all
factories have the same value of EI of
cultivation (not including LUC), transport to
processing, processing and LUC as the raw
material have been purchased from the same
source.

Raw material production El
0.8

0.7
0.6

0.5 ™ Cultivation (not inc LUC) EI

Transport to handling EI

0.4 " &
Manufacturing El

03
LUCEl

02

0.1

0

Factoryl Factoryl Factory2 Factory2 Factory3  Factory3
Pelleted  Extruded  Pelleted  Extruded  Pelleted  Extruded

kgCO,e/kg feed

Factories and Feed type

Fig. 3. Raw material production EIl
Source: Own results.
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The results pointed that maximum EI value
for raw material production obtained for non-
crop was 5.175 kg.COze/kg dry material of
mineral and vitamin premix and for crops was
1.862 kgCOze/kg dry material of maize

Table 4. Raw material production El

gluten. Also, the minimum EI value for crops
was 0.312 kg.CO.e/kg dry material of rice
bran as presented in Table 4. The analysis for
this data indicated that processing stage has a
significant effect on all raw materials EI.

. . . Mineral
Units | “vheat | Maize | Soyabean | Fish | | ypp | Rice | g | ond vitamin
bran gluten meal meal bran .
premix
Cultivation gCO2¢e/kg.
(mot ine LUC) | production | 1220 | 3170 347.6 4405 | 690.0 | 727.0 | 119.8
Transport to gCO2e/Kkg.
handliag oroduction | 310 | 1450 1416 1585 | 90.0 238
Manufacturing | 9029 | 1900 | 11090 | 904 | 5131 | 950 29.0
production
Main 9C0eka. | a4 | 16610 | 5796 | 11121 | 8750 | 727.0 | 1726
production production
gCO2e/kg.
LUC EI oroduction 0 0 0 0 0 0 |10816| 0 0
Total EI at 9C0e/kg. | 545 | 16610 | 5796 | 11121 | 8750 | 727.0 | 280.8 | 18.0 5175.0
production production
]r)algo“‘a“er % 0883 | 0.892 | 0874 | 0919 | 0928 | 0872 | 0899 | 1 1
Total EI end 9CO2/kg | 50044 | 18621 | 663157 | 1210.1 | 942.8 | 833.71 | 31220 | 18 5175
cultivation dry

Source: Feedprint Manual.

Raw material and feed transport EI

El of raw material transporting consists of
shipping EI for imported materials and
transport from stores locally to factories El as
shown in Tables 3 and 6.

Raw material and feed transport El
0.45
0.4
0.35
R

0.15 M Feed to farm transport El

m Transport to Factory I

shipping El

kgCO,e/kg feed
o

0 | |
Factoryl Factoryl Factory2 Factory2 Factory3 Factory3
Pelleted  Extruded  Pelleted  Extruded  Pelleted  Extruded

Factories and Feed type
Fig. 4. Raw material and feed transport EI.
Source: Own results.

Also, for the pelleted feed of factory 1, the
shipping EI acted the largest percentage with
92.2% of raw material and transport El and
feed to farm transport El had the lowest
percentage with 1.9% raw material and
transport El.

The results indicated that maximum EI for
shipping was 546.49 gCOe/kg for maize
gluten and minimum EI for shipping was
242.794 gCO2e/kg for fish meal.
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This result obviously related to the shipping
distance from the importer as declared in
Tables 2 and 5. The data also revealed that
total transport EIl was high for Maize gluten
and low for salt, with 557.7 and 4.33
gCO2e/kg, respectively. Since maize gluten
was imported while salt was produced locally.
Feed manufacturing EI

Data collected from survey declared that
energy at factories comes from electricity and
diesel. Also, the extruded feed consumed
energy more than the pelleted. So, the EI for
the extruded is more than the pelleted at all
factories as shown in Figure 5.

Feed Manufacturing El

0.12
0.1
0.08
0.04
0.02
0

Factoryl Factoryl Factory2 Factory2 Factory3  Factory3
Pelleted  Extruded  Pelleted  Extruded  Pelleted  Extruded

B Manufacturing electricity El

= Manufacturing diesel 1

kgCO,e/kg feed
g

Factories and Feed type

Fig. 5. Feed manufacturing EI for different factories
and types feed
Source: Own results.
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As well as, the minimum feed EI for pelleted
feed obtained from factory 2 was 42.964
gCO2e/kg.feed, while the maximum feed El
for pelleted feed obtained from factory 1 was

Table 5. Raw materials and feed transport El

51.301 gCOze/kg.feed as shown in Tables 1
and 6. The differences between factories El
related to the energy use efficiency and
technology type and design.

Fine Mineral
Units wheat Maize Soyabean Fish oil Maize Rice | g1 and
gluten meal meal bran vitamin
bran .
premix
Origin local imported imported imported local imported local local local
exporter - China USA India - Argentina - - -
Shipping km - 14,770 11,621 6,562 - 13,107 - - -
EI of shipping gCO2e/kg 0 546.49 429.977 242.794 0 484.959 0 0 0
importer to Factory 1 road km 177 114 114 114 220 114 25 25 65
importer to Factory 2 road km 115 211 211 211 5 211 75 3 35
importer to Factory 3 road km 262 133 133 133 333 133 65 4 56
EI of factory 1 road transport gCO2e/kg 15.05 9.69 9.69 123.33 238.00 9.69 2.13 27.05 70.32
EI of factory 2 road transport gCO2e/kg 9.78 17.94 17.94 228.26 5.41 17.94 6.38 3.25 37.86
EI of factory 3 road transport gCO2e/kg 22.27 11.31 11.31 143.88 360.24 11.31 5.53 4.33 60.58
Total Transport EI of factory 1 gCO2e/kg 15.05 556.18 439.67 366.12 238.00 494.65 2.13 27.05 70.32
Total Transport EI of factory 2 gCO2e/kg 9.78 564.43 44791 471.06 5.41 502.89 6.38 3.25 37.86
Total Transport EI of factory 3 gCO2e/kg 22.27 557.80 441.28 386.68 360.24 496.26 5.53 4.33 60.58
Source of shipping distance: http://ports.com.
On the other hand, transport from factory to  Feed packaging EI

farm EI varied from factory to another related
to the distances and emission factors for type
of transport as shown in Tables 2 and 6.

The maximum transport from factory to farm
El obtained for factory 3 feed with 167.682
gCOze/kg.feed while the minimum transport
from factory to farm EI obtained for factory 1
feed with 5.409 gCO.e/kg.feed.

Table 6. Feed manufacturing El for different factories
and types of feed

Transpo
Ration Electri | Diese gn(zt:l rt EI
(gCO2e/kg feed) | - city 1 EIg factory

y

to farm
Feed factory 1 11 39 51.30 5 409
pellet 1
Feed factory 1 130.8
extruded 45 85 2 5.409
Feed factory 2 13 29 42.96 62.745
pellet 4
Feed factory 2 122.2
extruded 55 66 9 62.745
Feed factory 3 12 31 44.70 167.682
pellet 5
Feed factory 3 122.4
extruded 48 74 7 167.682

Source: survey data analysis.

Every factory has a different packaging
material which has a significant effect on
packaging El. PP, PPT and PP&PE materials
used in factories 1, 2 and 3 respectively as
showed in Figure 6 and Table 7.

0012 feed Packaging El

0.01
0.008

0.006

kgCO,e/kg feed

0.004

0.002

0
Factory 1
Pelleted

Factory 1
Extruded

Factory 2
Pelleted

Factory 2
Extruded

Factory 3
Pelleted

Factory 3
Extruded

Factories and Feed type

Fig. 6. Feed Packaging El for different factories and
feed types.
Source: Own results.

From Tables 2 and 7, data collected and
obtained that maximum packaging El
obtained was 11.64 gCOqe/kg.feed for the
second factory and minimum packaging El
obtained was 6.1985 gCOze/kg.feed for the
third factory as declared in Figure 7.
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Table 7. Feed packaging consumption and EI.

Fact
Fz;c;or Factory 2 z;csor
E
PP | Egyt | Egypt
. Damr 6th Balti
Units
0 october m
PPT bag g/bag 0 105 0
PP bag g/bag 120 0 0
PP&PE bag | g/bag 0 0 115
PPT bag ';gfeed/ b1 25 0
PP bag ';gfeed/ b | 5 0 0
PP&PE bag ';gfeed/ bl g 0 50
PPT bag ton/year 0 63 0
PP bag ton/year 10.8 0 0
PP&PE bag | ton/year 0 0 20.7
feed tonly 4500 | 15,000 | 9,000
production
gCOe/ 6.198
El kg feed 6.456 11.34 5

Source: Own results.

Secondly, Farming EI

At this stage results obtained showed that
Hanafy farm had the maximum EI value
compared to Hashim and Aly farm with
3.131, 2.05 and 2.036 kg CO2e/kg.fish,
respectively. This was due to high amount of
feed used with high value of FCR as indicated
in Figure 7.

Farming El

kgCO,e/kg fish
H o~ b

-

o
@

Hanafy farm Aly Farm Hashim Farm

Aquaculture Farms

Fingerling Feed and energy El Farming Feed and energy I «N20 El

Fig. 7. Farming EI stage parameters
Source: Own results.

As indicated in Figure 8, The highest
fingerling feed and energy EIl value obtained
at Hanafy farm with 0.278 kg CO2e/kg.fish,
while the lowest value was at Aly farm with
0.147 kg COe/kg.fish.
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Hanafy farm had the greatest farming feed
and energy EI value of 2.42 kg COze/kg.fish,
while Aly farm had the lowest value of 1.42
kg CO.e/kg.fish.

Aly farm had the highest N2O EIl value of
0.465 kg CO.e/kg.fish, whereas Hashim farm
had the lowest EI value of 0.39 kg
CO.e/kg.fish.

Also, bad water quality at the source of
Hanafy farm led to more water change and
more energy (diesel and petrol) consumption
with high EF values as mentioned in Table 2.
While the other farms had sources for
electricity and had the abilities for improving
water quality by paddle wheel aerators and
other sources.

Fingerling Feed and energy EI

Fingerling Feed and energy EI sub main stage
consists of three parameters which are:
Fingerling feed, Fingerling diesel and
Fingerling electricity.

Fingerling feed had the highest effect on EI at
all farms under study followed by fingerling
diesel and fingerling electricity, respectively
as shown in Figure 8.

Tables 2, 8 and Figure 8 showed that Aly
farm had the greatest fingerling electricity El
value of 0.009 kg CO.e/kg.fish, while Hanafy
and Hashim farms had the lowest value of 0.0
kg CO.e/kg.fish.

Fingerling feed and energy consumed El

E = 1

Hanafy farm Aly Farm

0.2

0.15

kgCO,e/kg fish
IS o
& b

=)

Hashim Farm
Aquaculture Farms

u Fingerling Electricity EI = Fingerling Diesel €l Fingerling Feed El

Fig. 8. Fingerling feed and energy consumed EI
Source: Own results.

The highest fingerling diesel EI value was
0.112 kg CO2e/kg.fish at Hanafy farm, while
the lowest value was 0.055 kg CO.e/kg.fish at
Aly farm.

The greatest fingerling feed EI value was
0.166 kg CO.e/kg.fish at Hanafy farm, while
the lowest EI value was 0.08 kg COze/kg.fish
in Aly farm.
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Table 8. Fingerling feed and energy consumed EI

Unit HFa;z;lnfy Aly Farm Hlf:m]m

fingerling number n 63,000 120,750 78,750
fingerling weight kg 0.015 0.04 0.03
total fingerling weight kg 945 4,830 2,362.5
Feed kg/season 150 350 250
Electricity MJ/season 0 360 0
Diesel MJ/season 1,412 3,530 2,824
Feed pellet kgCO.e/season 156.675 220.266 241.106

extruded kgCOze/season 0 177.099 64.165
Electricity kgCOze/season 0 45.8 0
Diesel kgCOze/season 106.268 265.671 212.536
Feed EI kgCO.e/kg 0.165 0.082 0.129
Electricity El kgCO.e/kg 0 0.009 0
Diesel El kgCOze/kg 0.112 0.055 0.089
Total El kgCOze/kg 0.278 0.146 0.219

Source: Own results.

Farming Feed and energy EI

Farming petrol, farming diesel, farming
electricity and farming feed are the four
parameters that constitute the Feeding and
energy for farming El sub main stage.

As demonstrated in Figure 10, farming feed
had the greatest impact on EI across all farms
studied. Tables 2, 9, 10, 11 and Figure 9
showed that Hanafy farm had the highest
farming petrol EI value of 0.071 kg
CO2e/kg.fish.

While Hashim farm had the lowest value of
0.0256 kg COe/kg.fish. Hanafy farm had the
highest farming diesel EI value of 0.68 kg
COqze/kg.fish, while Hashim farm had the
lowest value of 0.053 kg CO.e/kg.fish.
Hashim farm had the highest farming
electricity El value of 0.101 kgCOze/kg.fish,
while Hanafy farm had the lowest value of 0.0
kg COze/kg.fish.

Farming feed and energy consumed EIl

kgCO,e/kg fish
[

Hanafy farm Aly Farm Hashim Farm

Aquaculture Farms

Farming Petrol I Farming Diesel £l Farming Electricity I Farming Feed EI

Fig. 9. Farming feed and energy El
Source: Own results.

At Hanafy farm, the highest EI value for
farming feed was 1.67 kg COze/kg.fish, while
the lowest El value was 1.137 for Aly farm.
N20 ElI N2O EI sub main stage consists of
farming feed N20 and fingerling feed N20.
Farming feed N2O had the biggest impact on
El across all studied farms, as shown in
Figure 10. Aly farm had the highest N2O ElI
value of 0.465 kg CO2e/kg.fish, while Hashim
farm had the lowest value of 0.39 kg
COqe/kg.fish, as shown in Tables 2 and 12
and Figure 10. The maximum fingerling feed
El value was 0.04 kg COze/kg.fish at Hanafy
farm, while the lowest value was 0.018 kg
CO2e/kg.fish at Hashim farm.

N20 EI

kgCO,e/kg fish

Hanafy farm Aly Farm Hashim Farm

Aquaculture Farms

HFeed N20 EI = Fingerlings feed N20 El

Fig. 10. Farming and fingerling N.O EI.

Source: Own results.

Aly farm had the highest farming feed N2O EI
value of 0.447 kg COze/kg.fish, while Hashim
farm had the lowest value of 0.363 kg
COze/kg.fish, as shown in Tables 2 and 12
and Figure 10.
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Table 9. Study area, farm and species specification

No Item Unit Hanafy Farm Aly Farm Hashim Farm
1 Governorate and town n Kafrelss;}:ﬁ, sidy Elbehira, Edko EI%Z'?:Z;H’
2 Ceoordinates n 31°22'58.9"N 31°17'00.1"N 31°26'18.3"N
30°47'20.8"E 30°16'12.7"E 31°25'11.2"E
3 Area m? 42,000 96,600 63,000
4 Water depth m 15 1.25 1.25
5 Water volume m3 63,000 120,750 78,750
6 Aquaculture density Fish/m? 5 4 5
7 Fish quantity Fish/Farm 315,000 483,000 393,750
Tilapia 70 80 90
. . Mugiliade 25 17 9
8 Species and ratio
Carp 5 3 -
Catfish - - 1
Source: Own results.
Table 10. Estimation of FCR and consumed feed
Hanafy Farm Aly Farm Hashim Farm
Survival % 90 70 85
Season Days 190 175 170
fingerlings weight kg 0.015 0.03 0.04
Average harvest weight kg 0.29 0.27 0.3
Total harvest per year tly 15.5925 20.286 17.40375
Total feed per year tly 23.857 35.703 24.887
FCR Kg feed/ kg fish 1.53 1.759 1.429
Harvest per area kg/m? 0.37 0.21 0.276
. Pellet 0.4 0.55 0.25
Feed Type, ratio
Extruder 0.6 0.45 0.75
Pellet 9.543 19.637 6.222
Feed Type, tly
Extruder 14.314 16.067 18.665
Source: Own results.
Table 11. El for feed and consumed energy
Hanafy Farm | Aly Farm | Hashim Farm
Diesel I/year 4,000 1,500 350
Petrol I/year 500 250 200
Electricity kW/year 0 2800 3850
Diesel I/kg 0.257 0.074 0.02
Petrol I/kg 0.032 0.012 0.015
Electricity kW/kg 0 0.138 0.221
EI Pellet kg Cozefyear 9.967 21.626 7.500
El, Extruder kg Cozefyear 16.089 18.968 23.953
Total feed EI kg Coze/kg fish 1.671 1.137 1.264
Diesel kg Cozelkg fish 0.682 0.196 0.053
Petrol kg Coe/kg fish 0.072 0.027 0.026
Electricity kg Coe/kg fish 0 0.063 0.101
Total Energy EI kg Coze/kg fish 0.753 0.287 0.181

Source: Own results.
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Table 12. N,O emissions calculation

Hanafy Farm Aly Farm Hashim Farm

Kg Feed/ton fish 1,530 1,759.982 1,429.979
kg of N in feed /t fish Kg N feed/t fish 60.05 69.077 56.125

N content of fish kgN/t fish 13.944 16.039 13.032

kg of N excreted per t of fish kgN/t fish 46.106 53.037 43.093
kgN20-N/t fish kgN20-N/t fish 0.829 0.954 0.776
kgN20/t of fish kgN20/t fish 1.304 15 1.218
Emission of kg N2O/kg of fish kgCOze/kg fish 0.388 0.447 0.363
Fingerling emissions kgCOze/kg fish 0.0403 0.018 0.027
Total N;O kgCOze/kg fish 0.429 0.465 0.39

Source: Own results.

Thirdly, Post-farming EI

At this stage, the data revealed that Aly farm
had the highest EIl value, with 0.222 kg
CO2e/kg.fish, while Hashim and Hanafy
farms El values were 0.18 and 0.13 kg
COqe/kg.fish, respectively as shown in Figure
11.

This was owing to the large distance of
transport fishes to markets compared to
others. As shown in Figure 11, Hashim farm
had the greatest ice manufacturing energy El
value of 0.0079 kg CO2e/kg.fish, while
Hanafy farm had the lowest value of 0.0035
kg COze/kg.fish.

The highest transport to markets El value was
0.218 kg CO2e/kg.fish for Aly farm while the
lowest value was 0.13 kg COze/kg.fish for
Hanafy farm.

Post-Farming El

Hashim Farm

Fish HDPE Boxes EI
Aly Farm

farms

Transport to markets EI

Hanafy farm Ice manufacturing energy El

0 0.05 0.1 0.15 0.2 0.25
kgCO,e/kg fish

Fig. 11. Post-farming stage parameters
Source: Own results.

Fish HDPE Boxes EI
From table 2 and survey conducted that all the
three farms had the same value for fish HDPE
Boxes EI with 0.00063 kg.CO.e/kg.fish which
were 1kg HDPE boxes and capacity of 25 kg
fish for 200 times use.

Table 13. Ice manufacturing energy El calculation
it Hanafy Aly Hashim
um Farm Farm Farm
Ice use ton 2 3.2 5
Electricity | .\, 116 | 1856 290
use
Diesel use | kg 0.5 0.8 1.25
Electricity | kaCO2/ | 534 | 000419 | 0.0076
El kg fish
Diesel 1 | K9CO%/ | 60001 | 0.00013 | 0.000235
kg fish
Total EI kgCO./ | ) 1035 | 0.0043 | 0.0079
kg fish

Source: Own results.

Ice manufacturing energy EI

Ice  manufacturing electricity and ice
manufacturing diesel are the two parameters
that make up the ice manufacturing energy El
sub main stage.

As demonstrated in Tables 2 and 13 and
Figure 12, Ice manufacturing electricity had
the greatest impact on EIl across all farms
studied.

Ice manufacturing El

Hashim Farm

Aly Farm

Farms

Hanafy farm

0 0.002 0.004 0.006 0.008 0.01

kgCO,e/kg fish

Ice manufacturing diesel El Ice manufacturing electricity EI

Fig. 12. Ice manufacturing energy El
Source: Own results.
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Hashim farm had the highest ice
manufacturing EI value of 0.0079 kg
COqe/kg.fish, while Hanafy farm had the
lowest value of 0.0035 kg COe/kg.fish as
shown in Figure 12.
Transport to markets EI
As indicated in Tables 2 and Figure 13, the El
of conveying fishes to markets consists of
transporting to small markets El, transporting
to medium markets El and transporting to
large markets EI.
Also, transporting to medium markets had the
greatest impact on EIl across all farms under
study.

Transport to markets El

Hashim Farm

Aly Farm

Farms

Hanafy farm

0 0.05 0.15 0.2

0
kgCOzelll(g fish

M Transport to small markets EI “ Transport to medium markets EI ™ Transport to capital markets El
Fig. 13. Transport to markets El
Source: Own results.

The highest El for transporting to medium
markets was 0.16 kg.COze/kg fish for Aly
farm, and the minimum EI for shipping was
0.09 kg.CO2e/kg for Hashim farm.

While, 0.067 and 0.041 kg.COze/kg fish were
the highest and lowest transporting to capital
markets El for Hashim and Aly farms,
respectively.

Total EI

Table 14 and Figure 14 indicated that the
main parameters (Fingerling, Feed, NO,
Energy on farm, Transport to markets, Ice
consumption and Fish HDPE Boxes) and sub

Fingerling Electricity EI, Fingerling Diesel
El, Fingerling Feed EIl, Feed N2O El, Ice
manufacturing electricity El, Ice
manufacturing diesel EI, Transport to capital
markets EIl, Transport to medium markets El,
Transport to small markets El, Fish HDPE
Boxes El and Fingerlings feed N2O EI)
parameters contributing in LCA and carbon
foot print.

Total EI

«» Hashim Farm -
E
£
e
3
©
3
o
<
0 0.5 1 1.5 2 25 3 35

kgCO,e/kg fish

Farming Petrol El Farming Diesel EI Farming Electricity El

Farming Feed EI ® Fingerling Electricity EI
M Feed N20 EI M Ice manufacturing electricity EI
M Transport to capital markets El B Transport to medium markets El

Fish HDPE Boxes El Fingerlings feed N20 EI

Fingerling Electricity EI

B Fingerling Feed El

® Ice manufacturing diesel EI
Transport to small markets El

Fig. 14. Total EI parameters.
Source: Own results.

Farming feed parameter had the highest El
percentage at total EI for all farms under study
with 51.8, 50.33 and 56.6% for Hanafy, Aly
and Hashim farms, respectively.

While, ice manufacturing diesel had the
lowest EI percentage at total EI for all farms
under study with 0.003, 0.005 and 0.01% for
Hanafy, Aly and Hashim farms, respectively.
Hanafy farm had the highest EI value of
3.265 kg.COze/kg fish and 50.917ton
COge/season compared with Hashim farm
which had the lowest EI value with 2.23
kg.CO.e/kg fish and 38.86 ton CO.e/season as

main (Farming Petrol El, Farming diesel EI,  shown in Table 14 and Figure 14.

Farming Electricity EI, Farming Feed El,

Table 14. Total El for the three farms

Hanafy Farm | Aly Farm Hashim Farm

Fingerling Kg.CO2e/kg fish 0.278 0.146 0.219
Feed Kg.COe/kg fish 1.671 1.137 1.263
N0 Kg.CO2e/kg fish 0.429 0.465 0.39
Energy on farm Kg.COze/kg fish 0.752 0.287 0.18
Transport to markets Kg.COze/kg fish 0.13 0.217 0.171
Ice consumption Kg.COze/kg fish 0.0035 0.0043 0.0079
Fish HDPE Boxes Kg.COe/kg fish 0.0006 0.0006 0.0006
Total El per kg fish Kg.CO2e/kg fish 3.265 2.259 2.233
Total El per season Ton.CO»e/Season 50.917 45.829 38.864

Source: Own results.
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CONCLUSIONS

As Egypt from the most countries vulnerable
to global warming, estimating carbon
footprints in aquaculture farms is a crucial
topic. As a result, this study focuses on the
LCA of semi-intensive aquaculture in Egypt.
Hanafy farm had the greatest El value, with
3.265 kg.CO.e/kg fish and 50.917 tonne
COo.e/season, while Hashim farm had the
lowest, with 2.23 Kkg.COe/kg fish and
38.86ton CO2.e/season.

Also, for all farms under research, the farming
feed parameter had the greatest EI percentage
at total EI, with 51.8, 50.33, and 56.6 percent
for Hanafy, Aly, and Hashim farms,
respectively. While, ice manufacturing diesel
of 0.003, 0.005, and 0.01 percent for Hanafy,
Aly, and Hashim farms, respectively had the
lowest EI percentage at total EI for all farms
under study.

Finally, more research is needed to reduce
GHG sources and optimize techniques that
reduce emissions across all LCA.
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Abstract

The expansion of aquaculture ponds necessitates the development of aeration and the addition of oxygen. Rubber
tubes are a new way of aerating by generating micro bubbles on the water surface. Experiments were conducted to
investigate and determine the effects of air flow rate, tube wall thickness, depth from the surface and design shape
on saturation time, the oxygen mass transfer coefficient and standard aeration efficiency. To identify each indicator,
testing were carried out in accordance with ASCE 2007 guidelines from the American Society of Civil Engineers.
The findings demonstrated a connection between oxygen mass transfer coefficient and operational parameters were
as follows: inverse relationship with air flow rate, inverse relationship with depth from water surface, positive
relationship with tube wall thickness and increases with circular shape design more than longitudinal. The
maximum value of standard aeration efficiency was 2.66 kg.O2/kW.h under operational parameters of 0.1 m3.h* for
air flow rate, 0.70 m for depth from the water surface, 7 mm for tube wall thickness and circular design shape. The
minimum value of saturation time was 8 minutes under operational parameters of 0.1 m3.h"* for air flow rate, 0.70 m

for depth from the water surface, 7 mm for tube wall thickness and circular design shape.

Key words: aquaculture, water quality, dissolved oxygen, aeration diffusion by fine bubbles

INTRODUCTION

The quantity of fish produced increased by
5.4% to 2.0 million tonnes in 2019 from 1.90
million tonnes in 2018, mainly because more
fish and rice fields were produced on farms.
Lakes came in second with a production
percentage of 79.7%, followed by marine
waters with 4.9%, fresh water with 3.8%, and
rice fields with 0.8% of the total amount of
fish produced [5].

Egypt uses a variety of aquaculture
techniques, such as circular tanks, dug earthen
ponds, pens and enclosures, concrete and
raceway ponds, and floating fish cages,
among others. Additionally, semi-intensive
clay pond aquaculture is the most common
aquaculture practice in Egypt. Based on
agricultural ~ drainage  waters, intense
aquaculture farming has increased during the
past 15 years, particularly in the deserts of
northern Sinai [11].

Brackish water produced 855,789 t of tilapia
in 2017, accounting for 70% of all tilapia

produced in Africa. Egypt dominates the
production of farmed tilapia in Africa. In
2017, the total amount of farmed tilapia
produced in Africa was 79% (967,301 t), with
Egypt producing the majority of that amount.
Africa's contribution to the world's tilapia
output will drop from 21% in 2017 to only
4.3% if Egypt's share is discounted. In Egypt,
brackish water settings in the northern lakes
regions along the Mediterranean coast are
mostly used for tilapia culture. Egypt
produced 854,808 t of tilapia from brackish
water sources in 2017, accounting for 88.4%
of the nation's overall (and 70% of the
continent's) tilapia production [7].

Farmers must monitor water quality in order
to spot trends in concentration changes and
modify  their ~ management  strategies
accordingly. Numerous characteristics of
water are connected and interact with one
another, and changes in one variable might
provide light on changes in another related
one [20].

239


mailto:tfouda628@gmail.com
mailto:tfouda628@gmail.com
mailto:tfouda@yahoo.com

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

Vol. 22, Issue 4, 2022
PRINT ISSN 2284-7995, E-ISSN 2285-3952

Due to the small amount of gill surface area
that can absorb oxygen, the rate at which
oxygen can be taken up is constrained, and
sub-optimal DO concentrations slow down
fish growth rates, the concentrations of DO in
water are crucial. Also, mentioned that male
Nile tilapia of the two size classes-large fish
(>200 g) and little fish (100 g)-were studied to
determine the effects of DO on feed intake
and nitrogen and energy balances. On the
other hand, larger fish had higher feed
consumption when DO rose from 2.6 to 6.0
mg. L, and the initial DO for these fish was
around 5.5 mg. L%, As DO decreased, the fish
tended to need less energy for upkeep. Gross
energy consumption values, edible energy
intake and metabolized energy intake were
significantly increased for large fish as DO
levels rose from 1.6 to 6.1 mg.L™ [18].

More oxygen may dissolve in water when the
temperature is lower. The application noted
that water at a temperature of 32°C can
contain up to 7.3 mg/l of oxygen, whereas
water at a temperature of 7°C can hold 12.1
mg/l. Low oxygen levels will result from
rising water temperatures. The dissolved
oxygen levels at a given site are often larger
in the winter than they are in the summer for
this cause [13].

Dissolved oxygen is the amount of free, non-
compound oxygen that is present in water or
other liquids. It is a significant aspect in
determining the water quality because of its
effect on the aquatic life present in a body of
water. After water, dissolved oxygen is the
most crucial element in limnology which
means the study of lakes. Aquatic life can be
harmed and the quality of the water can be
altered by too much or too little dissolved
oxygen [12].

The minimum dissolved oxygen ranges for
Oreochromis niloticus were 0.1-0.5 mg/I,
while the best value was between 6 and 6.5
mg/l [1].

The most crucial period to introduce more
aeration is shortly before dawn, when DO
concentrations are often lowest because this is
when they frequently drop below tolerable
levels. Early morning DO for warmwater fish
should stay above 3—-4 mg/L, and above 5-6
mg/L for coldwater fish. Warmwater and
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coldwater fish, respectively, can survive with
concentrations as low as 1.0-1.5 mg/L and
2.5-3.5 mg/L. However, these concentrations
can raise stress, reduce appetite or aggression
to eat, and - if low enough for a long length of
time - they can be deadly [4].

Due to the local fish's higher metabolic rates
while they are feeding, DO drops during
feeding. Fish spend more energy to eat in a
competitive manner, which causes an increase
in metabolic rate. A DO requirement is also
produced by uneaten feed and feces. This
excrement provides plant nutrients that
encourage the growth of phytoplankton. When
phytoplankton is more abundant, the amount
of DO that they need to breathe at night can
increase. To raise the need for DO,
phytoplankton are also continuously perishing
and decomposing. The use of fertilizer can
encourage the growth of algae, which can
improve oxygen production and remove
potentially hazardous ammonia [21].

The performance of tilapia may be
significantly impacted by the interplay
between diet mix and DO concentration.
These researchers fed Nile tilapia (35 g) two
different diets at two different oxygen
saturation levels: normoxia (100%, 6.9 mg.L
1) and hypoxia (50%, 3.5 mg.L™). The control
diet was based on fishmeal (FM), while the
other diet was based on soybean meal (SBM).
Under normoxia, the FM “control" diet
resulted in the highest growth rates [19].

The daily rate of partial water exchange in
clay ponds is relatively low. In fact, early in
the season, when the number of fish is
minimal and well below the pond's carrying
capacity, it might not even be necessary.
However, as fish get bigger and bigger, there
is a greater need for freshwater. Based on the
stocking density, fish size, and species, it may
reach 20% or more every day by the end of
the season [14].

In the aquatic environment, direct diffusion
from the air, wind wave action, and
photosynthesis by aquatic plants are the three
main sources of oxygen. When the water
quality is good, oxygen molecules easily
infiltrate the water until the oxygen volume is
balanced. If the atmosphere's dissolved
oxygen concentration is higher than
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concentration in the water, which tends to
diffuse in the air, the same thing could occur,
but in the other direction [9].

The three essential parts of a diffused aeration
system are an air pump, a diffuser, and
connective tubing. Diffusers offer a variety of
forms, including those with coarse, medium,
and fine pore sizes. According to estimates,
coarse, medium, and fine pore diffusers all
function between 0.60 and 1.20 kg O2/kW/hr,
1.0 to 1.6 kg O/kW/hr, and 1.2 to 2.0 kg
O2/kW/hr, respectively. Larger bubbles are
produced by coarse pore diffusers, while
smaller bubbles are produced by fine pore
diffusers. Fouling and scaling, which are
biological and chemical processes that
damage diffuser functioning, can occur in
diffusers. ~ This  necessitates  periodic
hydrochloric acid cleaning of diffusers [15].
The main aims of the research were:

-Evaluating fine bubbles tube aeration
performance.

-Selecting  the  optimum  operational
conditions.

MATERIALS AND METHODS
Experimental setup

The experiment was established in an
aquaculture private pond at Kafrelshikh

government, Egypt. As indicated at figure 1,
2, 3 and table 1 stainless-steel tank with
dimensions of 1x1x1 (m) for length, width
and height, respectively used as water
reservoir. The tank was filled up with 1 m?of
tap water. An electric single phase compressor
model APT (SGBM9037) of 1.5 hp, 25 L
capacity, maximum pressure of 8 bar and
maximum free air delivery:130 L.min? used
as a source of air injection. Three models of
diffusion tubes D25-4, D25-6 and D25-7
which made from rubber and 1 m length for
airmmax company, China with specification
indicated in Table 1. Portable Galvanic
Dissolved Oxygen Meter model HI9147 for
HANNA company, USA used for estimation
dissolved oxygen, water temperature and
water salinity. Digital LCD anemometer and
thermometer for measuring air wind speed
and temperature. Digital vernier calliper of
model SM-453, Japan used for estimating

dimensions and diameters of experimental
parts. Watt meter to estimate consumed
energy in KW.h.

Experimental procedure

Main experiment established to evaluate
rubber tube bubbles aeration method.
Performance indicators estimated were: (1)
Saturation time (2) Krazo (3) SAE. According
to (ASCE, 2007) tap water used in the
experiment and changed after treatment.
Deoxygenation of water attempted by adding
0.1 mg.L? cobalt chloride (CoCl.6H20) and
10-12 mg.L! sodium sulfite (NaSOs) for
every mg.L? of dissolved oxygen. Dissolved
oxygen probe preferred to be at middle of the
tank, and at least 20 cm from tank sides,
surface and aeration equipment. Measuring
process starts at the point of DO reads
increase from zero concentrations and
previous time neglected. Readings are
recorded till reaching 80-85% of dissolved
oxygen saturation concentration.

Theoretical considerations

The dissolved oxygen (Ce) concentrations at
saturation are estimated using the following
equation [17]:

_ 125.9
T (32+41.8T)0625

C, eq (IIL.1)...... 1)
where:

Ce = Saturation concentration of oxygen,
mg/L at atmospheric pressure;

T = Water temperature, °C.

When a force is created, mass transfer by
diffusion happens between the two points.
The relative pressure gradient drives the gas
phase, whereas the concentration gradient
drives the water phase. The formula for
oxygen transfer [8] is as follows:

eq (I11. 2)......(2)

where:
”;—T is the proportion of diffusion mass

transfer,
DL is the oxygen molecular diffusion in water
coefficient,
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A is the diffusion cross sectional area and  \yhere [—C] is the concentration inclination in
2 dc . dy
expressed as m-</s, and o 1S the oxygen 9

concentration gradient perpendicular to the

cross;sectlonal area and mentioned by  \vater layer, [E] is the concentration

kg/m*/m. ayl,

So, the above equation could mention as: inclination in the body of the Water, Dqis the
coefficient molecular diffusion of oxygen in

gas layer, [%;]lis the concentration gradient in

am_ _poxg [E] — _D %A [E] _ gas medium and De is the eddy diffusion
dt g ayl, L dyl, coefficient of the oxygen in the medium of the
dc
—Dex A eq(L3).(3) Water.
ayl,
where:
NO ITEM
50 cm
1m 2 1 | Air Compressor
2 | Dissolved Oxygen
Meter
19 Air Compressor
%00 3 Tube
&°.Te Depth 1= 30cm -
@4 ] 4 |Air flow valve
® o] 5 Tube
)
.S 6 Sensor
o Depth 2= 50cm 7 Bubbles
og ¢
og0) 8 Tap Water
[}
p° ¥ | Tube Holder

Depth 3=70cm

10 | Dissolved Oxygen
Meter Holder

Fig. 1. Schematic diagram of the experiment.
Authors' drawing.

Table 1. Specification of different tubes models under

study
Model Unit D25- | D25- | D25-
Item 4 6 7
Outer diameter
(OD) mm| 2 | BB a) Longitudinal shape
Inner diameter
(ID) mm 16 13 11
Wall thickness
(Wall) mm | 4 6 7

oD

b) Circular shape
Fig. 3. Design shapes of diffusion tubes.
Source: Authors' drawing.

Fig. 2. Schematic diagram of rubber tube and its parts.

Source: Authors' drawing. This Equation might be as:

DL AxAC=K, =AXAC eq (111.4)...(4)
dt YL
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where:

Y is the thickness of Water layer,

AC 1is shortage of oxygen = C* — C, C* is

equivalent concentration at the surface, and C
Dy,

is the concentration in the water state. K = v
L

and K is identified as the water layer
coefficient. Previous equation can be stated in
concentration by volume, V, of the water:

dm _ dc

1 A
~X—=—= K, X=XAC
v odatr  dy v

eq (IIL.5).......(5).
In non-natural aeration methods, it is very
difficult to estimate the interfacial area
because of the turbulent surface. Hence K.

éis substituted by coefficient transfer Kpa of

the method, and its units is h™. Therefore,
previous equation shows K, as:

%:KLX ar X ACz =K, X ay X (C* = C)

eq (I1L. 6)....(6)

Accumulation of K_and ar, KLar a generated
expression is used as the overall coefficient of
oxygen transfer. By integrating previous
equation for C among Coand Crand t =0 to t,
the following terminologies are obtained.

C*—Cr
C*—Co

In =K, X ap X (t —ty) eq (1. 7)....(7)

C,=C"—(C* = Cpexp[—K, x ar X (t —t,)] eq (111.8)..(8)
where:

Krar is the coefficient of overall oxygen
transfer (hh),

Co is the start concentration of oxygen in
sample (mg/L),

Ctis the water concentration of oxygen in end
at time t (mg/L) and

(C*— Co) is the oxygen loss (mg/L).

According to the ASCE Method, the
coefficient of overall oxygen transfer (Kpar)
of previous equation can be estimated by the
Nonlinear Regression Method. Previous
equation was used to calculate the three
variables, C*, Co, and K at [16].

At standard conditions of temperature (20°C),
KLat was calculated:

_ Kpxar
— g(T-20)

K, X azg eq (I11.9)...(9)

where:

0 means correction factor of temperature (0 =
1.024 for tap water) [6].

By using dissolved oxygen drop the oxygen
transfer rate (OTR) of aeration device is
definite as the quantity of oxygen mass that
the tool added into water at specified time [2].

OTR =K, ap X AC XV eq (111.10)....(10)
where:

AC, the difference between C* and Co, V IS
the quantity of water in trial tank (m?®), for
typical conditions at 20°C the rate of oxygen
transfer (OTR) mentioned as:

OTR =K ayg X AC XV eq (II1.11)....(11).

In case of evaluation under standard
conditions of water temperature = 20°C, start
DO = 0 mg/L, atmospheric pressure = latm
and pure tap water) /h* [2], hence this
terminology express the standard oxygen
transfer rate (SOTR) as follow:

SOTR = (K @), X AC XV eq (I11.12)....(12).
The standard oxygen transfer rate (SOTR),
which is used to compare various aeration
equipment, is used to determine which is
better. The formula for the actual oxygen
transfer rate (OTRY) is given as follow [3]:

SOTR[xx60T~2°(BCs—Cp)]

OTRf = 9.07

eq (IIL.13)........ (13).

The quantity of oxygen transmitted (kg) per
requested power, or standard aeration
efficiency, is the optimum metric for
evaluating different oxygenation techniques.
Use the following equation to determine SAE:

SAE = SOTR
P

eq (11I1.14)........ (14)

where:

P is the required power by the aerator under
operating conditions (kW).

Variables under study were: permissible
limits for operational parameters at
aquaculture earthen ponds were: (1) three air
flow ranges (0.554, 0.969 and 1.246 m®h™),
(2) three depths from water surface (0.3, 0.5
and 0.7 m), (3) three tube wall thickness (4, 6
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and 7 mm), (4) two design
(longitudinal and circular) [10].

shapes

RESULTS AND DISSCUSIONS

Effect of aeration by fine bubbles on
oxygen productivity

Effect of aeration by fine bubbles on
saturation time

Figures show the effect of air flow rate, depth
from the surface, thickness of tube wall and
design shape on saturation time as shown in
Figures 4, 5 and 6. Under operational
conditions of 1.246 m3.h! air flow rate, 0.30
m depth from water surface, 4 mm tube wall
thickness, and longitudinal design shape, the

highest value of saturation time was 22
minutes.

The lowest value of saturation time was 8
minutes under operational parameters of
0.554 m3.h* for air flow rate, 0.70 m for depth
from water surface, 7 mm for tube wall
thickness and circular design shape.

a) The effect of air flow quantity on
saturation time

The rise of air flow rate from 0.556 to 1.246
m. h? leaded to increase at saturation time
with 66 % (from 12 to 20 minutes) at depth
from water surface of 30 mm, tube wall
thickness of 4 mm and circular design shape
as shown in Figures 4, 5 and 6.

Air flow rate & shape design

&

Dissolved oxygen (%)
u
@]

O 2 L LS 8

~--dw--- Ajr flow, 0.1 - circular
ceadeass Ajr flow, 0.17 - circular
Adr flow, 0.22 - circular
—tr— Air flow, 0.1 - longitudinal
—_—— Air flow, 0.17 - longitudinal
Air flow, 0.22 - longitudinal

12 14 16 18 20 22

Time, min
Fig. 4. The impact of air flow rate and shape design on saturation time at a wall thickness of 4 mm and a depth of

0.3 m. Source: Authors' determination.

Depth

Dissolved oxygen (%)
0}
0}

O 2 4 (=3

—te— Depth, 30 cm
—p— Depth, 50 cm
Depth, 70 cm
852% of saturation

8 10 12 14

Time, min
Fig. 5. Impact of diffusion tube submergence on saturation time for 0.554 m3.h air flow rate and circular form

design and 4 mm wall thickness
Source: Authors' determination.
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Thickness

Dissolved oxygen (%)

0] 2 — 6

—ae— Thickness, 4 mm
—air— Thickness, 6 mm
—ae— Thickness, 7 mm
85% of saturation

8 10 12 14

Time, min
Fig. 6. Impact of diffusion tube wall width on saturation time for 0.554 m3.h* air flow quantity and circular form

design and 0.3 m depth
Source: Authors' determination.

This might be described as an increase in air
flow rate generated an rise in bubble size,
which in turn instigated an rise in bubble
velocity, resulting in less time spent in water
and less overlap between air and water.

b) The effect of depth from water surface on
saturation time

The increase of depth from water surface from
0.3 to 0.7 m resulted in decrease at saturation
time with 15 % (from 13 to 11.5 minutes) at
air flow rate from 0.556 m®h?, tube wall
thickness of 4 mm and circular design shape
as shown in figures 4, 5 and 6.

Increased interaction time between water and
diffused air resulted in an increase in
saturation time when depth from the water
surface was increased.

c) The effect of tube wall thickness on
saturation time

The increase of tube wall thickness from 4 to
7 mm resulted in decrease at saturation time
with 15.3 % (from 13 to 10.5 minutes) at air
flow rate from 0.556 m®.h™%, depth from water
surface of 0.3 m and circular design shape as
shown in figures 4, 5 and 6.

This could be because increasing the thickness
resulted in a drop in pore widths, resulting in
a reduction in the size of generated bubbles
with a low velocity and longer interaction
time.

d) The effect of shape design on saturation
time

The changing of shape design from circular to
longitudinal led to increase in saturation time
with 3.8 % (from 13 to 13.5 minutes) at air
flow rate from 0.556 m®.h™%, depth from water
surface of 0.3 m and tube wall thickness of 4
mm as shown in Figures 4, 5 and 6.

When the shape was changed from circular to
longitudinal, the projected area dispersed.
Effect of aeration by fine bubbles on
oxygen mass transfer coefficient

Figures 7, 8 and 9 show the impact of air flow
rate, deepness from the surface, thickness of
tube wall and design form on the oxygen mass
transfer coefficient.

The highest measure of oxygen mass transfer
coefficient was 11.581 h™* under operational
parameters of 0.554 m3.h* for air flow rate,
0.70 m for depth from water surface, 7 mm
for tube wall thickness and circular design
shape as shown in Figures 7, 8 and 9.

The minimum value of oxygen mass transfer
coefficient was 3.899 h™* below operational
conditions of 1.246 m®h? for aeration flow
rate, 0.30 m for deepness from water surface,
4 mm for tube wall thickness and longitudinal
design form.

a) The impact of aeration flow rate on the
oxygen mass transfer coefficient

The rise of air flow quantity from 0.554 to
1.246 m3.h? caused to lower oxygen mass
transfer coefficient with 17.38 % (from 5.425
to 4.482 h') at depth from water surface of
0.30 m, tube wall thickness of 4 mm and
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circular design shape as shown in Figures 7, 8
and 9.

This result could be explained as increase in
air flow rate led to increase in bubble size
which caused increase in bubble velocity so,
the time spent in water and overlap between
air and water reduced. So, the relationship
between oxygen mass transfer factor and air
flow quantity was inverse relationship.

b) The impact of depth from water surface
on the oxygen mass transfer coefficient

The increase of submergence from water
surface from 0.3 to 0.7 m caused in rise at
oxygen mass transfer coefficient with 53.53 %
(from 5.425 to 8.329 hl) at air flow rate from
0.554 m3.h, tube wall thickness of 4 mm and
circular design shape as shown in Figures 7, 8
and 9.

Increasing depth from water surface led to
increase interaction time between water and
diffused air so increase in oXxygen mass
transfer coefficient.

¢) The impact of tube wall thickness on the
oxygen mass transfer coefficient

The growing of tube wall thickness from 4 to
7 mm caused in rise at oxygen mass transfer
coefficient with 37.82 % (from 5.425 to 7.477
ht) at air flow rate from 0.554 m3h™, depth
from water surface of 0.3 m and circular
design shape as shown in figures 7, 8 and 9.
This result may be due to increasing the
thickness which led to decrease in pores
diameters consequently decrease at size of
produced bubbles which had low velocity and
more interaction time.

Thickness, 4 mm

3
0.5 0.6 0.7 0.8

0.9 1 1.1 1.2 1.3

Air flow, m3.h1

— @ — Depth 30 - circular
< Depth 50 - longitudinal

—@— Depth 30 - longitudinal
Depth 70 - circular

Depth 50 - circular
Depth 70 - longitudinal

Fig. 7. Effect of air flow rate, depth and shape design on the oxygen mass transfer coefficient for 4 mm wall

thickness
Source: Authors' determination.

0.5 0.6 o. 7 0.8

Thickness, 6 mm

0.9 1 1.1 1.2 1.3

Air flow, m3.h1

-—_ » — Depth 30 - circular

—p— Depth 30 - longitudinal —_—

- Depth 50 - circular

Fig. 8. impact of air flow quantity, submergence and form design on the oxygen mass transfer coefficient for 6 mm

wall thickness
Source: Authors' determination.
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Thickness, 7 mm
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— & — Depth 30 - circular
—0— Depth 50 - longitudinal

—— Depth 30 - longitudinal — 4
Depth 70 - circular

— Depth 50 - circular
Depth 70 - longitudinal

Fig. 9. impact of air flow quantity, submergence and form design on the oxygen mass transfer coefficient for 7 mm

wall thickness
Source: Authors' determination.

d) The impact of form design on the oxygen
mass transfer coefficient

The varying of form design from circular to
longitudinal caused decrease of oxygen mass
transfer coefficient with 3.3 % (from 5.425 to
5.246 hY) at air flow rate from 0.554 m3.h?,
depth from water surface of 0.3 m and tube
wall thickness of 4 mm as shown in figures 7,
8 and 9. Changing shape design from circular
to longitudinal led to dispersal in projected
area.

Effect of aeration by fine bubbles tubes on
standard aeration efficiency

Figure and table show the influence of air
flow rate, depth from the surface, thickness of
tube wall and design shape on standard
aeration efficiency.

The maximum value of standard aeration
efficiency was 2.66 Kkg.O2/kW.h under
operational parameters of 0.556 m*.h’* for air
flow rate, 0.70 m for depth from water
surface, 7 mm for tube wall thickness and
circular design shape as shown in Figures 10,
11 and 12.

The minimum value of standard aeration
efficiency was kg.O./kW.h under operational
parameters of 0.1.246 mS3.h* for air flow rate,
0.30 m for depth from water surface, 4 mm
for tube wall thickness and longitudinal
design shape.

a) The impact of air flow rate on standard
aeration efficiency

The rise of air flow rate from 0.554 to 0.1.246
m3.h? leaded to decrease at standard aeration
efficiency with 67 % (from 1.246 to 0.411
kg.O2/kW.h) at depth from water surface of
30 mm, tube wall thickness of 4 mm and
circular design shape as shown in Figures 10,
11 and 12.

This result could be explained as increase in
air flow rate led to increase in bubble size
which caused increase in bubble velocity so,
the time spent in water and overlap between
air and water decreased. Hence the association
between Standard aeration efficiency and
aeration flow rate was inverse relationship.

b) The impact of submergence from water
surface on standard aeration efficiency

The increase of depth from water surface from
0.3 to 0.7 m resulted in increase at standard
aeration efficiency with 53.5 % (from 1.246 to
1.913 kg.O2/kW.h) at air flow rate from 0.556
m3.h?, tube wall thickness of 4 mm and
circular design shape as shown in Figures 10,
11 and 12.

Increasing depth from water surface led to
increase interaction time between water and
diffused air so increase in Standard aeration
efficiency.

c) The effect of tube wall thickness on
standard aeration efficiency

The increase of tube wall thickness from 4 to 7
mm resulted in increase at standard aeration
efficiency with 37.8 % (from 1.246 to 1.717
kg.O2/kW.h) at air flow rate from 0.556 m3.h,
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depth from water surface of 0.3 m and circular
design shape as shown in figures 10, 11 and
12.

This result may be due to increasing the
thickness which led to decrease in pores
diameters consequently decrease at size of
produced bubbles which had low velocity and
more interaction time.

d) The effect of shape design on standard
aeration efficiency

The changing of shape design from circular to
longitudinal led to decrease of standard
aeration efficiency with 3.4% (from 1.246 to
1.204 kg.O2/kW.h) at air flow rate from 0.556
m3.h, depth from water surface of 0.3 m and
tube wall thickness of 4 mm as shown in
Figures 10, 11 and 12.

Changing shape design from circular to
longitudinal led to dispersal in projected area.

Thickness, 4 mm

2.5

kWh

=
]

SAE, Kg o,/

o
in

o
0.5 0.6 0.7 0.8

0.9 1 1.1 1.2 1.3

Air flow, m3.h1

---@--- Depth 30 - circular
—_—— Depth 50 - longitudinal

—_—— Depth 30 - longitudinal  «---fk---
Depth 70O - circular

Depth 50 - circular
Depth 70 - longitudinal

Fig. 10. Impact of air flow rate, submergence and form design on standard aeration efficiency for 4 mm wall

thickness. Source: Authors' determination.
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e
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0.5 0.6 0.7 0.8

Thickness, 6 mm

0.9 1 1.1 1.2 1.3

Air flow, m3.h1

---@--- Depth 30 - circular
—@— Depth 50 - longitudinal

—@— Depth 30 - longitudinal  ----#k---
Depth 70 - circular

Depth 50 - circular
Depth 70 - longitudinal

Fig. 11. Impact of aeration flow rate, submergence and form design on standard aeration efficiency for 6

mm wall thickness. Source: Authors' determination.
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Thickness, 7 mm
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CONCLUSIONS

The experimental research found that:

-The relationship between oxygen mass
transfer coefficient and operational parameters
were as flow: inverse relationship with air
flow rate, inverse relationship with depth from
water surface, positive relationship with tube
wall thickness and increases with circular
shape design more than longitudinal.

-The relationship between standard aeration
efficiency and operational parameters were as
flow: inverse relationship with air flow rate,
inverse

-Relationship with depth from water surface,
positive relationship with tube wall thickness
and increases with circular shape design more
than longitudinal.

-As mentioned above the relationship between
saturation time and operational parameters
were as flow: positive relationship with air
flow rate, positive relationship with depth
from water surface, inverse relationship with
tube wall thickness and increases with
longitudinal shape design more than circular.

- The maximum value of standard aeration
efficiency was 2.66 kg.Oo/kW.h under
operational parameters of 0.554 m3.h* for air
flow rate, 0.70 m for depth from the water
surface, 7 mm for tube wall thickness and
circular design shape.

- The minimum value of saturation time was 8
minutes under operational parameters of 0.554
m3.h? for air flow rate, 0.70 m for depth from

0.9

w, m3>.h1

—@— Depth 30 - longitudinal -«
Depth 70 - circular

Fig. 12. Impact of aeration flow rate, submergence and form design on standard aeration efficiency for 7
mm wall thickness. Source: Authors' determination.

Depth 50 - circular
Depth 70 - longitudinal

the water surface, 7 mm for tube wall
thickness and circular design shape.
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Abstract

Mechanical transplanting of rice is considered one of the safest methods of rice cultivation. It is also one of the most
desirable methods for Egyptian farmers, saving about 70% of the seeds, saving labor costs, better plant density,
water saving, and weed control. Due to the fragmentation of agricultural holdings in Egypt and the high costs of
mechanical transplanting with imported machines, the research aimed to manufacture a rice transplanting machine
with local materials suitable for small rice holdings and achieve the technical recommendations of Egyptian
conditions. Also, testing and evaluating the manufactured machine under different operation conditions. The rice
transplanting machine was manufactured and tested at the Rice Mechanization Center, Agricultural Engineering
Research Institute, Egypt. The machinecontains five rows and the distance between each row is 20 cm. The
manufactured transplanter was tested and evaluated under four different forward speeds (1.00, 1.25, 1.50, and 1.75
km/h), four different intra-row hill spacing (16, 18, 20, and 22 cm), and two seedling cross-section area (1.00 and
2.00 cm?). The obtained results indicated that the lowest percentages of missing, floating, and damaged hills were
2.92, 1.83, and 0.27%, respectively.The highest transplanting efficiency and field efficiency were94.98 and 83.75%,
respectively, obtained at themachine forward speed of 1.00 km/h, intra-row hill spacing of 22 cm, and seedling
cross-section area of 2.00 cm?. Also, the lowest value of requirement energy was 4.599 kW.h/fed, which achieved the
highest actual field capacity of 0.285 fed/h obtained at forward speed of 1.75 km/h, intra-row hill spacing of 22 cm,
and seedling cross-section area of 1.00 cm?.

Key words: mechanical transplanting, local rice transplanter, hill spacing, rice seedlings
INTRODUCTION areas in our country [1]. The mechanical
transplanting of paddy has been considered
the most promising option, as it saves labor,
ensures timely transplanting, and attains
optimum plant density that contributes to high
productivity [10]. The mechanical
transplanting offers higher field capacity than
million tons [5]. Mechanization of the  manual transplanting. Thus, farmers can
operations in rice crop in Egypt is very transplant rice seedlings within an appropriate
important from seeding till harvesting [6]. The  and wvery short time by mechanical
direct seeding of rice and transplanting are the  transplanter [7]. Abdrabo [2] developed a

Rice (Oryzasativa L.) is the most popular
grain crop in Egypt because it is considered
the major food for over 50% of Egyptians.
Egypt cultivated about 1.309 million feddan
of rice with a total production of about 4.89

two common rice cultivation methods. The
transplanting method is more prevalent among
farmers because of less weed growth and
higher yield than direct seeded rice [9]. Rice
is largely grown traditionally by manual
transplanting. Manual transplanting requires
numerous labors besides involving drudgery,
and is also expensive. The scarcity of labor is
another main problem in some paddy-growing

double-purpose machine prototype for rice
transplanting, locally manufactured, and
evaluated. The proposed transplanter is 4 rows
planting machine, and propelled on three
ground wheels to suit small-scale farms. It fits
both the traditional rice seedlings method, and
the trays seedling method. The obtained
results revealed that the maximum field
capacity values were 0.29, and 0.283 fed/h,
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and the highest transplanting efficiency values
were 72 and 68%, as the developed prototype
was accomplishing the traditional, and in trays
seedling methods. The present rice
transplanters rows spacing is fixed at 30 cm,
and this distance does not agree with technical
recommendations for rice cultivation in
Egypt. So he modified the planting unit
mechanisms of a Japanese rice transplanter to
suit narrow row spacing (20 cm). The
developed transplanter was tested under
different operating speeds (6.98, 7.85, and
8.96 m/s) to get different spaces under actual
field conditions. He found that the lowest
defective hills percentage was 4.3% and the
highest distribution uniformity of lateral space
was 99% was achieved as the developed
machine at a finger speed of 6.98 m/s
compared to 3.9% and 99.5% for the
transplanter before modifications [4].Asha et
al. [3] developed a manual (pull-type) two-
row paddy transplanter. The developed
transplanter can be helpful for small and
marginal  landholdings. They  develop
equipment that should be low-cost, fabricated
locally, versatile in utility, reducing drudgery
by making transplanting possible without
bending, and useful for small farmers. The
actual field capacity of 0.2 ha/day (8hours
working daily) was achieved with the machine
by considering a 5% - and 3%-time loss
because of turning and filling trays,
respectively. RRTC [11] recommended that
planting spaceis 20 x 15 or 20 x 20 cm(row
spacing x hill spacing)for Egyptian rice
variety Sakha super 300 to obtain the higher
grain yield The problems of this research are
that the rice transplanters are imported from
abroad at a high price, especially for
smallholdings. Also, the distance between the
rows of the transplanter is 30 cm, and this
distance does not meet the farmer’s desire in
terms of the required density. Also, it does not
fulfill the recommendations of the Rice
Research Department, which recommends
that the distance between the rows must be 20
cm to achieve the required plant density under
Egyptian conditions. Therefore, the objectives
of the current study areto manufacture a rice
transplanting machine with local materials
suitable for small rice holdings,and achieve
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the technical recommendations of Egyptian
conditions. Also, testing and evaluating the

manufacture  machine under different
operation conditions.

MATERIALS AND METHODS

The field trials were executedatRice

Mechanization Center, Meet El Deeba, Kafr-
El-Sheikh Governorate, Egypt, during the
agricultural season of 2022 for Sakha super
300 (common Egyptian rice variety)
Materials

The manufactured
machine

The manufactured rice transplanting machine
consists of main frame, transplanting unit,
power source, power transmission system,
guide rail, seedlings mat, floats, and drive
wheels. The machine contains five rows, and
the distance between each row is 20 cm,as
shown in Photo 1.

ricetransplanting

Photo 1. The manufactured rice transplanting machine
Source: Authors’ own illustration.

1. Main frame

The main frame of the manufactured
transplanterwas made from square mild steel
hollow sections (20x20x1.25 mm, height,
width, and thickness, respectively).The main
frame dimensionswere1300x950x440 mm,
length, width, and height, respectively. The
square sections were cut and welded together
to form the main frame, as shown in Photo 2.

Photo 2. The main frame of the manufactured rice
transplanting machine
Source: Authors' drawing.
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2. Transplanting unit

The function of the transplanting unit is to
pick the selected number of seedlings from
the seedlings mat and transplant it into the
soilin a standing position. It consists of two
mechanisms. The first one is the transplanting
mechanism which includes a transplanting
arm (four-bar linkage mechanism), a finger
holder with five planting tines, and a
crankshaft to operate the mechanism. The
second mechanism is the seedling push
mechanism, which includes five seedling push
rods mounted on one shaft called the push
rods holder, two cams equipped with two
levers, and four springs.

A. Four-bar linkage mechanism

A four-bar linkage is the simplest movable
closed chain linkage. It consists of four bars
or links connected together by four joints, as
shown in Fig. 1. The lengths of the linkages
vary from one another. One of the rotating
links is known as the crank or driver, and the
other link is a rocker. The member connecting
the crank and the rocker is known as a
coupler, and a fixed link is the frame. The
crank is the shortest link and makes a
complete revolution. The lengths of links
were 50, 150, 100, 150, and 200 mm for the
crank, fixed link, rocker, coupler, and coupler
extension, respectively.

Fixed link

Rocker /
Joint /

Coupler Planting

Coupler extension arm

Fig. 1. Four-bar links mechanism
Source: Authors’ own illustration.

B. Planting tines and tines holder

The planting tines are the main element thatis
responsible for the plantation of the seedlings.
It has aspecific shape thatpicks the seedlings
and plantsthemin the mud. The tines holder is
a horizontal bar of rectangular mild steel
hollow sectionswith dimensions of 20 X 40
x1,000 mm width, height, and length,
respectively, and welded on it five pieces of
square mild steel hollow sections with
dimensions of 15 X 15 x100 mm width,

height, and length, respectively.Every piece of
this square mild steel hollow sections installed
on it two bolts with nuts to control the
adjustment of the planting tines with pushing
rods. The tines holder is mounted on the
transplanting arm (four-bar linkage) via a
hinged joint to control the height of the
seedlings cut from the mat and thus control
the vertical feeding of the machine. The
machine contains five planting tines, and the
distance between every planting tine is 20 cm,
as shown in Photo 3.

C. Seedling push mechanism

Seedlings push rods

The push rods are the member responsible for
pushing seedlings into the soil. It is a steel rod
with a diameter of 8 mm and a length of
250mm. Itwelded at the end of the rod a piece
of steel in the form of U- shape, and this piece
slides inside the planting tines up and down to
push the seedlings into the soil. It is fixed
from the top by nuts in a horizontal bar called
the push rod holder and fixed from the bottom
inside a piece of square mild steel hollow
sections with dimensions of 15 X 15 X100 mm
width, height, and length, respectively, to
determine its path inside the planting tines.

Tine holder Spring

Pushing rod holder

Planting

- tine .

e, o
Photo 3. Seedlings push holder and seedlings pushrod
Source: Authors’ own illustration.

The pushing rod holder is a horizontal bar of
square mild steel hollow sections,with
dimensions of 20 x 20 x1,000 mm width,
height, and length, respectively. The push rod
holder is connected with the planting tines
holder by four tension springs to push the
seedlings pushing rod holder with the push
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rods inside the planting tines for pushing the
seedlings into the soil, as shown in Photo 3.
Cams and levers

The machine contains two circular cams with
a diameter of 100mm and a thickness of
10mm. A quarter of a circle cam was cut from
each cam, and then they were fixed from the
middle on the crankshaft extension. The
machine also contains a pair of steel iron
levers rolled into a Z-shape. The length of the
lever from the top was 80 mm and from the
bottom 100 mm, and the lever height was 160
mm; each lever is fixed by a nail installed on
the transplanting arm so that part of it is
located below the pushing rod holder and the
other part is below the cams, as shown in
Photo 4.The function of the cams and levers is
to control the movement of the pushing rod
holder, whether by lifting or pushing.

Photo 4. Cams and levers
Source: Authors’ own illustration.

3. Power source

The power source of the rice transplanting
machine is a 3kW engine, model GS130-2CN
from Kubota. The engine power was
transmitted to an internal attached gear box
that reduced engine rotation speed between
60-100 rpm on the output shaft. The clutch
was also provided to connect and disconnect
power from the engine.

4. Power transmission system

The power transmission system contains three
parts; the main engine shaft, the intermediate
reduction unit, and the drive wheel’s unit, as
shown in Photo 5. The main shaft contains
four different sprockets with 20, 25, 30, and
35 teeth to change the machine’s forward
speed in the field. The intermediate
reductionunit is a round shaft with a diameter
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of 25 mm and 600 mm length. The shaft is
installed inside two bearingsthat have the
same diameter. The intermediate reduction
unit was installed on itthree different
sprockets with 49, 48, and 15 teeth. The drive
wheel unit is a round shaft with a diameter of
25 mm and 1,200 mm length used as a wheel
axle; itis installed inside two bearingswith the
same diameter and installed on it a sprocket
with 49 teeth.The movement was transmitted
from the main engineshaft with different
sprockets to the intermediate reduction unit
sprockets by chains. The main shaft sprockets
were connected to the 49-teeth sprocket in the
intermediate reduction unit by a chain to
reduce the output rotational speed of the
engine. The intermediate reduction unit
deliversmotion power from the engine and
transmits it to the transplanting unit (A) and
the drive wheel(B).

A. Transmit motion to transplanting unit
The movement is transmitted to the
transplanting unit by sprockets and chains that
are mounted on the intermediate reduction
unit and transplanting unit axle. The
movement is transmitted by a sprocket of 48
teeth installed on the intermediate reduction
unit and connected to the transplanting unit
axle by another cassette  sprocket
withsevensprockets (speeds) starting from 14
to 28 teeth. Its purpose is to change the
number of hits of the transplanting unit per
unit distance to obtain different intra-row hill
spacing.

B. Transmit motion to drive wheel

Drive wheel

4 . sorocket
Intermediate  [REEE R e e T O T
reduction unit  FEEMEEESS 3 P

T

. |
Photo 5. Power transmission system
Source: Authors’ own illustration.

The movement is transmitted to the traction
wheel by the 15-teeth sprocket installed on the
intermediate reduction unit, and the 49-teeth
sprocket installed on the axle of the drive
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wheel to reduce the machine’s forward speed
in the field to be proportional tothe desired
hills spacing. The intermediate sprockets are
connected to the wheel drive sprocket by a
chain.

5. Guide rail

The guide rail is a L-shape steel section has
dimensions of 40 x 40 x 1,300 mm, height,
width and length, respectively with a
thickness of 25 mm welded with a
rectangular mild steel hollow section has
dimensions of 20 x 40 x 1,300 mm, height,
width and length, respectively with a
thickness of 1.25 mm and fixed to the
machine frame by adjustable screws. The
guide rail has five slots through which
seedlings are picked by planting tines.The
width of the slot is 18 mm, the length is 65
mm, and the distance between the slot and the
other is 188 mm. Slots were cut by a CNC
machine to ensure cuttingaccuracy. The guide
rail performs several functions, picking up the
seedlings through it, and the seedling mat
slides on it horizontally with a distance of 188
mm back and forth, as shown in Photo 6.

6. Seedlings mat

The seedlings mat was manufacturedwith a
galvanized steel sheet with dimensions of
1,030x700 mm,width and length,respectively,
with a thickness of 0.7 mm. It was divided
into five compartments; the width of each
compartment is 196 mm, and the separator
between each compartment was made of
square mild steel hollow sections with a
dimension of 15%15%740 mm.

Guide rail Seedlings mat

Photo 6. Seedling mat and guide rail
Source: Authors’ own illustration.

The seedlings mat rests on the guide rail from
the down side and the machine chassis from

the upper side. It was fitted at a 50° angle and
supported from the rear side by a 20x20 mm
square mild steel hollow sections frame.After
every stroke of the transplanting arm, the
seedlings mat slides horizontally along with a
guide rail with a distance of 188 mm back and
forth bythe mat movement mechanism, as
shown in Photo 7.

7. Floats

The floats were made of a galvanized steel
sheet and consist of two parts.The first one is
the main float, and this part is one piece
installed in front of the transplanter with bolts
and has a dimension of 1,000x600 width and
length, respectively, with a thickness of 0.7
mm. The floats were curved with a height of
150 mm from two sides and front to avoid the
entry of soil on it, and this float work as a
leveler and puddler. The second part is the
secondary floats,consisting of four small
floats installed in the rear section of the
transplanter and fixed between rows of
seedlings. Each one of the floats has a
dimension of 80x700mm width and length,
respectively, with a thickness of 0.7 mm, and
the floats were curved with a height of 40 mm
from two sides. The cross-section of the floats
was made such that the soil in between the
two floats will project up,ensuringgood

placement of the seedling into it, as shown in
Photo 7.

secondary float Y

Photo 7. Rice transplanter floats
Source: Authors’ own illustration.

8. Drive wheels

Two drive wheels of rubber lug wheel with
thick rim were used in the transplanter. The
wheel diameter was 600 mm. The wheels
were installed on an axle shaft with 25 mm
diameter and 1,200 mm length; this shaft was
installed between two bearings, and the
distance between wheels on the shaft was
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1,000 mm to avoid damaging the seedlings on
the way to go and back.

Soil conditions before transplanting

In order to obtain satisfactory operation, good
quality work, and efficiency of the developed
machine, besides ensuring good technical
condition and correct operation of the
machine, suitable soil conditions in the field
should be available. Soil conditions before
transplanting were shown in Table 1.

Table 1.Field condition before transplanting

Item Treatment
Water depth, cm 1-2
Hardpan depth, cm 13
Hardpan hardness (kg/cm?) 5.4
Cone depth, cm 8

Soil penetration resistance, kgi/cm? 24
Soil texture Clay

Source: Authors' determination.

Plant parameter

Before starting the operation, the data on the
targeted crop were collected, which was
required for the proper functioning of the
transplanter.

Table 2.Mean values of some seedlings characteristics
of rice crop variety (Sakha super 300)

Characteristics Mean value