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A Qualitative Risk Assessment of Factors Contributing to
Spread of Foot and Mouth Disease through Cattle Markets in
Western Kenya

By Richard Onduso, Joshua Orungo Onono, Jackson Nyarongi Ombui
& Aondo Ezra Ochami

Abstract- There has been a surge in the number of Foot and Mouth Disease (FMD) outbreaks in western
Kenya between the years 2016 and 2018. A qualitative risk assessment was done to investigate the role
played by cattle markets in maintenance of these outbreaks. The specific objective of the study was
assessment of factors contributing to spread of FMD through cattle markets in Western Kenya.Both
qualitative and quantitative data were collected using a semi-structured questionnaire. Additional data
collection was done through focus group discussions guided by checklist questions and secondary data
obtained through review of published and grey sources of literature. The World Organization for Animal
Health (OIE) framework was adapted for this study. The conduct of selected cattle markets was assessed
to determining the risk for release and exposure of FMD virus during cattle trade. The study shows there
was high risk of spreading FMD virus through cattle marketing activities.
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A Qualitative Risk Assessment of Factors
Contributing to Spread of Foot and Mouth
Disease through Cattle Markets in
Western Kenya

Richard Onduso %, Joshua Orungo Onono °, Jackson Nyarongi Ombui ® & Aondo Ezra Ochami ©

Abstract- There has been a surge in the number of Foot and
Mouth Disease (FMD) outbreaks in western Kenya between
the years 2016 and 2018. A qualitative risk assessment was
done to investigate the role played by cattle markets in
maintenance of these outbreaks. The specific objective of the
study was assessment of factors contributing to spread of
FMD through cattle markets in Western Kenya. Both qualitative
and quantitative data were collected using a semi-structured
questionnaire. Additional data collection was done through
focus group discussions guided by checklist questions and
secondary data obtained through review of published and
grey sources of literature. The World Organization for Animal
Health (OIE) framework was adapted for this study. The
conduct of selected catlle markets was assessed to
determining the risk for release and exposure of FMD virus
during cattle trade. The study shows there was high risk of
spreading FMD virus through cattle marketing activities.
Inadequate facilitation of veterinary department, trade on non-
vaccinated cattle, cattle evaluation practices, cattle
movement without permits, frekking catlle for long
distances, lack of isolation of traded catile at farms and
visiting of many livestock markets within short period, were
identified as risk practices which could increase the risk of
FMD spread. This study recommend that some risk
management measures’ needs to be put in place, these
include adequate resource allocation to the veterinary
department, subsidizing of the strategic cattle vaccinations,
provision of market place facilities and creation of awareness
among traders on the roles they play in catile disease control
and management.

Keywords: risk assessment, foot and mouth disease,
market conduct, western Kenya.

. INTRODUCTION

= oot and mouth disease is a highly contagious, viral
== disease of domesticated and wild ruminants,

characterized by high morbidity and low mortality
(Coetzer et al., 1994). It has huge global economic
impact due to large number of animals affected. These
impacts include direct losses as result of reduced
production and change of herd structure as it causes

Author o o p: Department of Public Health, Pharmacology and
Toxicology, College of Agriculture and Veterinary Sciences, University of
Nairobi. e-mail: richyma28@gmail.com

Author @3: Department of Animal Science, School of Agriculture and
natural resources management, Kisii University College.

abortions and infertilities, while indirect losses are due to
control costs and limited access to markets (Knight
Jones et al.,2013). The disease has a global distribution
and is endemic in many parts of the world, particularly
Africa, Asia and regions of South America (Knowles et
al., 2003). The disease is caused by a single-stranded
RNA virus of the family picornaviridae, a member of the
genus Aphthovirus (Belsham et al., 1993). The virus is
genetically highly variable (Mertinez.salas et al., 2011)
and has seven immunologically distinct serotypes;
Southern African Territories, SAT 1, SAT 2, and SAT 3,
serotypes, A (Allemagne), C (Island Riems), O (QOise)
and Asia 1 (OIE 2004). Within each serotype there are
numerous strains (Van regenmortel et al., 2000). The
incubation period for FMD virus is between 1 - 14 days
depending on virus strain and dose, as well as site of
infection (Artz et al., 2011). The virus is highly infectious,
and it is produced in high titer in respiratory secretions
and in large volumes, it is stable in natural environment
and replicates rapidly. Foot and mouth disease virus
spread rapidly in susceptible population. Infection of
any one of the serotypes does not cause cross immunity
against the other strains thus complicating the control of
the disease during outbreaks (Sellers et al.,, 1971). In
Kenya FMD is endemic with type A, O, C, SAT 1, SAT 2
and SAT 3 serotypes being the most common strains
(Vosloo et al., 2002), and has a prevalence of 52% in
Kenya and almost 100% in Western Kenya (Kibore et al.,
2013). Foot and mouth disease outbreaks are
associated with many risk factors, these include;
farm management, animal husbandry, animal trade,
herd immunity, and human activity (Bronsvoort et al.,
2005). While the virus can be transmitted from infected
animal to susceptible animal in a number of ways;
aerosol transmission which occurs mostly during
physical or close animal to animal contact often
following animal movement is the most common.
This is closely followed by ingestion of contaminated
materials; that can occur when there s
consumption of contaminated water, concentrates or
pastures (Donaldson et al., 2001). Long distance spread
can also occur through aerosol and fomite, or
contaminated inanimate objects especially, motor
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vehicles, clothes and skin of animal handlers such as
farmers and traders. Foot and mouth disease infected
animals have high fever of between 39.4-40.6°C (1083-
105°F), that declines rapidly after two or three days, they
develop vesicle lesions on dental pad, gums, soft
palate, nostrils, inter-digital space, coronary bands,
muzzle, teat, and on the tongue (Woodbury et al., 1995)
which later raptures leading to copious discharge of
contaminated saliva (foamy saliva and which is
drooling), nasal discharge, smacking of lips, grinding of
teeth, kicking of feet and lameness. Infected adult
animals often lose weight, are anorexic, mature males
develop swelling in the testicles, and in milking cows,
there is significant decline in milk production. Most
affected animals recover, a few, especially newborn
ones, may develops myocarditis and eventually die
(stenfeldt et al., 2014). Cattle farmers when faced with
household financial need would sell their animals to
meet these needs (African Union 2010). In livestock
trade, animals are moved from different production
system and long distances to the market where they
interact with animals from various sources and to
different destinations. Sometime animals are moved
through many markets before they get a buyer or before
they are to their final slaughter destination. Production
systems which bring in animals from other farms have
been found to be 2.2 times more likely to experience
FMD outbreaks compared to farms which do not bring
in animals from other farms (Bronsvoort et al., 2005). A
study in Equador by Lindholm et al. (2007) reported that
farms purchasing cattle from cattle market are 10.9
times more likely to have FMD outbreaks compared to
herds which have not purchased cattle from markets.
Allepuz et al. (2013) in their study in Tanzania had a
similar finding in which they reported that FMD
occurrence has a higher correlation with animal
movement and human activities and related this to
proximity to public roads and railway lines. Kenya has
an estimated cattle population of 17.5 million and with
an estimated annual off take of 2.9 million heads of
cattle. The contribution of cattle to Kenyan GDP is
estimated to be Ksh. 356.217 billion, of which
Ksh.53.960 billion is derived from domestic farming
(Behnke and Muthami 2011). In 2009, Kenya National
Bureau of Statistics (KNBS) estimated that livestock
provide about 45% of the total agricultural GDP in Kenya
(GOK, 2012). Furthermore, it is estimated that the
agricultural sector contributes about 26% of Kenya's
GDP, and employs about 75% of the population
(GOK 2005). In Kenya, beef production is mainly
practiced by the pastoralist community who own about
12.2 million head of cattle and produce about two thirds
of the Country’s red meat (Behnke and Muthami 2011,
Farmer et al., 2012). In Western Kenya, cattle farming is
practiced under small scale mixed farming system (Paul
et al, 2016). Semi-intensive management is the
preferred  management  system  with  animals

© 2021 Global Journals

communally grazed on open grazing fields. In case of
disease outbreaks under such management systems,
the effect would be huge since many cattle would be
exposed within a short time, and huge costs would be
incurred by the government and farmers to effectively
control such outbreaks, hence the need for enhanced
disease surveillance systems within the connected
markets. Therefore, the objective of this study was to
identify the risk cattle trading practices in the region
which is crucial for designing an efficient disease control
program and surveillance system.

[I.  MATERIAL AND METHODS

a) Description of study area

The study was conducted in Bungoma and
Busia Counties of Western Kenya. The counties were
purposively selected for the study because of their
geographical location; they lie at transit line of beef
cattle from producing counties; Turkana, West Porkot
and Keiyo Marakwet to urban and peri-urban beef
markets at Kakamega, Kisumu, Bungoma and Busia
towns (Fig. 1). Busia County is at the Kenya Uganda
border with two border crossing points at Busia and
Malaba towns, and the communities staying in this
county have their relatives in Uganda. Bungoma County
borders Uganda and is home to Mt. Elgon national park,
which is associated with FMD outbreaks in the region.
Busia county is estimated to have a surface area of
1,695 square kilometers (Km2) and a population of 816
452 people while Bungoma County has a population of
1,375,063 people and surface area of 2,069 km2. The
economy of the two counties depends on agriculture,
centering on livestock keeping and cultivation of
sugarcane, maize and cassava. The Zebu and their
crosses are the predominant breeds of cattle kept in the
region (Wanjara and Njehia 2014). There are three major
livestock marketing channels recognized in the region,
which include butchers, speculators and dealers. Other
actors in these markets are farmers, brokers
(middlemen), transporters, revenue collection officers,
and officers from veterinary office who issue movement
permits.

b) Study units

A total of six markets were considered in the
study, these markets were Bumala, Funyula and
Amukura in Busia county and Kamukuywa, Chwele and
Kimilili in Bungoma county. These markets were
purposively selected. Funyula and Amukura were
considered as major markets along Kenya Uganda
border, Kamukuywa, Bumala, Kimilili and Chwele
markets were considered as major markets located on
cattle transit routes from Northern Kenya: Kenya
Ethiopia border, Kenya Uganda Border through Turkana
and West porkot Counties to major urban centers in
western Kenya; Kakamega, Bungoma, Busia and
Kisumu, in search of better market prices for their cattle.



c) Data collection

This was a cross-sectional study in which data
was collected within a single period of time from the
study area. This design was chosen because it was
considered less expensive and required less time to
collect data using participatory epidemiological tools.
The data collected from this study allowed easy
computation of the statistics from which interpretations
were easily made. Data was obtained on the following
key areas; animal movement, disease control activities,
livestock trading activities, cattle pricing practices and
characteristic of respondents using a structured
questionnaire and focus group discussions (FGD) which
were guided by checklist questions. The questionnaires
were administered to traders who bought cattle from
study markets, on one-on-one interviews with the
respondents. Members of the focus group discussions
comprised of; two traders, two farmers, county revenue
collection officer and a staff from the sub-county animal
production office. Data obtained from these key
variables were on the sources and destination of
traded animals, knowledge on FMD outbreaks in the
region, if traders had been able to buy or sell cattle
during quarantine periods, how movement permits were
issued and their uptake by livestock traders, mode of
transporting of trade cattle and average time taken to
resale animals they buy, on isolation of traded animals
at traders own farms and how cattle evaluation was
done (table 1). More information was obtained from
published and grey literature on the prevalence and
strains of FMD in the region, structure and disease
surveillance of veterinary department and on
livestock management system in Western Kenya.

d) Data analysis

Questionnaire data were entered in Microsoft
Excel spreadsheet then exported to statistical
package on Social Package for Social Sciences (SPSS
20 Version) for analysis, while data obtained from oral
discussions was transcribed into Microsoft word for
further analysis. Qualitative risk assessment for the
spread of FMD in connected cattle markets and farms
was performed. The OIE risk assessment framework
(OIE 2004) and the guidelines of Zepeda (1998) were
used to do the qualitative risk assessment. The OIE risk
assessment framework entails: hazard identification,
release assessment, exposure assessment,
consequence assessment and risk estimation. The
following variables were evaluated and their risk ranked;
organization of the veterinary structure, conduct of cattle
traders, status of FMD in the region, cattle movement
and epidemiological surveillance systems in place. The
overall risk of release, exposure or consequences was
determined using a combination matrix (Table 2).
The descriptive scale developed by Zepeda, (1998) was
used to rank the risk of occurrence of each event
(Table 3).

e) The study questions

This study was attempting to answer the
question of what is the risk of spreading FMD virus
through cattle markets if infected animal is selected for
sale in western Kenya markets (Fig. 2). The overall risk
for the spread of FMD through cattle markets in the
study area was assessed as a function of the risk of
occurrence of the hazard and the consequences of that
hazard occurring. The risk of occurrence of hazard was
considered a product of the risk of release of FMD virus
from infected animal in the market, the exposure of
susceptible animal to FMD virus and the extent of
spread of the FMD pathogen (Figure 3). Consequence
assessment was done by considering the economic and
public health impact of the disease to the local
economy. The economic assessment was done by
considering the predominant cattle breeds in the region,
cattle uses, FMD status in the region and resources
used in disease control in case of outbreak. Public
health impacts were done by considering the zoonosis
of the disease and challenges of disposing animals
dying from the disease. The risk assessment in this
study focused on the spread of the FMD virus through
trade of live cattle activities. Spread through cattle
products and other animal species (sheep and goats)
were not considered in this study though it is a
possibility.

[II.  REsuLTs

a) Demographic characteristic of respondents and
Hazard identification

A total of 250 out of 271 questionnaires were
administered and completed by the respondents.
Twenty-one (21) questionnaires were not fully completed
and were therefore not used in the final analysis. Of the
250 traders who were interviewed, their distribution in
the study markets, age and level of education is as
given in table 4 and 5.

Prevalence of FMD virus in the region, practices
of cattle traders and disease surveillance systems in
place were considered in hazard identification. Data
from the study area of 2-4 confirmed FMD outbreaks,
positive response (98.4%) of traders on quarantine
imposed in the area for the last two years and other risk
practices of traders such as trading and moving animals
during the quarantine period (26%) and previous study
findings on FMD prevalence, serotypes, virus
characteristic and market biosafety confirms the
presence of FMD virus in the study area, (table 6A,
presence of quarantine, movement during quarantine,
confirmed FMD cases and FMD prevalence).

b) Release assessment

Risk of release of FMD virus into the cattle
market environment after introduction of an infected
animal was examined by considering four parameters
namely; risk of infected cattle moving through the
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livestock markets, survival capacity of the virus in the
environment, practices related to cattle marketing in the
region and volume of cattle traded in the study markets.

The risk of infected cattle moving through the
market unnoticed is a function of the risk of occurrence
of FMD in the region. This is dependent on; prevalence
of FMD virus in the region, efficiency of the surveillance
systems and FMD vaccination coverage. Prevalence of
FMD virus in the region as discussed on hazard
identification above was rated as high. The veterinary
network in Kenya is well structured at both the national
and county level. At the national level, there is the
Director of Veterinary Services (DVS), who at the county
level, is represented by the County. Director of
Veterinary services (CDVS). Sub-counties are under the
Sub-County veterinary officer (SCVO), assisted by
animal health assistants at the ward level. The CDVS are
in charge of all disease control activities in their
territories. Acute shortage of staff and funding were
observed in the study, these present challenges in
disease control and surveillance. Low coverage of
animal vaccination was also observed, which was
attributed to the fact that farmers paid for these
vaccinations and most times, vaccinations were carried
out long after the outbreaks had been contained,
therefore farmers did not see value for this intervention.
Due to poor funding whenever there was an outbreak it
took time to collect and present samples for FMD
confirmation and serotype identification at FMD
laboratories located in Embakasi, Nairobi. The only
laboratory with capacity to confirm FMD outbreaks in the
whole Country, located over 400 km from the study area.
The procurement of vaccines would delay the response
time and at times even after the vaccine had been
procured there would be further delay due to
logistics of assembling the vaccination teams and
transportation logistics. The low vaccination coverage
implied continued presence of FMD virus in the study
area. Data from focus group discussion revealed that
sometimes it took up to six months to lift the imposed
quarantine, with this lifted often without any vaccination
campaign organized due to lack of funds. It was
concluded that there was limited capacity with respect
to disease surveillance, reporting and control of
notifiable diseases in the area. Based on this information
i.e almost 100% sero-prevalence of bovine FMD virus in
Western Kenya, low vaccination coverage, poorly
funded and understaffed veterinary departments, the
risk of an FMD infected cattle moving through a cattle
market unnoticed was categorized as high, (table 6D,
veterinary network, staffing, funding and response time
to an outbreak).

In the study area cattle are mainly kept in
small scale mixed farms under semi-intensive
management system, in which neighbors share grazing
fields and watering points (table 6C, management
system). Majority of the livestock traders (87%) do not
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observe any bio-security measures (at their farms and
market) while 61.3% trekked their traded cattle to and
from the markets, animal movement permits were
issued without consideration of animal disease situation
in the area and some traders (26.8%) were moving
animals without movement permit, (table 6B, transport
mode and obtain movement permit). The survival of
FMD virus in the environment was rated high.

Cattle marketing practices which  were
considered include mode of transporting trade animals
(61.2% trekked), time taken to resale animal bought
from the market (86.6% sold their stock within four
days), animal evaluation (47.6% used visual evaluation
while 31.2% used both visual and weight evaluation),
source, origin and destination of animals and trader’s
level of respect and actions with regard to quarantine
measures. Based on trader’s response on above
factors, the risk of disseminating FMD virus by
movement of trade animals was thus rated high.

On average, at each market day the 250 traders
transacted a total of 2,052 animals which translates to 8
animals per trader per day. The risk of FMD spread was
rated high given that hundreds of animals are traded
each market day, their source and origin vary, and are
destined to markets within and outside the region (table
6B, animal source, origin and destination)

c) Overall release assessment

The matrix proposed by Zepeda (1998) was
used in the overall release assessment. The risk of FMD
virus release from infected animal to the environment
was a function of combination of risks relating to the risk
of an infected animal moving through the livestock
market chain which was rated high, the risk of FMD virus
survival in the environment which was rated high, risks
due to trader’s marketing activities categorized as high,
and risk due to volumes of traded cattle rated as high.
The risk of traded cattle contaminating the environment
with FMD virus was rated as high (Fig.3, A).

d) Exposure assessment

The parameters considered in determining the
risk of exposure were; risk of market animals making
infectious contacts, risk of cattle from markets not being
quarantined and risk of FMD transmission within and
between the farms.

Herd immunity is a function of vaccination
coverage and vaccine efficacy. Vaccination coverage
depends on vaccination campaign efficiency and
commitment of farmers to present their cattle for
vaccination. Data obtained in the study revealed that
farmers were not willing to present their animals for
vaccination, likely because of limited resources, but also
because they did not see the value of this intervention
since their animals were not always sick at the time of
the vaccination, (table 6D, Vaccination coverage
(poor) and herd immunity (low)). The study observed
that veterinary departments do not have enough



resources to carry out regular vaccinations, sometimes
vaccinations were carried out long after the outbreaks
had been contained. Generally, vaccination coverage
was low. Based on the fact that there are seven
immunologically distinct serotypes each with numerous
strains and given that infection with any one of the
serotypes does not confer immunity of the other
serotypes, a large proportion of cattle population were
susceptible to the disease (table 6A, FMD serotypes
and virus characteristic). In the market, each trader or a
group of traders grouped their animals together. Market
grounds were often used as grazing fields by the
surrounding community during non-market days (table
6A, market bio-security). Based on the above that there
were no regular FMD vaccinations, low commitment
from livestock farmers to take animals for vaccinations,
and low bio-security measures observed in the market
the risk of FMD infected animals making infectious
contact in the study markets was considered to be high.

It is common for traders to take purchased
animals to their farms, for fattening or perhaps awaiting
the next market day. Animals purchased from the
markets were grazed, watered and penned together with
other animals in the farm without proper examination
and observation for disease (table 6C, Isolation at
farms). If any of the animal brought into the farm was a
carrier or had sub- clinical FMD it would contaminate the
whole farm and infect all susceptible animals in that
farm. Effective quarantine requires complete restriction
of animal movement, while being examined for
development of diseases; proper restraining facilities
such as fence and trained personnel were needed.
Considering the setting of farms in western Kenya
(Wanjara and Njehia 2014), this was not possible at farm
level which implies a high risk of spreading FMD from
animals bought from markets to animals found
in the farms.

The risk of FMD transmission to susceptible
animals was assessed by considering the mode of
spread of FMD virus and the virus characteristic in terms
of virus production, virus survival in the environment and
infectiousness. FMD spreads rapidly through movement
of infected animals or mechanically through fomites
such as contaminated vehicles, visitors and animal
handlers, clothing, feeds, and veterinary inputs. The
virus is produced in high titer and in large volumes by
infected animals, it is stable and replicates rapidly and
has a short incubation period of 2 to 12 days.
Additionally, it has many serotypes, and immunity
against one strain does not confer immunity against
other serotypes, causing challenges in the disease
control, (table 6A, FMD serotypes and virus
characteristic). Traders were not taking any bio- security
at their farms, trade animals were not quarantined and
their farms were not isolated from neighboring farms,
they were moving from one market to another and were
able to resale their animals within a short period of time.

(table 6B, time to resale), Based on the above facts the
risk of FMD virus transmissions was rated high.

e) Overall exposure assessment

The risk of exposure resulting from the
combination of the four parameters examined: risk of an
infected animal making susceptible contacts (high), risk
of marketed animals making infectious contacts (high),
risk of cattle from the market not being quarantined
(high) and risk of FMD transmission within and between
the farms (high), was thus considered to be high
(Fig. 3, B).

) Magnitude of the consequences

Outbreaks of FMD in Western Kenya have high
economic impacts to the local economy. Though
farmers do not loose animals to the disease, but when
livestock markets are closed, traders cannot sell or buy,
thus they lose sources of their daily income (they cannot
meet their family obligations such as paying school fees
for their children). Furthermore, the government would
spend a lot of resources for ring vaccinations to control
the outbreak. There is negligible impact on public health
since the disease does not affect humans and the
disease has low mortality. The magnitude of the
consequences was thus rated as moderate.

g) Overall risk assessment

The overall risk assessment for occurrence of
the hazard (FMD virus spread) in western Kenya was
considered to results from the combination of all
perceived risk factors assessed under risks of release
and exposure and both cases considered as high. Thus,
the risk of occurrence was considered to be high (Fig. 3,
C). The overall risk was assessed as the combination of
the risk of occurrence (high) and of the consequences
of occurrence (moderate), thus rated as high (Fig.3, D).

V. DISCUSSION

This study used a simple and acceptable
methodology as described by world organization — of
animal health (OIE). It is a preliminary step in the
process of building more sophisticated qualitative or
quantitative risk assessment models. The data collection
methods used in the study has been used by other
epidemiological survey study of, risk assessment in
Danish swine population (Bronsvoort et al., 2005). The
study is the first of its kind in the region, therefore forms
the basis of more funded and structured studies to
be used in disease surveillance policy formulation.
All the markets selected for the study lacked the basic
faciliies and adequate staff for screening cattle
diseases making it possible for infected animals to go
through the market un-detected. This is especially so
when dealing with cattle traders whose main objective is
moving from one market to another while buying and
selling to make profit.  This implies that FMD infected
animal could be moved in more than one market before
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showing clinical signs of the disease, in the process
infecting many animals. Most of the traded animals were
trekked to and from the market, this causes more
environmental contamination as the animals’ graze,
drink, defecate and sometimes they get into contact with
other animals while on transit. Traders were not taking
much consideration of the immunity status of the cattle
they handled, they were estimating animal value by
palpation of the animal with bare hands and generally
there was lack of bio- security measures in their farms
and the markets they visit which is a concern for the
success of FMD control. The movement of FMD infected
cattle to the market has been reported as a risk factor in
the FMD virus spread during the outbreaks in Britain and
Netherland (Donnelly et al., 2001). Lack of enforcement
of restrictions for animal movement and trade on non-
vaccinated animals were some of the factors which
enable FMD infected cattle to reach the market thus
making them a hub of disease transmission. Movement
permits were being issued as a formality in the markets
visited as opposed to being a disease surveillance tool,
cattle were not being examined prior to issuance of
movement permit and not all traders obtained the permit
yet they were able to move their animals. The capacity
of veterinary department with respect to veterinary
disease surveillance, reporting and control of notifiable
diseases in the area were affected by shortage of both
staff and funds. This has the potential to cripple its
ability to carry out effective disease surveillance. For
instance, due to poor funding and staffing of veterinary
department whenever there was an outbreak it took time
to collect samples send them to the FMD laboratory for
confirmation and serotype identification, procure
vaccines, assemble a temporally vaccination team and
organize transport logistics. For this reason, disease
quarantine could take up to six months to be lifted in the
study area, this discourages traders whose only source
of income is buying and selling of cattle and in the
process, they find ways to violate the quarantine law
thus putting the cattle population at risk of spread of
communicable diseases. Traders confirmed as being
able to trade and move animals when there was
quarantine in place. This was possible as buying and
selling can take place at farms and along the roads
outside the market, an indication of lack of adequate
reinforcement. Despite the fact that FMD was endemic
in western Kenya, vaccinations were irregular and
characterized by poor turnout. This was attributed to the
fact that farmers paid for these vaccinations and most
times, vaccinations were carried out long after the
outbreaks had been contained. With poor turnout there
is low vaccination coverage which results to low herd
immunity and therefore a large susceptible population.
The overall results for this study support the hypothesis
that cattle marketing activities in Western Kenya have a
potential effect on the transmission of FMD within
connected farms and systems.
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V. (CONCLUSION

The study calls for adequately funding of the
veterinary department to enable it improve on its
capacity to conduct adequate and efficient
epidemiological surveillance. Veterinary officers needs
to follow due procedure in issuing of movement permit
and putting in place of quarantines and law enforcement
agents needs to implement them fully while farmers and
traders needs to respect the quarantines. There is need
to review animal movement policy in the country in order
to have structures in place to trace cattle movement and
to improve on the perception on movement permit and
quarantines in the region, they should be regarded as
tools of disease control as opposed to revenue
generating tools. There should be collaboration of the
National government of Kenya and respective county
governments to conduct subsidized FMD strategic
vaccination programs to improve on herd immunity thus
reducing the virus survival in the environment. Market
place facilities need to be improved by provision of
weighing scale and other bio-safety measures. Traders
should be organized to form groups / cooperative and
trained on roles they play on spread of cattle diseases
and tracking animal movement.
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Figure 1: Map of Kenya showing study area (Busia and
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Figure 2: Risk assessment framework for the spread of foot and mouth disease through cattle markets in western Ken

A. Risk of release

1. Infection prevalence, high

high
2. Virus survival, high
high
3. Cattle trade practices, high
high

4, Volume of trade, high
B. Risk of exposure

4. Risk of susceptible contacts, high

high
5. Risk of infectious contacts, high
high
6. Trade cattle quarantined, high
high

7. Risk of transmission, high
C. Riskof occurrence of hazard

Risk of release (A), high

high

Risk of exposure (B), high
D. Overall risk assessment

Risk of occurrence of hazard (C), high

high
Consequence of occurrence of hazard, moderate

Figure 3: Risk of occurrence of various risk factors using descriptive scale and classification matrix defined by
Zepeda (considering two factors at a time)
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Table 1: Variablestogether with their measurements

Variable How variable was measured
FMD prevalence Expressed in percentage (%) from previous study findings
FMD serotypes Expresses in No. of FMD strains reported to have been confirmed in the

country by previous studies

Virus characteristics As described by other studies

Market bio-security Described by observing various market place parameters and traders’
activities

Confirmed FMD No. of FMD confirmed cases as obtained from FGD

cases

Movement during Categorized into two levels, 1) Yes, traders were able to move animals

Quarantine through quarantine area and, 2) No, traders were not able to move animals

through quarantine area

Presence  of Traders were asked if there has been any quarantine in their area of operation
quarantine and Categorized into two levels, 1) Yes, 2) No.
Mode of transport Trade animals were transported to and from the market by, 1) Trucking
2) Trekking
Movement permit Traders were grouped into 1) Yes, those who obtained animal

movement permit and,

2) No, those who did not obtain movement permit

Origin of animal Categorized into 4 levels depending on where animals traded were
coming from. 1) Same county, 2) Neighbouring county, 3) Distant

county and 4) Uganda

Animal destination Categorized into 3 levels based on where animals bought from study
markets were to go. 1) Same county, 2) Neighbouring county and, 3)

Distant county.

Time to resale Traders were categorized into 3 levels depending on the time they take to
resale the animals they bought from study markets, 1) 1-2 days, 2)3- 4
days, 3) 5and above days

Source of animal Animals brought for sale were obtained either from 1) Farm or 2) other
Markets

Purpose of buying Animals bought from study markets were either for 1) Resale, 2) Slaughter, 3)

Breeding or

4) Others

Animal evaluation Animals were evaluated to estimate their value by 1) Weight, 2) Visual or 3)
both
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Isolation at farm Traders are supposed to isolate their trade animals from other animals at
their farms. There were two groups, 1) Yes, isolates trade animals at their

farms. 2) No, do not isolate trade animals from other animals at their farms

Management system This was based on the findings of other studies in the region

Veterinary stuffing, | These were based on how they were described by the FGD

network and funding

Vaccination This was based on information from the veterinary records and information
coverage from FGD
Heard immunity Assessed by considering the vaccination program in place and turn out to

those vaccinations

Response time to This is days taken from when an outbreak is confirmed to when an appropriate

outbreak action is taken.

Table 2: Combination matrix table used when two parameters are considered (Zepeda Sein1998)

Risk of Risk of parameter
parameter |
Negligible Low Moderate High
Negligible Negligible Low Low Moderate
Low Low Low Moderate Moderate
Moderate Low Moderate Moderate High
High Low Moderate High High

Table 3: Interpretation of Qualitative risk ratings (Zepada sein 1998)

Term Meaning on event occurrence Meaning for consequence

Negligible Occurrence of the event is possible Low or no impact
Only on exceptional circumstances
Low Occurrence of an event is a possibility Minor impact

in some cases
Moderate Occurrence of the event Is a possibility Average impact

High Occurrence of the event is Clearly a possibility Serious impact
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Table 4: Distribution of respondents and the number of animals they traded.

No. Cattle market No. of sampled No. of cattle
Traders Traded

1 Funyula 18 93

2 Bumala 20 141

3 Amukura 15 73

4 Chwele 40 347

5 Kimilili 76 677

6 Kamukuywa 80 721
Total 250 2052

Table 5: Demography of the respondents.

Demographic factor Demographic category frequency (n=250) Percentage (%)

0 - 30 years 56 22.4

Age 30 - 50 years 141 56.4

50 and above years 53 21.2
No formal education 40 16

. Primary education 96 38.4

Education Secondary education 84 33.6
Post-secondary education 30 12
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Table 6: Summary table of responses of themes and variables as obtained from the study

Theme . Response frequency Variable
b Theme Variables . Source
number and percentage (n=250) | rating
Presence of quarantine Yes — 246 (98.4) High Traders
A FMD Movement during No-4 (1.6 .
prevalence and quarantine Yes — 65 (26) High Traders
Confirmed FMD FMD No - 185 (74) .
virus prevalence FMD 2 — 4 outbreaks High FGD
serotypes Virus (50 -100%) High Kibore et al. (2013)
characteristic characteristics Market Six strains High Vosloo et al. 2013
bio-security No cross immunity Two out | High Sellers et al. 1971
of six markets fenced, .
cattle randomly mixed in High Traders
the market
, Mode of transport Truck — 97 (38.8) High Traders
B Animal Trek — 153 (61.2)
movement Movement permit Yes - 183 (73.2) High Traders
No - 67 (26.9)
Same county -763 (37.1)
Origin of animal Neighbouring county High Traders
~697(33.9)
Distant county-507(24.7)
Animal destination Uganda - 85 (4.1) Same High Traders
county — 780 (38)
Neighbouring county
~ 676 (32)
Time to resale Distant county — 596-(29) | High Traders
1 2days—139 (55.6)
Source of animal 3 -4 days - 75 (30) High Traders
5 days and above-36 (14.4)
Farm - 54 (21.6 ;
Purpose of buying (216) High Traders

Market — 196 (78.4)
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Maize Vegetative Growth Response to Poultry
Manure and Sowing Date during Delayed onset
of Rainfall in a Humid Agroecology of Nigeria

N. C Adikuru * & I. J Ogoke °

Abstract- Soil moisture deficit due to delayed onset of rainfall
creates stress conditions at the early season when maize is at
the early vegetative stage of growth. In 2009 and 2010 the
impact of poultry manure and sowing date on maize
vegetative growth during delayed onset of rainfall was
assessed in a rainforest agroecology of Nigeria. The
treatments comprised four sowing dates (February 28, March
15, March 30 and April 14), three maize varieties (TZE
COMP3C3, TZL COMP4C3 and OKA AWAKA) and two poultry
manure rates (0 and 10 tons ha™). These treatments were
arranged as a split-split plot and laid out in randomized
complete block design with three replications. Maize
vegetative parameters, including height, number of leaves, leaf
area and stem dry weight were significantly affected by year of
cropping, thereby indicating inter-annual variability in climatic
variables. At 42 days (6 weeks) after planting, soil moisture
deficit reduced height, number of leaves and leaf area by 55.7,
22.2 and 65.5 % respectively and consequently led to 80.3 and
73.0 % reduction in dry weight of stem and leaf respectively
when maize was planted on February 28 compared to March
30. However, application of poultry manure reduced the
impact of moisture deficit and led to improvement in height,
number of leaves, leaf area, stem and leaf dry weight by 131.6,
44.2,184.3, 211.4 and 215.8 % respectively. This study shows
that during delayed onset of rainfall in the rainforest
agroecology of Nigeria, maize vegetative growth and dry
weight can be enhanced through delayed planting and
application of moisture conservation strategies including
poultry manure application.

Keywords: delayed onset, maize, moisture deficit, poultry
manure, rainfall, sowing date.

. INTRODUCTION

hange in rainfall pattern is a manifestation of

climate change (Jones and Thornton, 2003). It is

characterized by delayed onset and early
cessation and leads to the shortening of the growing
season across southern (humid) Nigeria in particular
(NIMET, 2008). Delayed onset of rainfall causes soil
moisture deficit, high solar radiation, reduced humidity
and high evapotranspiration there by creating moisture
stress condition at the early season (Campos et al.,
2004). Solar radiation receipts in this region are highest
around October/November (rainfall cessation) and
February /March (rainfall onset) while lowest values are
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recorded around June/July (rainfall peak) (Augustine
and Nnabuchi, 2010). With a mean maximum
temperature between 30°C and 32°C almost through the
year (Adejuwon, 2004), evapotranspiration exhibits
similar trend as solar radiation with high rates between
February and March and lowest rates between July and
September (Chinekeet al., 2011). The tendency
therefore is for spells of soil moisture deficit to occur in
these humid areas (Adejuwon, 2004) particularly
between February and April. According to Adikuruet.
al.,(2020), delayed onset of rainfall in Owerri,
southeastern Nigeria is the consequence of a shift in
rainfall pattern within the months of February and March
and it results in moisture deficit. Prior to the incidence of
climate change, maize was traditionally planted at the
beginning of the rains in March. Therefore the period of
delayed onset of rainfall when moisture deficit often
occurs in this location, coincides with the early
vegetative stage of maize growth. The vegetative stage
of maize development is physiologically designed for
interception of radiant energy and conversion of same to
dry matter (Maddoni and Otegui, 1996; Moore et. al.,
1998) which is later remobilized to the kernels during the
period of rapid kernel growth (Setter and Meller, 1984).
Hence, moisture stress at the vegetative growth stage
causes reduction in total biomass accumulation (Otegui
et. al., 1995; Khan et. al., 2001) through its effect on cell
enlargement and cell division and consequently leaf
expansion (Jones, 1992; Nonami, 1998).The high
sensitivity of leaf growth to water deficits is considered
to be a ‘stress avoidance’ mechanism, because it
enables plants to tolerate severe drought conditions by
saving soil water (Lopes et. al., 2011).The objective of
this study was to assess the performance of maize
planted at different dates with a view to determine the
impact of moisture deficit on the vegetative growth of
maize in Owerri.

[I.  MATERIALS AND METHODS

a) Location of Experimental Site

This experiment was carried out in 2009 and
2010 at the Teaching and Research Farm, School of
Agriculture  and  Agricultural  Technology, Federal
University of Technology, Owerri. The experimental site
which is in the rainforest ecological zone of Nigeria lies
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between latitudes 5° 20'N and 5° 27'N and longitudes 7°
00'E and 7° O7'E. The location which is found in
Southeast Nigeria, experiences annual rainfall of 2500
mm and minimum and maximum annual ambient
temperature of 20°C and 32°C respectively, while the
soils are classified as Arenic Hapludiult (USDA, 1999).
The rainfall pattern is seasonal and double maxima with
a short dry season period (commonly referred to as
August break) from July to August (Odjugo, 2005).

b) Treatments and Design of the experiment

The experiment which was laid out as a split-
split plot in randomized complete block design
comprised four sowing dates (February 28, March 15,
March 30 and April 14), two poultry manure rates (0 and
10 tons per hectare) and three maize varieties. The
treatment combinations obtained (24)were replicated
three times. While maize varieties constituted the sub-
subplot, poultry manure was the sub-plot treatment and
sowing date the main plot. Each sub-subplot measured
3.75 x 3.0 m? subplots measured 3.75 x 11.0 m? and
main plots measured 8.5 x 11.0 m? The International
Institute for Tropical Agriculture in lbadan Nigeria
supplied the seeds of the maize varieties- TZE
COMP3CS8 (early maturing) and TZL COMP4C3 (late
maturing)- while the third variety (OKA AWAKA) was a
landrace from Awaka in Owerri North local government
area of Imo state, Nigeria.

[11. DATA COLLECTION & STATISTICAL
ANALYSIS

A population of 53,333 plants ha' was
established by planting two maize seeds per hill at a
spacing of 0.75 x 0.25 m and thinning the seedlings to
one per hill at three weeks after planting (WAP). After
growing for 6 weeks (42 days), the plant height, number
of leaves, leaf area, stem and leaf dry weight of the
maize varieties were measured. Subsequently, analysis
of variance procedures for a split-split plot design using
Genstat 7.2 (Discovery Edition 3) were employed in
analyzing the data. Means were separated using the

least significant difference.

[V. RESULTS AND DISCUSSION

a) Description of climatic variables at the study location

The total rainfall received at the study site for
the period of the experiment (February — August) in 2009
and 2010 was 1,816.4 and 1191.9 mm respectively. In
2009, the location experienced average maximum and
minimum temperature of 34.5 and 17.4°C, while in 2010
it was 37.3 and 18.3°C respectively (Table 1). Average
relative humidity for the location was 79.5 and 76.6 % for
2009 and 2010 respectively. Obviously, the location
received more rainfall in 2009 than 2010. This resulted in
higher relative humidity and lower temperature (79.5 %
and 34.5°C) in 2009. Therefore drier conditions were
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experienced in 2010 when compared to 2009 thereby
indicating inter-annual variability in climatic condition in
the study location. These temporal variations which are
prevalent within the country (Afangideh et. al., 2010)
indicate uncertainty in climatic variables from year to
year. Therefore performance of maize in the location will
depend on the prevailing climatic conditions in a season
(Adikuru et. al., 2020). However, within both seasons the
pattern of rainfall was largely the same.

b) Maize vegetative growth response to season
Inter-annual variability in climatic conditions at
the study location is confirmed by the significant
differences in height (p=0.019), stem dry matter
(p=0.015) and highly significant differences in leaf area
(p=0.004) between 2009 and 2010 (Table 2). This is an
indication of uncertainty in climatic variables from year to
year (Adikuru et. al., 2020) and significant impact of
climatic factors on maize development (Oluwaranti et.
al., 2015). The difference in climatic factors between the
years led to significant differences in maize vegetative
growth. Hence, the effect of year x variety interaction
was highly significant on height (p=0.003), number of
leaves (p=0.001) and leaf area (p=0.003). Adikuru et.
al., (2020) had reported that inter-annual variability in
climatic factors only caused a minor year x variety
interaction effect at the reproductive stage of maize
development. This suggests that the effects of change
in climatic factors are more significant on maize at the
vegetative than the reproductive stage of development.
This is due to the fact that moisture stress associated
with climate change in the area occurs at the early
vegetative stage of maize development. Furthermore,
increase in soil moisture availability at the later stages,
due to increase in rainfall, enables maize to recover from
the adverse effect of moisture deficit at the early stages.

c) Effect of time of planting on maize vegetative growth

The effect of time of planting was highly
significant (p=0.001) on all the parameters (Table 3).
This must have resulted from the variation in available
moisture determined by the prevailing rainfall and
temperature conditions at the different time of planting.
Across the planting months and in both years, total
rainfall at the study site was lowest in February (65.8 and
36 mm) and highest in April (237.8 and 125.5 mm),
while maximum temperature was generally the same.
Consequently, moisture availability was lowest in
February and highest in April most likely due to higher
evapotranspiration in February when compared to April
(Odjugo, 2010; Chineke et. al., 2011). Maize planted on
March 30 did not differ significantly from maize planted
on April 14 in all parameters except in leaf area where it
grew significantly greater by 14.3%. Therefore during
delayed onset of rain in this location, optimum
vegetative development of maize can be achieved by
delaying planting till about March 30.When compared
with maize planted on February 28, maize planted on



March 30 had 125.9, 28.5, 190.2, 408.8 and 270.5 %
increase in plant height, number of leaves, leaf area,
stem and leaf dry matter respectively. This implies that
moisture deficit caused a 55.7, 22.2 and 655 %
reduction in height, number of leaves and leaf area
respectively when maize was planted on February 28
compared to March 30. Accumulation of dry matter in
stem and leaf was therefore reduced by 80.4 and 73.0 %
respectively due to moisture deficit. Maize is affected
directly and indirectly by moisture stress at all stages of
development with the overall effect being the reduction
in growth (Schussler and Westgate, 1991; Danquah et.
al., 2001; Khan et. al., 2001; Anjum et. al., 2011). At the
vegetative growth stage, reduction in plant height, stem
diameter and leaf area with increasing water stress
causes reduction in total biomass accumulation (Khan
et. al, 2001). Reduction in dry matter production when
maize encounters water deficit is a result of decline in
photosynthesis per plant. Decline in photosynthesis can
be due to a reduction in light interception as leaf
expansion is reduced or as leaves senesce, and to
reduction in carbon fixation per unit leaf area as stomata
closes or as photo-oxidation damages the
photosynthetic mechanism (Bruce et. al., 2002).

d) Response of maize vegetative growth to poultry
manure application

The effect of poultry manure application was
highly significant (p=0.001) on all the parameters (Table
3). Maize height, number of leaves, leaf area, stem and
leaf dry matter significantly increased by 106.2, 24.0,
159.0, 117.5 and 115.9 % respectively in response to 10
tons ha™ of poultry manure. Similar result had been
reported by Uduma and Eka (2006). Poultry manure
improves soil organic matter, increases availability of
exchangeable cations and thus enhances crop growth
(Onwuka and Asawalam, 2006; Boateng et. al., 2006).
Significant sowing date x poultry manure effect indicate
that response of maize vegetative parameters to poultry
manure application was highly dependent on time of
planting (Iken and Amusa, 2004). It also showed that
application of poultry manure reduced the impact of
moisture deficit and led to improvement in height,
number of leaves, leaf area, stem and leaf dry weight by
131.6, 44.2, 184.3, 211.4 and 215.8 % respectively after
42 days from planting. The greatest responses
occurred when maize was planted on February 28 and
April 14. This suggests that when maize is planted
before the onset of rains, poultry manure could absorb
the moderate moisture available in the soil and release
same along with nutrients at dry moments. When the
rains are established, the role of poultry manure
basically becomes the supply of nutrient elements.
Therefore poultry manure could play a dual role of
supplying nutrient and moisture conservation (Ewulo et.
al., 2008; Adeyemo and Agele, 2010). However, this
study could not determine the extent to which each role

contributed to the total effect on vegetative growth. The
response of maize varieties to poultry manure
application did not differ significantly in all the
parameters except number of leaves (p=0.002), just as
the effect of poultry manure on all the parameters except
stem dry matter did not differ significantly between the
years. The year x sowing date x poultry manure
interaction was highly significant (p=0.001) on all the
parameters except leaf dry matter. This shows that the
effect of poultry manure neither depends on the variety
of maize nor the year but in response to time of planting
the effect of poultry manure depends on the year. The
implication is that response of maize vegetative
development to application of poultry manure (and
perhaps other amendments) in the location depends on
time of planting (lken and Amusa, 2004). This may be
attributed to differences in moisture availability at the
different planting times since moisture is required for
absorption and translocation of dissolved nutrients.

e) \Varietal differences in vegetative growth of maize

Among the maize varieties, significant
differences occurred in plant height (p=0.016) while
highly significant differences (p=0.001) occurred in
number of leaves and leaf area(Table 4). When
compared with TZL COMP4 C3, the landrace OKA
AWAKA grew taller by 14.7 % had 6.6 % more leaves
and 21.7 % larger leaf area. Similarly, OKA AWAKA had
6.8 % more leaves and 20.1 % larger leaf area when
compared with TZE COMP3 C3. There were no
significant differences between TZE COMP3 C3 and TZL
COMP4 C3 in all the parameters. According to
Ngwutaet. al. (2015), maize landrace varieties planted in
southeastern Nigeria are usually significantly taller than
improved varieties and phenotypic variations among
maize genotypes are attributable to genetic and
environmental control. The effect of sowing date x
variety interaction was significant on plant height
(p=0.012) and highly significant on number of leaves
(p=0.002), stem dry matter (p=0.001) and leaf dry
matter (p=0.001). The year x sowing date x variety
interaction was however, highly significant on only
number of leaves (p=0.001). This indicates that the
vegetative development of maize varieties depended
largely on the time of planting but this response of
maize varieties to time of planting did not depend on the
year. Therefore, the maize varieties used in this study
differed in their sensitivity to moisture deficit at the
vegetative stage within a season and this effect was
largely the same from season to season. This suggests
the existence of variability for development of drought
tolerant maize genotypes adaptable to the rainforest
agroecology.

V. CONCLUSION

Moisture deficit occurs in Owerri southeast
Nigeria at the early season when maize is at the early
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stage of vegetative development. As expected,
vegetative development of maize was significantly
reduced and this also led to reduction in dry matter
accumulation. However, sensitivity to moisture deficit
varied among maize varieties. Therefore exploitable
variability exists for development of drought tolerant
maize genotypes adaptable to the rainforest
agroecology. From this study, we conclude that
delaying planting and applying poultry manure for
moisture conservation and nutrient supply are effective
strategies to reduce the impact of moisture deficit on
maize growth in the rainforest agroecology.
Furthermore, landraces may be very important as
genetic reservoir for the development of drought tolerant
varieties in the region and therefore needs preservation.
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Table 1: Rainfall temperature and relative humidity in 2009 and 2010 at Owerri Nigeria

Rainfall (mm) Temperature (°C) Relative humidity (%)
2009 2010
2009 2010 Max. Min. Max. Min. 2009 2010
January 394 33.0 34 15 37 17 76 72
February 65.8 36.0 35 14 36 19 78 71
March 81.5 36.2 35 15 36 19 76 70
April 237.8 125.5 35 14 37 18 80 76
May 250.2 382.0 34 15 30 18 79 77
June 208.9 207.7 36 17 38 19 80 78
July 486.3 86.1 33 18 39 19 87 80
August 485.9 318.4 33 18 39 18 89 83
September 558.1 382.2 32 20 39 18 79 80
October 207.2 398.8 37 21 39 18 83 79
November 111.8 108.6 35 21 39 19 76 78
December 0.0 0.0 35 21 39 17 71 75

Table 2: Analysis of Variance for maize vegetative parameters at 6 weeks after planting

No. of Stem Dry Leaf Dry

Sources of variation  df Height Leaves Leaf Area Matter Matter
Replication 2 339.10 0.71 162124.00 3.41 13.40
Year (Y) 1 1618.30* 2.56 2333984.00** 202.49* 53.89
Error a 2 32.20 0.42 8996.00 3.01 4.35
Sowing Date (SD) 3 11460.50** 28.15** 9223812.00** 184.75** 478.68**
Y x SD 3 1409.40 1.07 1994467.00** 44.76** 14.90
Error b 12 466.30 1.16 80194.00 2.62 6.75
Poultry Manure (PM) 1 40299.60** 68.89** 42670399.00** 155.79** 536.27**
Y x PM 1 4.40 0.05 6459.00 25.35** 1.52
SD x PM 3 3429.20** 2.25** 3779076.00** 32.65** 85.53**
Y x SD x PM 3 2184.60** 3.10** 275023.00** 8.25** 0.44
Errorc 16 108.40 0.13 126918.00 0.89 2.37
Variety (V) 2 604.40* 2.92%* 928142.00%* 1.95 0.08
YxV 2 884.60** 2.18** 717457.00** 212 5.69
SDxV 6 410.40* 0.93** 223388.00 4.31** 9.44**
PM xV 2 2.10 0.97* 184835.00 0.66 2.46
YxSDxV 6 235.70 1.88** 80775.00 1.06 3.60
Y xPMxV 2 183.80 1.97** 405798.00* 0.91 2.07
SDxPMxV 6 131.20 0.67* 185144.00 1.06 3.56
Y x SDx PMxV 6 121.90 0.94** 203053.00 0.91 2.59
Error d 64 137.60 0.23 112337.00 0.76 2.20
Total 143

** and * indicate significance at 1 and 5 % levels of probability respectively
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Absiract- The aim of this study was to evaluate the growth
performance of Doyogena sheep under community based
breeding scheme in Doyogena district. The district was
chosen purposively due to the existence of sheep breeding
cooperatives. Data on birth weight (BW), 90-day weaning
weight (WW) and six-month weight of 584 lambs born in
Doyogena community based sheep breeding cooperatives
over the period of 2013-2015 were collected and used for this
study. Pre-and post weaning average daily gain were also
estimated. Data were subjected to analysis of variance using
the GLM procedure of SPSS. The overall least square mean
weight of Doyogena sheep at birth, at 3and 6 months of age
were 2.9, 12.1 and 18.9 kg, respectively. The pre- and post-
weaning average daily weight gains were 103.6 and
67.3g/day, respectively. Birth type, sex and year had
significant effect on birth weight (BW), weaning weight (WW)
and six-month weight; whereas parity and birth type on year
had significant (P<0.05) influence only on BW. Similarly, birth
type, sex and year significantly affected by pre-weaning
average daily gain (ADG) and post weaning ADG. There was
variability in growth traits within breed, which were significantly
influenced by non-genetic factors. Therefore, further selection
among the flock for preferred productive traits to achieve
higher lamb crop with superior growth performance should be
prioritized.

Keywords: breeding, community based, lamb, growth-
performance, Doyogena sheep.

. INTRODUCTION

heep is one of the most important livestock
species in Ethiopia with an estimated number of

30.7 million (CSA, 2014) found in cool alpine
climate of the mountains to the arid pastoral areas of the
lowlands. Phenotypic characterization had categorized
into 14 sheep breeds of Ethiopia (IBC, 2004; Workneh et
al., 2004) which later Solomon (2008) reduced it to 9
through molecular characterization.

In  Ethiopia, the livelihood of smallholder
households depends to a great extent on livestock
production. Sheep contribute substantial amounts to
income, food (meat and milk), and non-food products
like manure, skins and wool. They also serve as a
means of risk alleviation during crop failures, property
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security, monetary saving and investment in addition to
many other socio economic and cultural functions
(Markos, 2006; Adane and Girma, 2008). The
indigenous sheep breeds have immense potential to
contribute to the livelihood of low input smallholder
farmers, and the pastoral community (Kosgey and
Okeyo, 2007). Moreover, sheep play a great role in the
economy of the country through generation of foreign
currency (Berhanu et al, 2006). Although their
contribution is great importance, sheep productivity in
the country is constrained by lack of technical capacity,
feed scarcity, diseases, poor infrastructure and lack of
market information, besides lack of planned breeding
program and policies (Solomon et al., 2013).

The genetic improvement program of sheep in
developing countries is less successful than developed
countries due to implementation of the program without
taking consideration the needs of the farmer and
insufficient participation, as well poor adaptability of
exotic breed (Kosgay and Okeyo, 2007; Duguma et al.,
2009; Markos et al., 2010).

Increasing urbanization and income level
increase the demand for animal source food. However,
with incompetent production or low supply in both
quality and quantity it is unlikely to satisfy the ever
increasing demand for mutton and cheavon (Negasa
and Jabar, 2008). To meet such huge demand for
animal protein, implementation of improvement options
like pure-breeding essentially in the form of selection
within breed is crucial (Haile et al., 2014). A new
approach that has recently stimulated global interest is a
community-based breeding strategy. Programs that
adopt this strategy take into account the farmers’ needs,
views, decisions, and active participation, from inception
through the implementation, and their success is based
upon proper consideration of farmers’ breeding
objectives, infrastructure, participation, and ownership
(Mueller 1991; Solkner et al. 1998; Wurzinger et al.,
2011; Merkina et al., 2011). Designing a community-
based breeding program is much more than genetic
theories and increased productivity. It is a matter of
infrastructure, community development, and an
opportunity for improved livelihood of livestock owners
through productive and adapted animals and markets
for their products (Haile et al., 2011).
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Doyogena sheep is one of the sheep types
which have been considered for community based
production in southern region. The sheep has high
growth rate and prolificacy (Tsedeke, 2007; Deribe,
2009). Doyogena sheep is reared and characterized in
the area where mixed crop-livestock production system
exist(Tafesse, 2012).The breed has thick fat tailed and
the male rams are usually horned. Great genetic
diversity was observed within breed (Deribe, 2009).
Thus, emphasis was given to explore the genetic
potential of Doyogena sheep with respect to mutton
production through undertaking performance testing.

For this, on-farm data collection on economic
importance traits that includes reproduction and
production attributes, focusing on objective traits has
been takes place since 2013. However, data was not
analyzed to evaluate the different traits considered. The
aim of this study was to evaluate the growth
performance evaluation of Doyogena sheep under
community based breeding scheme level.

II.  MATERIAL AND METHODS

a) Description of study area

The study was conducted in Doyogena district.
The district is located in Kembata Tembaro Zone in the
Southern Nation, Nationalities, and Peoples' region. It is
bordered on the south by Kacha Birra district; on the
west and north sides by Hadiya zone; and on east by
Angacha district. The altitude of Doyogena ranges from
1900 to 2300 meters above sea level (m.a.s.l.). Agro
ecologically, the district is divided into mid-altitude
(80%) and highland (70%). The mean average annual
rainfall is between 1200 and 1600 mm with average
mean temperature variation of 10 — 16°C. The major
farming system is mixed crop-livestock production.
Types of livestock reared and population in the study
area include cattle (46,703), sheep (13,822), goats
(1,444), horses (6,343) and poultry (27,253) (BoA, 2013).
The district is purposely chosen for the study because
the area is known as a center of distribution for sheep to
neighboring markets (Ashenaf et al., 2013). The
existence of community based Doyogena sheep
breeding program in the area is also another reason for
choosing the district.
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b) Breed Description and management

According to previous studies, sheep type
found in Kembata-Tambaro zone is known by different
names. For instance it is called Arsi-Bale breed (Markos,
2006) and it is categorized as under Adilo sheep types
(Tsedeke, 2007; Solomon et al. 2011; Deribe et al.,
2013) and Wolaita sheep ecotype (Tsedeke,2007).
According to Aberra et al. (2013) based on
morphometric and qualitative traits studies it was stated
that sheep population which are found in Kembat
Tambaro zone significantly differ from those of sheep in
Wolaita area. However the study conducted by Ashenaf
et al. (2013) indicates that, Adilo is huge sheep
marketing place where 65% of sheep including lambs,
ewes and rams from Doyogena sheep market are
transported to and purchased by big and small traders.
Also small holder farmers found in and around Adilo
area purchase sheep for fattening and breeding
purpose from Doyogena origin. The sheep breed was
characterized as being large in size, where twining is
common, and are horned with long tick tail and possess
different coat color.

In the study area natural pasture, enset and
crop residues are used as major feed sources. Farmers
keep their sheep together with other livestock species
around homestead, farm land after harvesting crop and
road side during the day time. Tethering is common
management practice in the study area due to shortage
of communal grazing land. Controlled mating system
was practiced by all sheep keepers due to the policy of
the community based breeding program (CBBP). They
assured that this practice is being used after the start of
CBBP. by holding of selected rams in the area. It was
stated that a selected breeding ram was shared by
organized household group in the proportion of one ram
to twenty ewes.



c) Source and management of Data

Data were collected from the productive (birth,
weaning and six month body weight and date) and
reproductive traits (sex, birth type and parity) by Areka
Agricultural Research center since 2013 G.C.

The data were analyzed using the General linear
model (GLM) procedures of SPSS, version 16.0. Fixed
effect were evaluated for the growth traits (year of birth,
season of birth, sex and birth type) and for the growth of
lambs. The Tukey test was used to separate least
square means with more than two levels. The following
model was developed.

Yijkm = p+ Si + Bj + Ck + Dm +Pn (B*D) jm + eijkm,
Where:

Yijkm = Weight at different ages and ADG of individual
lamb

u = overall mean

Si = fixed effect of sex of lamb (i = male, female)

Bj = fixed effect of birth type (j = single, twin, triplet)

Ck = fixed effect of season of birth (k = Big rainy
season (June-August), Small rainy season (May and
September-November), dry (December-April))

Dm = fixed effect of year of birth (m = 2013, 2014,
2015)

Pn = Fixed effect of nth parity of dam (n=1....... =>5)
(B*D) jm = interaction between birth type and year
eijkm = residual effect

[11. RESULT

a) Productive performance of Doyogena sheep

i. The effect of fixed factors on birth, weaning and six
month weights of sheep
Coefficient of variance (CV %) was in the range
of 15.5% for weaning weight to 20.4% for six month
weight. Body weights at birth, weaning and six months
of age are presented in Table 1. There was significant
difference (P<0.001) between birth types along all ages
of weight (at birth, weaning and six month). Single born
lambs were significantly (P<0.001) heavier than those
from multiple births (twins and ftriplets). Furthermore
significant (P<0.001) variation in body weight among
multiple birth was observed where twins were greater
over triplets (P<0.001). The interaction between birth
type by year was significant (P<0.05) on birth weight of
lambs. The male lambs had heavier weight than those
of the female lambs at birth (3.0 vs. 2.7), weaning weight
(12.8 vs. 11.3) and at six month of age (20.3 vs. 17.4).
Year of birth had significant (P<0.001) effect on the
three studied traits. However, season of birth had no
significant (P>0.05) effects at all stage of weights (at
birth, weaning and six month age).
Parity had significant (P<0.05) effect on birth
weight only.

Table 1: Least squares means (+SE) for effects of birth type, sex, year, season and parity on body weights

BW(Kg) WW(Kg) WSM(Kg)
Source of Variation N [SM =St N SV = SE N SV = St
Overall 584 29 +0.02 352 121 = 0.1 166 189 = 0.3
CV% - 16.6 15.5 - 20.4
Birth type * kK * kK *kk
Single 195 3.2 = 0.042 132 13.9+ 0.22 75 20.9 + 0.4
Twin 362 2.9 +0.03° 202 12.0 = 0.2° 85 18.7 = 0.4°
Triplet 27 2.4 +0.08° 18 9.4 +05° 6 145 = 1.1°
Sex %% %% % % %
Male 370 3.0 + 0.03° 240 12.8 = 0.22 124 20.3 + 0.3
Female 214 2.7 +0.04° 112 11.3 £0.3° 42 17.4 £ 0.5°
Year % % % % % % % % %
2013 125 2.7 + 0.05° 105 11.7 = 0.2° 57 17.2 =0.4°
2014 375 3.0 + 0.04° 203 13.1 =0.2° 96 20.7 + 0.3
2015 84 3.2 + 0.05° 44 14.0 =0.32 13 20.7+0.82
Season Ns Ns Ns
Big rainy 80 3.1 +0.06 70 13.4 = 0.3 31 20.3 0.6
Small rainy 207 29+ 0.04 125 128 = 0.2 76 18.5 = 0.4
Dry 297 29 +0.04 157 126 = 0.3 59 20.4 + 05
Parity * Ns Ns
1 18 2.7 + 0.09° 17 131+ 0.6 12 18.6 = 1.1
2 24 2.9 + 0.08° 24 129+ 0.5 20 18.1 = 0.8
3 18 2.82 + 0.09° 16 116 0.6 7 18.7 1.4
4 26 291 = 0.07a 24 123+ 0.5 16 172 0.9
=5 27 2.80 + 0.1° 26 129 0.5 15 18.3 0.8
Birth type x year - * - NS NS

abcd = means with different superscripts in the same column within the same subclass group differ significantly,*p<
0.05,**P<0.01,***P<0.001, Ns = Not significant, SE = Standard error, BW = Birth weight, WNV=weaning weight, WSM= weight

at six month, Kg=~kilogram, N=observation number.

© 2021 Global Journals

I

XXI Issue

(D) Volume

Frontier Research

Global Journal of Science



Volume XXI Issue

(D)

Frontier Research

Global Journal of Science

b) The effect of fixed factors on average daily gain
(ADG) of Doyogena sheep

Overall average pre- and post-weaning daily
weight gain of lambs was 103.6 and 67.3 g/day
respectively. It was shown that the mean pre-weaning
growth rate was more (36.3 g/day) than the post
weaning growth rate. Lamb growth from birth to weaning
depend more on dam’s milk whereas after weaning
depends the type of feeds they graze since they are
exposed to environment influence.

Factors influencing pre and post-weaning
average daily weight gain are indicated in Table 2. Birth
type had significant (P<0.001) effect only on pre-
weaning average daily gain of sheep. Thus the highest
(P<0.001) growth rate was attained in single birth
followed by twin birth. However the post-weaning growth
rate was not significantly different among the different

birth types. This was due to environmental factor and
growth shock after weaning. Both pre- and post-
weaning average daily gain of lambs was significantly
affected by sex of lambs. Pre-weaning growth weight for
male lambs (109.8g/day) was significantly higher
(P<0.001) than female lambs (98.4g/day). Post-weaning
average gain of ram lambs (72.7g/day) was also
significantly  higher (P<0.05) than ewe lambs
(61.0g/day).

The result further indicated that birth year had
significant effect on daily gain of lambs both pre- and
post-weaning growth periods. Pre-weaning ADG was
higher (P<0.01) in the year 2015 and 2014, whereas
lower during 2013 period. The difference, however, was
insignificant between birth year of 2014 and 2015.
Season and parity did not significantly affect (P>0.05)
growth rate of Doyogena sheep in the study area.

Table 2: LSM (x=SE) and tests of significance of factors affecting pre and post- weaning average daily gain of
Doyogena sheep

Birth to weaning

weaning to six month)

Source of variation

N ADG(g/day) N ADG(g/day)
Overall 352 1036 £ 1.7 166 67.3+19
CV% - 30 36.3
Birth type el Ns
Single 132 119.0 = 2.6° 75 716 = 3.9
Twin 202 105.6 = 2.0° 85 68.4 + 3.6
Triplet 18 81.5 = 5.6° 6 62.9 + 10.6
SeX *%k *
Male 241 109.8 + 2.52 124 72.7 = 3.0°
female 113 98.4 = 3.6° 42 61.0 = 4.4°
Year *x *
2013 105 101.4 = 2.8° 57 57.5 + 4.3°
2014 203 1111 £ 2.5° 96 76.2 + 3.5°
2015 44 120.6 + 4.2° 13 739 +7.8°
Season Ns Ns
Big rainy 70 1149 = 3.8 31 689 =59
Small rainy 125 1104 = 2.4 76 62.4 = 3.7
Dry 157 106.2 £ 2.9 59 79.3+ 46
Parity Ns Ns
1 17 1157 £ 6.6 12 551+ 7.0
2 24 1126 £ 5.6 20 58.0 + 5.49
3 16 98.8 + 6.8 7 629 +9.2
4 24 105.6 = 5.6 16 62.1 + 6.1
=5 26 1115+ 9.1 8 640 + 5.7

abc = means with different superscripts in the same column within the same subclass group differ significantly, *p< 0.05,

**P<(0.01, ***P<0.001,
N=observation number, g/day=gram per day.

IV.  DISCUSSION
Growth performance
The birth weight of Doyogena sheep recorded
under the current study is about 2.9kg. This is higher
than birth weight reported by Deribe et al., (2013) for
Adilo sheep (2.3kg) reared under traditional

management and Horro sheep reported as 2.4kg by
Markos (2006) and 2.6kg by Solomon (2002) which was
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Ns = Not significant, LSM=least square mean ,SE = Standard error, ADG = Average Daily Gain,

managed under on-station management. This finding is
also higher than that report by Haile et al. (2014) for
Menz sheep (2.25kg) under community based breeding
management. The observed differences may be
attributed to breed and management condition. The
current finding however is lower than the birth weight
(8.55kg) reported by Momoh et al (2013) for Balami
breed in a semi-arid region of Nigeria and Bonga sheep
(3.4kg) which is also under community based breeding



(Haile et al.,2014). The variation from these findings
could be due to the length of time selection has been
operating in the reported cases. Similar birth weights
however, have been reported by Haile et al., (2014) for
Horro sheep (3.1kg) under community based breeding
management; and Surafel ef al. (2012) for Simein sheep
(2.97kg) under traditional management. The current
result figure out that the resulted birth weights is due to
well planed, careful selection and breeding combined
with good management can enable animals to express
their genetic potential and thereby improving the
productivity and reproductive potential of a given breed.
This also is the best option for genetic improvement
than depending on the exotic breeds which were also
not successful under the Ethiopian condition (Duguma
etal., 2009; Markos et al., 2010).

The weaning weight of lambs is an indicator of
efficiency of maternal ability. The milking ability of the
dam and maternal factors (high prolific, easy lambing
and high milk production) are the most determinant
elements in pre-weaning growth of lambs. The weaning
weight recorded under the current study is greater than
the report of Belete (2009) and Deribe et al. (2013) for
Bonga and Adilo sheep respectively. The reason for this
could be lambs with heavier birth weight will have
possibility of having higher pre-weaning growth and
weaning weight. Besides, Doyogena sheep is one of the
fast growth sheep types in the country and the current
community based breeding program should be another
reason for recording higher weights. The finding of the
current study however is more or less comparable with
that of Getahun (2008) for Horro sheep under on-station
management (12kg), Mengiste (2009) for Washira sheep
(11.9kg), and Surafel et al. (2012) for Simien sheep
(11.7).

The overall pre-weaning ADG found in the
present study is higher than that reported by Haile et al.
(2014) for Horro (90g/day) and Menz (80 g/day) sheep
under community based breeding practices, Mengistie
(2009) for Washira (59.1 g/day) and Surafel et al. (2012)
for Simien sheep under traditional management. The
pre-weaning ADG of Belami sheep breed (70g/day) in a
semi-arid region of Nigeria was lower than the current
finding (Momoh et al, 2013). However, finding of the
current study was lower than the result obtained by Haile
et al. (2014) for Bonga breed under community based
breeding. Bonga sheep have been under the community
based breeding program over the last 8 years where as
Doyogena sheep stayed only for 3 years in the selection
program. The intensity of selection that was operating in
Bonga sheep over the extended period should be
reason for the recoded higher weight. The result of the
current study is an additional proof for the efficiency of
the community based breeding in improving the
productivity of the indigenous breeds as also have been
observed in Bonga sheep (Metshafe, 2015; Haile et
al.,2014)and Menz and Horro sheep (Haile et al., 2014).

V. EFFECTS OF NON - GENETIC FACTOR ON
GROWTH TRAITS

a) Effect of Birth type

The effect of type of birth on body weight of
sheep observed in this study is similar to earlier findings
of Haile et al. (2014) and Metsafe (2015) for Bonga
sheep and Momoha et al (2013) for Balami sheep, who
reported significant effect of births on lamb’s birth,
weaning and six months of age weight. Similarly Haile et
al. (2014) for Horro sheep and Surafel et al. (2012) for
Simien sheep indicated significant effect of birth type on
lamb weight at birth and weaning. The finding of current
study(Table 1) also concurs with other studies although
different values were reported (Ghangaboche et al.,
2006; Yilmaz et al., 2007; Deribe et al., 2013). The
reason for this could be, when the fetus is still in the
womb single births enjoy the available space and
nutrition. After birth also, when the offspring depend on
the dam’s milk, single births enjoy milk without any
completion while multiple births have to share and
therefore single births weigh heavier than the multiple as
also indicated by Markos (2006).

b) Sexeffect

The current study shows male lambs have
heavier weight than female lambs at birth, weaning and
six month age. The difference in sexual chromosome,
probably of in the position of gene, physiological
characteristics and difference in endocrinal system must
have led to variation in animal growth. Estrogen
hormone has limited effect on the growth of long bones
in females. The higher the surface area of the bone, the
more space availability for muscle attachment and
therefore, heavier weights. That could be one of the
reasons in which females have lighter body weight than
males (Rashidi et al., 2008). Previous reports have
confirmed similar results (Mousa, 2010, Gbangboche et
al., 2006, Momoh, 2013). In contrary to the current
finding, non-significant effect of sex of lamb on the trait
was reported by Getahun (2008) for Adilo and Hassen,
(2002) for lambs in the cool highlands of Ethiopia.

c) Effect of birth year

Effect of year on body weight at different age
was significant which is in agreement with reports from
various studies (Gbanboche et al., 2006; Akhtar et al.,
2012; Momoh et al., 2013; Rahimi et al., 2014). In
addition to this, year of birth had significant effect on
weaning weight. However, Berhanu and Aynalem (2009)
reported that a non-significant effect of year on birth
weight. Under the current study the effect of year could
be due to selection effect that was operating over the
three years while for the other studies, management and
the other variables together with year might be the
possible reasons. Similar reports have been given by
Abbasi et al., (2012), Akhtar (2012), Momoh (2013) and
Mousa, (2013).
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d) Effect of parity

There was a declining trend in birth weight after
fourth parity, indicating the maximum productive periods
might be before the fifth party in the Doyogena sheep
situations. This indicates that the dams should stay in a
flock until the 4th parity and should then be culled. As
the younger ewes are still growing, there is a
competition between the fetus and the dam for nutrients,
which has negative influence on birth weight
(Gemeda et al., 2002a, Deribe, 2009). Heavier birth
weight could be obtained at late parities due to heavier
dam weight and larger size (Kassahun, 2000) and
physiological imprint in the uterus during the first
pregnancy which will facilitate relatively greater foetal
growth in the subsequent pregnancies (Gardner et al.,
2007). Markos (2006) also reported significant increment
of birth weight from beyond first parity, which was similar
to the current findings, and then with increment at a
decreasing rate beyond parity four. Several reports are
in agreement with the current study (Markos 2006;
Gardner et al., 2007; Taye et al., 2010).

e) Average daily gain

The higher average daily gain from birth to
weaning for single born lambs over their multiple
counter parts found in the current study agrees with
other reports for Horro (Gemeda et al., 2002), Washira
(Taye et al., 2010) and Menz sheep breed (Markos,
2006). Similar findings with the current study have also
been reported for other breeds (Getahun, 2008; Deribe
et al., 2013; Senou, 2009; Haile et al., 2014, surafel et
al., 2014). However non significant variation of birth type
on post weaning growth was observed. The reason for
this could be lambs after weaning, whether single or
multiple, will be equally exposed to the environmental
effect.

Sex of lamb had significant effect on pre and
post-weaning growth of Doyogena sheep which is in
agreement with reported by Haile et al. (2014) for Bonga
sheep. Differences in sexual chromosomes, probably in
the position of genes related growth, physiological
characteristics in endocrinal system (type and measure
of hormone) lead to differences in animal growth. This
could be one of the reasons in which females have
smaller body and lighter weight than males (Rashidi et
al.,, 2008; Momoha, 2013). Studies have reported
significant effect of birth year on pre- and post-weaning
average daily gain for Horro, Bonga and Menz sheep
under community based sheep breeding cooperatives
in different production system, which is similar with
present study (Haile et al., 2014).

VI. CONCLUSION & RECOMMENDATION

From the study, it is concluded that growth
performance of Doyogena sheep is fairly encouraging.
There was higher within breed variability in growth traits
which were significantly influenced by non-genetic
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factors at one or the other stage. The higher variation
within the breed indicates that there is a great possibility
for genetic improvement through selection among the
Doyogena rams and ewes. The established community
based breeding program has given encouraging results.
Therefore, further selection among the flock for desired
reproductive and productive traits to achieve higher
lamb crop with superior growth performance should be
continued extensively. Effects of non-genetic factors
need to be corrected for mixed model approaches and
values are to be used for breeding value evaluation in
Doyogena lambs. Selection of rams and ewes for
multiple births should also be initiated and genes
responsible for this should be identified. Molecular level
of characterization is needed to identify its
distinctiveness and prolificacy testing to confirm the
potential of the breed.
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AHHomaqun- B cratbe u3narawoTca pe3ynbTatbl UCCnegoBaHusA,
nosy4yeHHble B npouecce OTpaSOTKM rlpOTOlIHOﬁ yactu
MO EepPHU3NPOBAHHDbIX Ll,eHTpOGE)KHbIX HacCocCoB. ABTOpaMM
npeagnoXxeHo yCI‘pOﬁCTBO HOBbIX 3/1IeMeHTOB Ha OCHOBe pacqé'ra
NOTOKa OrpaHU4YeHHOro TOJ/IbKO 60OKOBbIMM CTEHKaMMW. U,el'lbIO
AaHHOﬁ pa60'rb| ABNAETCA USMEeHEeHUA U YTOYHEeHUA B pacyeTax
3KOHOMMUYECKUX NoKasaTenem PeXXMMoB HACOCHbIX arperatos u
ocobeHHOoCTU paboumnx XapaKTepUCTUK COBpeMEHHbIX
HU3KOHAMNOPHbLIX HACOCOB, OHu pa3pa60‘raHbl Ha OCHOBAHUU
pe3ynbtatoB 6onbworo uucna npousBegeHHbIX aBTOpPamMu
ucnbiTaHWUi Y310B HACOCHOro arperata U 3KCNNyaTaUUOHHbIX
o6cnepoBaHUA  MPPUTALMOHHBIX  HACOCHbIX  CTaHUMA B
Y36ekucraHe, OnpepeneHue 3KOHOMMYECKU LenecoobpasHoit
NPOAOIXKNTE/IbHOCTU nepuoga 3KCcNAyaTauuu HACOCHbIX
arperaTtos € y4eTOM U3MEHEHUA IHepreTU4eCKUX XapakTepucTtuk
n 3Heproc6epera|ou.|.ux TeXHONOorni 3KcNAyaTauyun yTovyHANACb
npu 3amepax KMA mogepHusnposaHHoro Hacoca A2000-21 npu
pa3nuuHbIX pexxumax pabotbl. Co3gaHue pecypcocbeperatowmx
MEeTOA0B 3KCN/yaTauMM HACOCHbIX arperaTtoB, OCNabaalowmx
unn UCKNOYaloWunx UHTEHCUBHOCTb KaBUTALUUNOHHO-
36p33MBHOr0 U3HOCa, B TOM 4YuUC/e OCHOBaHHble Ha Yy4yeTe
U3mMeHeHuA CKOpOCTeﬁ NMOTOKa B MeX/oNaCHbIX KaHanax
pa6oqero Koneca NOKa3aHo Ha COOTBETCTBYHOLLUX
XapaKTepuUCTUKaX MoaepHU3MPOBAHHOIO Hacoca.

Knwouessle cr108a. HACOCHbIE azpezcamel, MPOMOYHAA
Yacmb HACOCO8, HAMOPHbLIE XAPAKMEPUCMUKU, pabouyee
Kos1eco, Haripassaarnwue snemeHmel, 3d)dael<mueHocmb.
Absiract-The article describes the research results obtained in
the process of working out the flow path of modernized
centrifugal pumps. The authors proposed the device of new
elements based on the calculation of the flow limited only by
the side walls. The purpose of this work is to change and
clarify in the calculations of the economic indicators of the
modes of pumping units and the features of the performance
of modern low-pressure pumps. They are developed on the
basis of the results of a large number of tests carried out by
the authors of the pumping unit assemblies and operational
surveys of irrigation pumping stations in Uzbekistan.
Determination of the economically feasible duration of the
operating period of pumping units, taking into account
changes in energy characteristics and energy-saving
operating technologies, was clarified when measuring the
efficiency of the modernized pump D2000-21 at various
operating modes. The creation of resource-saving methods for
the operation of pumping units, weakening or eliminating the
intensity of cavitation-abrasive wear, including those based on
taking into account changes in flow rates in the inter-hazard
channels of the impeller, is shown on the corresponding
characteristics of the modernized pump.

Keywords: pumping units, flow path of pumps, pressure
characteristics, impeller, quide elements, efficiency.
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l. Bsepenue

MOCTICTHUE TOIBI PE3KO BO3POCIA PONb CUCTEM
MAIIHMHHOI'O BOJIOIIOABEMA B PecnyOmuke
Y30eKucTaH, TOCTPOCHBI U IKCIUTYaTHPYIOTCST OKOJIO
JIByX Thicsd HacocHbix cranimidi (HC) W ycTaHOBOK,
KOTOpBIC OpONIAIOT 0OJee MOJOBHHBI BCEX TIONUBHBIX
3emenb. B PecnyOmuke mmomiame opomiaeMEBIX  3eMeENb
coctaBiuser Oomee 4,3 MiuH. Ta, W3 HuUX 2,3 MIH. Ta

opomaercsi ¢ mnomompbio 5301 HacocHBIX —arperatos
MolHocThio 3616,7 MBT, KOTOpBIE NepeKayuBarOT B IO
62,9 wupa. M OPOCUTEIFHONH BOJBI U  SIBISFOTCS
KPYMHECHIIUMH  TOTPEOUTEIAMH  DICKTPOIHEPTHU B

CEJIbCKOM XO3SIHCTBE.

PexoHCTpYKIIMST M MOJEpHHM3AaIUS THAPOTEXHHYE-
-CKHX COOPYXEHHH ¥  BOJOXO3SICTBEHHBIX CHCTEM
npuoOpeTaloT  Bce  Oonblliee  HAPOAHOXO3SHCTBEHHOE
3HaueHne. OcoOeHHO OonbpIMe 3amavyd CTOSAT B 00IacTH
PEKOHCTPYKIIMM JEHCTBYIOINX HPPUTAMOHHBIX CHCTEM,
MOBBIIIEHN ~ Kod(dduimeHTa  Mmoje3Horo  JEHCTBHSA
MAaIIMHHBIX KaHAJIOB JJIs 3a0MpaeMoi Il OPOIICHHS BOJBI.
Bormpimmme 3amaum 1O MOJEPHHM3ALMHM  CTOAT  TIE€PEx
THIPOIHEPreTHKor, skciuryatamued HC, mnockonbky Ha
MHorux ferictBytomux HC Oomnbiioit U cpeaneil MomHocTr
HacocHble arperatbl (HA) u npodyee obopygoBaHue
OTCIYXWUIWN CBOW CPOK W HYXXOaloTCA B 3aMeHe W
MOAepHU3aunu.

LleHTpobexHble Hacochl oGecneuunBaloT
NNaBHYIO M HEMNpepbIBHYO nogavy nepekavymBaeMon
XWOKOCTU MpPU BbICOKUX 3HaYeHUsIX KoadpduumneHTa
nonesHoro aencrteus (KMQ). KoHCTpyKUMA NPOTOYHON
YacTU TOPU3OHTarbHbIX LIEHTPODOEXHbIX HAcoCoB U

OTCYTCTBME  TOBEPXHOCTEN  TpeHus  JonyckaeT
BO3MOXHOCTb nepekadunBaHus 3arpA3HEeHHbIX
XNOKOCTEN. MpocTtoTa HenocpeacTBEHHOro

COefVHEHMS1 C BbICOKOOOOPOTHBIMKU  NPUBOSHBLIMU
ABuratensamMm cnocobcTByeT KOMMaKTHOCTU HAaCOCHOTO
arperata 1 nosbiweHuto ero K.

Bce atn NONOXUTENbHbIE KayecTBa
LEHTPOBEXHbIX HAacoCOB MPMBENN K TOMY, YTO OHWU
SABMAIOTCA, MO CYLEeCTBY, OCHOBHbIMW Hacocamu BCeX
COOPYXXEHWI NPPUraumMoHHbIX cuctem Pecnybrnvku.

Il. Martepuansl 1 Metogb!

Mpn BbIMONHEHUMN OaHHom paboTbl
NCMONb30BafiIMCb  OCHOBHbIE  MOMOXEHUS  TEopun
nonacTtHbIX rugpomMaluMH. Ha ocHoBe 3TuUX Teopun
npeonoXxeHbl METOAMKA pacveTa WMHTEHCUBHOCTU
M3HOCa 3MEMEHTOB MPOTOYHOW 4YacTu HacocoB. [pu
NPoOBEOEHMN  SKCMEPUMEHTAnNbHbLIX  UCCreaoBaHWUR
NCMNOJb30BaHbl 0BOLLENPUHATLIE CTaHAAPTHbIE METOoAbI
MCNbITAaHMU HACOCOB.
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OnpepgeneHne 9KOHOMMWYECKM OMNpaBAaHHON
NPOAOIXUTENBHOCTH MEXPEMOHTHOIo nepuoga
aKcnryatauum C y4eTOM U3MEHEHUSI SHEPreTU4EeCcKUx
XapaKTepucTuk obopyaoBaHus BCneacTeue
KaBMTaLMOHHO-abpa3MBHOrO M3HOCA M CTOMMOCTM
KanutarbHO-BOCCTAHOBUTENBHOTO PEMOHTa SIBNAETCA
OYeHb BaXXHOW U B TO XXe caMoe BpeMs YpesBblHanHO
TPpyAHOW 3agadven.

Kak nokasblBaeT onbIT 3KCnnyaTaumu, U3HOC
pasnuuHbix Aetanen HA npoucxogut C  pasHOM
NHTEHCUBHOCTLIO. Mostomy HanbornbLUyto
NPaKTUYECKYl0  BaXHOCTb NpeAcTaBnseTr  OueHka
m3aHoca HA B uenom wu conocTaBfneHve ero c
N3MEHSAIOLLMMUCS BCNeAcTeue n3Hoca
3HEPreTUYECKMMM XapakTepuCTUKaMm.

Onga BbISIBNEHNS 3aKOHOMepHOCTeW
N3MEHEHUA TMOPOANHAMUYECKMX XapaKTepuCTUK W
rMAPaBNYECKNX  COMPOTUMBNEHUA B  COMpPAraloLmnx
COOpPYXEHUN MaLLMHHbIX KaHanos  asTopamu
ncnonb3oBaH norapnmMmnyeckmn 3aKOH
pacrnpegeneHns ckopocTen N MeToabl ydeTa CpeaHux
no cedvyeHnssMm  ckopoctem no gnuHe  [1,2].
TeopeTunyeckne opmynbl, nonydyeHHsle ana HA Ha
OCHOBE  3HepreTMyeckom  Teopuu y4uTbIBaOT
ocobeHHocTH n3Hoca getanen HA [3-6].

1. PesynbTathl Viccnenosanun

Llenb paboThl: nsydeHue n3Hoca
rMOAPOMEXaHMYEeCKOro  00OpyooBaHMS Ha  OCHOBE
NCMNOMb30BaHNSI TEOPETUYECKUX OCHOB OOOCHOBaHWSA
PEXUMHBIX (PaKTOpPOB, BNUSAIOWNX HA MHTEHCUBHOCTb
M3HallMBaHUA [eTanerd HacoCoB U yryylleHusi
rmapaBnmnyeckux NpoLeccoB UX NPOTOYHOW YacTu.

Ecnn mn3BecTHa XapakTepucTuka CUCTEMbI, B
KOTOPYIO Hacoc nogaeT BoAy, TO HaMop, pa3snBaeMbIn
HacCoCOM, CKrafblBaeTCa M3 reoMeTpU4EeCKOn BbICOThI
nogbema >KUOKOCTU U CYMMbl ruMapaBnuveckmx
conpoTuBneHunin. BenuumMHa noTepb 3aBUCUT OT
OuameTpa, LWepoxoBaTOCTU CTEHOK NPOTOYHOW YacTu,
yncna MeCTHbIX COMpoTMBAEHMM UK pacxoga Q
nogaBaemMom XXUAKOCTH
*h =8Q*= (Al + Ay Z Q),
rae S - nosiHoe conpoTUBIIEHME CUCTEMBI;

A - yaenbHoe conpoTmBrieHue Mo AnuHE,;
Ay - yaenbHoe MecTHoe COMnpOoTUBIEHUE;
| - ANWHa CTEHOK NPOTOYHOWN YacTu;

2 ¢ - cymMa KOShPULIMEHTOB MECTHbIX
COMPOTUBIEHUNA.

XapakrepucTumka LeHTPODEXHBIX HACOCOB (Kak
npaBumno, Marnon ObICTPOXO4HOCTHN) HeycTOMYMBaA.
KpunBas Q-H Takux HacocoB MMEET MakCUMyM B 30HeE
HebonblwKx nogady. BHauvane Hacoc paboTtaeTr ¢
OonbLUOK noga4ven U cuctema 3anonHsaeT Bogon. Ecnu
npu 3TOM pacxod BoAbl, 0TOMpaemMon notpedbutenem,
MeHbwe nogadn (Qmr < Qu), TO nogaya Hacoca
Ha4YHEeT YMEeHbLIATLCA.

© 2021 Global Journals

Mpu coxpaHeHun ycnoBust Qnor < Qy YPOBEHD
OOIKeH 6bin Obl pacTu U, HO 3TO HEBO3MOXHO, TaK Kak
HacocC He B COCTOsIHUMK obecneynTb OonbLINA Hanop.

Mpn aSTOM paBHOBECME HapyllaeTca MU
cuctemMa Hacoc-ceTb MonagaeT B Tak HasbliBaeMbIN
pexum nomnaxa. Hanop, pasBMBaemblii HacoCOM,
nagaeT OO0 3Ha4yeHUa Hanopa xornoctoro xoga HO
HacoC yxe He MOXeT yaepXaTb OaBsLUiA Ha Hero
CcTONO XMAKOCTU BbICOTOM HM, 1 KMAKOCTb Ha4YnHaeT
Teyb B 0OpaTHOM HarnpaBfeHUn (ECNM Ha HarMopPHOM
TpybONpOBOAE Hacoca He YCTAHOBMEH 0OpaTHbIf
knanaH). Kak TOnbKO ypoBEeHb MNOHU3UTCH, Hacoc
BO30OHOBUT paboTy C nogadver, COOTBETCTBYHOLLEN
xapaktepuctukn Q-H. Ecnu pexum paboTbl CUCTEMBI K
3TOMy BpPEMEHW He W3MEHUTCH, TO OMUCaHHOEe
SIBMleHWe MOBTOPUTCH BHOBb. HeycTOMYMBLIN pexum
paboTbl Hacoca B CUCTEMe MPUBOAUT K korebdaHusm

nogayM W Hanopa M MOXET COMNPOBOXAATbCS
rMApaBnUYeckMMN yaapamy B OTBOAE WM HamopHOM
TpyGonpoBoge.

HeyctonumBbin pexmm paboTbl Hacoca B
cUcTeEME MOXET HacTynuTb B TOM Ccnydae, Korga B
Kakor-nnbo nepuop BpeEMEHM CTAaTUYECKUM Hamop B
CeTu MNOAHMMAETCs BbIlLEe Hamopa XOJloCToro xoaa
Hacoca, T.e. npu ycnosun Hg > H, Kpome Toro,
MPUYNHON BO3HWKHOBEHWUSI HEYCTOMYMBOIO pexuma
paboTbl LLEHTPOOEXHOro Hacoca B cUCTEME SABMSETCS
HanM4yne akkyMynsTOpHOW EMKOCTMU.

YryylWeHne aHTUKaBUTALMOHHbIX CBOWCTB MO
BCEM MPOTOYHOM 4YacTu Hacoca W perynupoBaHue
KONMMYecTBa XMOKOCTU ObINO [AOCTUrHYTO 3a cyeT
HOBbIX 3JIEMEHTOB B KOpnyce LieHTPobexHOoro Hacoca
[7,8].

Kopnyc Hacoca cHabXeH HanpaBnsitowmmm
neperopogkamm Ha BHYTPEHHEW MOBEPXHOCTU, B

KOTOpbIX  YCTAHOBMEHbI  HOPMaribHO  3aKpbITble
KnanaHbl Ha LWapHupax.

Mpun BpaweHun PK, >xugkocTb nocTtynaer B
CnupanbHyl0  Kamepy, 4epe3  Hanpasnswoowme
neperopogkn, B pesynbTaTte Yero Ha LwapHupax
OTKPbIBAIOTCA  HOPMarbHO  3aKpbITble  KnanaHbl,
KOTOpble MepenyckaloT XUAKOCTb, 0bnagaloLLyto

3HAYMTENBbHOW SHEPrMen B HanopHbin naTpybok. Mpu
06pa3oBaHMN BOOOBOPOTHbLIX 30H HEYCTaHOBMBLUMXCS
MpOoLLeccoB 3KcnnyaTaumu, oCOGeHHO MpU OCTaHOBKe
Hacoca, obpaTHble TeYeHMs1 3aKpbIBalOT KranaHbl,
NUKBMAMPYS BOAOBOPOTbI W OTPbIB  MOTOKA OT
BHYTPEHHEeN NOBEPXHOCTU Kopryca.

Hacocbl B menuopatuBHbix HC pabGotatoT
COBMECTHO, T.€. HECKONbKO HAcoCOB MofatoT BOAYy B
opHy cuctemy [9,10]. Paboyasi Touka B 3TOM crniydae
OyoeT HaxoguTbCs Ha MNepecedYeHun CymMmapHON

XapaKkTepucTukn HacocoB C XapaKTepMCTMKOﬁ
CUCTEMbI.
Ecnu N3BECTHbI pa3mepbl Koneca

LLeHTp06€)KHOFO HacoCca W1 4uUcno ero OGOpOTOB,
ocTarwwmeca HEeU3MEeHHbIMU, TO UIMEHATbLCA MOryT



Tonbko BenuumHel H,Q, n, npudem BenuynHa Bua kpuson KI1[ nokasaH Ha puc.1, npuyem
MaHOMEeTPUYECKOro Krna N npegnonaraetca K4 namensietca ot 0 4o 86%.
onpeaeneHHoON nyTem cneyunansbHbelx onbitos [11,12].
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Puc. 2: TlocTpoeHre NUHUM ToKa |

lMpn CHWKeHWM TreoMeTpuyecKoro Hamnopa BnpaBo. MameHeHue Hamopa Hacoca (OUHaMUYECKUN
KpVBblE rMOpPaBINYECKUX COMPOTUBIIEHUIA OMYCKaOTCA  nepenaf Hanopa) AH, BO3HMKalOWWiA B cUcCTEMe MO
BHM3 1 paboyasi Touka MEepemMecTUTCH MO KPUBOW  mepe e€ 3anofHeHMs 3aBUCUT OT MOMOXEHUs paboden
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TOYKM Hacoca Ha kpuson H-Q n ymeHbLluaeTcs no mepe
nepemelleHns padoden Toukn Bneepo. o pacyeTHbIM
AaHHbIM Hacoc [2000-100-2M-0, 730 obopoTtoB B
MUHYTY XapaKkTepUCTMKa KOTOPOro npeAcTaBlieHa Ha
puc.3 ¢ paboyen Toukom E HaHocMM Ha none

XapakTepucTukn paboyyto To4ky A, COOTBETCTBYIOLLIYIO
MOAEPHU3NPOBAHHOMY Konecy Hacoca c
xapakrepuctnkamm Q n Hy, ymMeHblleHnem guameTpa
koneca ¢ 855 mm go D,=790 MM, nokasaHHbIMU Ha
pUCYyHKe MYyHKTUPHBIMWU NNHUSIMNA.

Hm
80 oRzi
70 o T—-L\“L\, /
60 Q-H, Dy \'\ /
T —. {E
I—. r --"‘1-
30 Fnog ~~ afely
T
e T]M‘,/' ™ y Hgai » M
40 F80 — e 8
/ 1 .
30 | 60 = “"""74 1 X 5
L nor
20 |40l 22 ' BaK A
7 N
10 |2 A I
I — | 2
0 ] Fly
400 800 1200 1600 2000 QM

Puc. 3: Onpep,eneHMe XapakKTepuctmk moaepHmM3npoBaHHOIo Hacoca.

Tak kak pabodvad TOdka Hacoca [OSKHa
HaxoguTbcs B paboden o6nacTv Ha KpMBOW, YTO NMeeT
MecTo npu npaBurnbHOM noabope Hacoca npu
3anonHeHun CUCTEMBI Oynet BO3HUKaTb
ONHaMUYECKMI nepenag Harnopa, BenuynHa KOToporo
MOXET ObITb MPOKOHTPONMPOBaHA.

OTOT AMHaMU4YecKMn nepenajg Hanopa MoxeT
ObiTb UCMONb30BaH KakK KOMaHAa Ha OTKIIoYeHue
HacoCHOro arperata npu 3anofiHEHWW HaropHoOW
yacTu.

Mpu ncrnonb3oBaHNA ANHaMUYeCKoro
nepenaga Hamnopa B KayecTBe KOMaHObl Ha
OTKITIOYEHME 3NeKTPUYecKoro Asuratens Hacoca 6bina
uccriefgoBaHa  3aBUCUMOCTb €70 BENWYUHBL - OT
rMApaBNYECKNX COMPOTUBIEHNI, KOr4a MOXET UMETb
MEeCcTO cnydain, 4To AMHaAMWYEecKU nepenag Hanopa
Oyoer paBeH Hymwo. CregoBaTenbHO, KOHTPOMb
YPOBHS BepxHero Obeda npegnaraeMblM METOAOM He
MOXET ObITb OCYLLECTBIEH.

Hamu Xe paccmaTpuBanucb cnyvau, Korga
TOYKM MNEepecevyeHnss XapaKTepuCTUK CUCTEMbI C
XapaKTepUCTMKaMM HACcOCOB rnexanu Ha paboumx
yyacTKax XapaKTepucCTUK STUX HacocoB, TO €CTb B
obnactM MakcMMmanbHbIX KO3(MULMEHTOB MONE3HOro
AencTeus.

Bo MHorux cnyyasx o6ycnoBnumBaloT He
MUHUMarnbHOE, a MakcuMaribHOe 3HayeHue Harnopa
npu  3akpblTOM  3adBwkke. Takoe TpeboBaHue
BbI3blBaeTCA 0ObIYHO COOBPaKEHMAMN, CBA3AHHLIMU C
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3KOHOMWEN 3HEPTMU C Y4eTOM TOro, 4Yto npu Gonee
nonoron kpmeon Q - H ymeHbLUaOTCA NOTepu OT Npwu
YacTMYHBIX Nogadax. ATO He Bcerga BepHO, Tak Kak, Ha
HaKMOH KPMBOW MOLLHOCTU BnuseT ¢opMa KpuUBON
KMO, ecnu 3agaHHoe 3Ha4YeHWe Harnopa npu 3akpbITOn
3a[BWKKE CMAULLKOM Marno, TO PEeXMM HopMasibHOW
Harpy3kM [OOfKeH OblTb CMELLeH BMEBO OT Mogayu,
cooTBeTCTBYlOWen MakcumansHomy KI1 Hacoca. B
Hacocax BbICOKOrO [aBneHWs OTMEeYeHO BhnudHue
HarpeBa BOAbl W3-3@ BHYTPEHHUX rMapaBnNU4EeCcKMX
noTtepb, BKMNiOYas OUCKOBblE, HA €e MNIOTHOCTb. Tak,
noBbILLIEHNE TemnepaTypsbl n3-3a notepb
nepekadmBanusa Bogbl npn t > 20°C u p = 125 ar
cocTaBnseT okono 1°C, 4To NPUBOOMUT K YMEHBLUEHUIO
NIIOTHOCTN Ha 2,7% U K YMEHbLUEHUIO OaBNeHus Ha
BbIXoJe rnpu NoCTOAHHOM Hanope Ha 3,5 aT. [oaTomy u
B Hacocax C yCToMumMBOW xapakTepuctukon Q-H Ha
XONOAHOW Bode MOXET HabnwpaTtbest npu pabote Ha
TENnow BOAE YMEHbLUEHME faBneHus BONM3n pexvma
HyreBoWn Noayn 1 KaBUTaLUMOHHbIE aBNeHua [15,16].
Pabouynm opraHomM LEHTPOOEXHBLIX HAacoCoB C
y4yacTKaMu, MOABEPXKEHHBIM K Haubonee CUIbHOM
3po3un, ABnAeTcs PK. MHorouncrneHHble
3KCNepuMeHTarnbHble UCCrefoBaHUsA U 6OMbLLION ONbIT
akcnnyatauuu  ruapoMalluH  pasnuyHoro  Tuna
MO3BOMSAIT AOBOSIBHO TOYHO YCTAHOBUTL Haubonee
XapaKkTepHble  y4acTKM HacoCOB, MNOABEPXKEHHbIE
KaBUTaALNOHHON 3p03nn 1 abpasmBHOMY paspyLLEHUIO
YCTaHOBUTb rpaHuLbl 3TUX Yy4yacTkoB. Ha npakTtuke



OOBOJIbHO TPYyAHO, TaK KaK B paGqux ycnosuax oavH
n3 BMO0OB M3HOCAQ, KaK npasuno, ABNAETCA
npeoGna,qarou.l,MM, a paspyweHHad NnoBepXHOCTb
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nMeeT npucylwime emy XapakTepHble OCOBEeHHOCTU
(puc.4).

Puc. 4: 3Hoc paboumnx konéc HC Amybyxapa-2

TypOyneHTHOe  MepemellMBaHMEe  NOTOKa,
BbI3bIBAEMOE KOHCTPYKTMBHBLIMU ocobeHHocTamM PK, a
TakKe coAepxaHue B BoAe HepacTBOPEHHbLIX BO3ayxa
W rasoB, SABNSATCA NPUYNHAMU BO3HUKHOBEHUA U
pasBuMTUA KaBuTauuu nNpu [aBnNeHUAX B MNOTOKe,
npeBbILWALWMX AaBrneHue napoB BOAbl NPW OaHHOW
TemnepaTtype. Pa3BuTble KaBUTaLMOHHbIE SBMEHUA
NPUBOAAT K 3PO3UOHHBLIM paspyLUeHUsM 3NeMeHTOB
konec. WHTEHCMBHOCTb 9TUX paspyLlleHun pesKo
BO3pacTaeT Npu COAEpPXaHUM B BOAE B3BELLUEHHbIX
HaHocoB [17,18]. Hanbonee cunbHOMy paspyLleHuto y
HacocoB noaBepratTca cTeHkn kamep PK.

U3-3a OTpbiBa NOTOKa, BbI3BaHHOIO
HEecoOoTBEeTCTBMEM YyIrNoB MNOTOKa W nonatok, B
oTAeNbHbIX cnyvaax BO3MOXHO yCnneHHoe

paspyLleHne ronaTtok Bbinpasnsiowero annapata. B
Hacocax €O cnuparibHblM OTBOAOM KaBUTaLMOHHOW
3p0o3nnN MoaBeprarTCA CTEHKM OTBOAA B MecTax WX
conpsixkeHuss ¢ kamepon PK. MHTeHcuBHOCTL M3HOCa
3M1eMEHTOB NPOTOYHOW YacTu rmapaBriMYEcKUX MaLluH
BCNeACTBME KaBWUTaLUW U UCTMPAHUS B3BELLUEHHLIMU
HaHoCaMM HaxoAuTCA B MNPSAMOW 3aBUCUMOCTU OT
pexumoB paboTbl.

Mpennaraembin cnocob onpeperneHus
GeckaBMTaLMOHHOM paboThbl HacocoB
npegycMmaTpuBaeT 4TOObl yAernbHas 3Heprus noToka
npu Bxoae ero B PK, oTHeceHHas k ocu koneca, bbina
AOCTaTovHON ANs co3faHus B 3TOT MOMEHT CKOPOCTEN
N YCKOPEHWI B NOTOKE U NPEOAONEHUSA CONPOTUBNEHUI
06e3 nageHWs MeCTHOro [aBreHus OO0 BeNUYMHBI,
BbI3blBalOLLEN Hadvano kasuTaumum. B cBA3M C 3aTum
peliaiollee 3HadYeHue npuobpeTtaeT He BenuyMHa
abcontoTHoro paeBneHuss Ha Bxoge B PK,  a
npeBbllUEHWE €e Hah BenVYMHOW U dHepruen,
COOTBETCTBYIOLLEN [OaBMEHUO HacbILWEHHOro napa

KNOKOCTW. 3mn NnonoXxeHumsd MCNOJ1b30BaHbI B
COBPEMEHHbIX MHCTPYKUMAX NO 3KCnJlyaTtaunm HacocoB
[19,20].

IV.  BbiBogbl

1. ABTOpamMM Ha OCHOBE MHOrOMETHero onbiTa
akcnnyataumm HA B Pecnybnuke Y3bekuctaH
pa3paboTaHbl MEPOMNPUATUS MO  YMEHbLUEHMIO
MHTEHCUMBHOCTM WX W3HOca. [loagTBepXkaeHo, 4To
WHTEHCUBHOCTb W3HOCA 93MEMEHTOB MNPOTOYHON
YacTu rvMagpaBnUYeckMx MalluH  BCreacTBue
KaBuTaLUMN U UCTUPaHMS B3BELUEHHbIMU HaHOCaMM
HaxoguTcs B MPAMOM 3aBMCUMOCTU OT PEXMMOB
paboThl.

2. BbisiBneHue pexvmoB paboThbl
OMacHbIX C TOYKM 3pEHWUs  KaBUTALMOHHO-
abpa3vBHOro  paspylwleHuss getanen  6bino
onpegeneHo npu nNpoBeAeHWU WUCMbITaHUA Ha
HagexHoCTb. [pn UcnonbL30BaHMM JUHAMUYECKOTO
nepenaga Hamnopa B KadecTBe KOMaHAbl Ha

HA Hanbonee

OTKIIOYeHne  Hacoca  Obima  uccnegosaHa
3aBMCUMOCTb €ro BEerMYUHbI OT rMapaBnU4ecKmX
COMPOTUBNEHNIA.

3. OnpepeneHne 3KOHOMUYECKM LienecoobpasHon
NPOAOITXUTENBHOCTU Nepuoga akcnnyatauumn HA ¢
y4yeToMm N3MeHeHus 3HEpPreTUYECcKmX
XapaKkTepucTuk n aHeprocbeperaroLmx
TEXHOMOMMA ero aKcnnyaTaumMm YTOYHSNacb npu
3amepax Kr[ mogepHU3MpoBaHHOro Hacoca
[2000-21 npu pasnuyHbIX pexnmax padoThbl.

4. CospgaHve  pecypcocbeperaowmux  MeToaoB
aKcnnyaTtaumm HA, ocnabnsawwmx unm
UCKMIOYaLWNX  MHTEHCUBHOCTb  KaBUTaLMOHHO-
abpa3snBHOro M3Hoca, B TOM YMCIie OCHOBaHHbIE Ha
yyeTe  WU3MEHEeHUs  CKopocTel  notoka B
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Effects of Long-Term Fertilization and Weather
on Soil Properties and Spring Barley Yield

V. Loide * & L. Edesi ®

Abstract- The purpose of the experiment was to determine
long-term fertilization and the effects of weather on the soil
properties and spring barley vyields. A long-term field
experiment—with crop rotations of potatoes (hemp oil from
2017), spring barley, spring barley with red clover
(undersown), and red clover was established in 1960 Kuusiku,
Estonia. Different barley varieties was used over the
experimental period. With except the spring barley variety
'Anni', which was tested from 1995-2019.The experiment has
three fertilizer treatments: the moderate dose of fertilization
(NPK1),double NPK1 (NPK2), and moderate fertilization with
farmyard manure (NPK1 + FYM). After harvest, the soil
samples were collected from 0-0.2 m of topsoil and 0.2-0.4 m
of subsoil from each plot, using a soil drill.

During the experimental period, soil organic carbon
content increased from 1.3% (NPK1) to 1.9% and 2.5% when
using mineral fertilizers (NPK2) and NPK1 + FYM,
respectively. The use of manure increased soil microbial
biomass by 9.7%, and the use of mineral fertilizers decreased
by 23%. More nutrients—especially phosphorus, potassium,
and magnesium—moved from the topsoail to the subsoil with
the use of manure (NPK1 + FYM) than with the of mineral
fertilizer alone (NPK2).

Phosphorus leaching was higher with manure (22%
in subsoil) compared to that with mineral fertilizer. Of the
period studied, 28% was under drought, which caused 60%
spring barley yield loss and thus increased the risk of leaching
of unused nutrients.

Keywords: environmental safety, leaching, organic and
chemical fertilizer, organic carbon, soil phosphorus.

. INTRODUCTION

ong-term field experiments with fertilizers make it
Lpossible to examine not only the yield of crops but

also the impact of long-term fertilizer uses on soil
properties, sustainability, and the environment. In soll,
processes occur very slowly, and the results of various
factors can only be evaluated in long-term experiments.
Specifically, long-term fertilizer experiments are vital
tools to examine the sustainability of modern intensive
cropping systems and provide valuable information
regarding the impact of continuous fertilizer applications
on soil health and crop productivity (Meena et al., 2017).
Microorganisms are crucial in soils, being responsible
for nutrient cycling and fixation, organic matter
decomposition, and biological  suppressiveness.
Therefore, soil stability and functioning in agriculture are

Author a o: Estonian Crop Research Institute, Estonia.
e-mail: valli.loide @etki.ee

closely related to its microbiological diversity and activity
(Griffiths & Philippot, 2013). Soil microorganisms are
also sensitive to changing environmental conditions,
which  makes them good indicators of soil
quality(Griffiths & Philippot, 2013; Schloter et al., 2018).

In several long-term studies, considerable
attention is to the accumulation of available
phosphorus(P) in soil, its movement to the lower soil
horizons, and its leaching, and the elucidation of
conditions conducive to such a phenomenon(Rubaek et
al., 2013; Zicker et al., 2018). Manure is one of the
sources of phosphorus, the overuse of which may
saturate the soils with P. In Estonia, 50% of the P used in
crop production comes from manure (ES...). Excess
phosphorus in the soil has caused the eutrophication of
water bodies, including the Baltic Sea in Europe. There
is an increasing focus on protecting water bodies from
eutrophication(Carpenter, 2008).

Weather conditions, i.e., temperature and
precipitation, also change over long periods, affecting
crop yields, nutrient uptake, accumulation, and leaching.
These issues have been studied by many authors on the
basis of long-term experiments (Kérschens et al., 2013).

The aim of the experiment was to gain new
knowledge as follows. 1) Effects of long-term mineral
fertilizers, and in particular manure, on topsoil and
subsoil properties and environmental safety. 2) The
combined effect of air temperature and precipitation
(hydrothermal effect) on the growth conditions of spring
barley, on which nutrient consumption, vyield and
leaching of unused nutrients depend.

[I.  MATERIALS AND METHODS

a) Study site and soil

This study was carried out based on data from
an ongoing long-term crop rotation and fertilization
experiment, which was established in 1960 by E.
Talpsep at the Kuusiku experimental station of the ECRI
(Estonian Crop Research Institute), Northern Estonia;
longitude 58.977554, latitude 24.725849, and altitude 55
m) on light Sandy Loam Calcisols (IUSS 2015). The
experiment was redesigned reconstructed in 1975 and
1995-1997. The data used in this study have
predominantly been from 1995 onwards.

Crop rotation:- potato (Solanum tuberosum)/ oil
hemp (Cannabis sativa; since 2017); — spring barley
(Hordeum vulgare); — spring barley with under sown red
clover (Trifolium pratense); — red clover. Barley varieties
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varied according to the variety representation in
practice, except the spring barley variety 'Anni', which
was tested from 1995-2019. All cultures were presented
every year. The size of each trial plot was 98 m?
(14 x 7 m).

Traditional agro technical measures were used:
the soil was plowing to a depth of 0.22 m, and chemical
plant protection measures were also taken. Mineral
fertilizers were applied during soil tillage before sowing.
Manure was applied by autumn plowing for the potato
or oil hemp of the following year.

The experiment had three fertilizer treatments
and five repetitions: a moderate dose of NPK (NPK1-
control), double NPK1 (NPK2), and a moderate dose of
fertilizer with farmyard manure (NPK1 + FYM). The
fertilization dose is in Table 1. Cereal straw was returned
to the soil by plowing. The applications of fertilizers, crop
sowing (end of April), and harvesting was performed at
the optimal time (August).

Table 1: Test fertilisation of crops in a long - term experiment (since 1960) in Kuusiku

N:P:K kg ha™' ,+ FYM* t ha"

Treatment Crop rotation
Potato/hemp S.barley Red Spring
u.show clover barley
NPK1 (control) 90:27:116/35:0:0 40:8:30 - 80:16:60
NPK2 180:54:232/70:0:0 80:16:60 - 120:24:90
NPK1+FYM 90:27:116+60FYM/35:0:0+60 FYM 40:8:30 - 80:16:60

*- The nutrient content (kg t') of manure (FYM): N (nitrogen), 2.8 kg™; P (phosphorus), 0.6 kg': K (potassium), 4.7 kg™.

b) Soil sampling and analysis

After harvest, soil samples (1 sample consisted
of 15 subsample) were collected from the topsoail,
(0-0.2 m depth) and subsoil (0.2-0.4 m depth) layers
from each using a sail drill. The soil samples were
air-dried and sieved to <2 mm. The chemical properties
of the soil samples were then determined in an
accredited laboratory at the Agricultural Research
Centre, Estonia, as follows: C,, (organic carbon), using
the - sulfochromic method; pHyg, using the — I1SO
10390:2005 methodology; available P, K, Ca, Mg, Al,
and Fe, using the - Mehlich Ill extraction (Meh3) method
(Mehlich, 1984). The determination was performed using
the ICP-OES (Inductively Coupled Plasma Optical
Emission Spectrometer). The total content of the
elements P, K, Ca, and Mg: (P, Kigt» Caor, @and Mg,,) in
the soil was determined wusing the EVS-EN
16170:2016methodology. Water-soluble phosphorus,
Pioo, in the soil was determined by using the EVS-EN
ISO 11885:2009 methodology.

Soil samples (0.5 kg) for soil dehydrogenase
activity (DHA) analyses were taken from the 0-0.2 m
layer in three replications under the early and late spring
barley cultivation in spring 2016. Soil samples for DHA
analyses were sieved (2 mm) and stored at four °C until
they were analyzed in the ECRI's laboratory.
Measurements of soil DHA were based on methods by
Tabatabai (1982). Soil samples (5 g) were incubated at
30 °C for 24 h in the presence of an alternative electron
acceptor (triphenyltetrazolium chloride). The red-tinted
product, triphenylformazan (TPF), was extracted with
acetone and measured using a spectrophotometer.
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c) Sampling and analysis of crop yields

Trial plot yield and dry matter determination,
325 m? (25 m x 13 m) of the crop was harvested, of
which 1 kg was taken for analysis. The current study
includes long-term research data from 1975-2019.

d) Calculation of the hydrothermal coefficient

Estonia is characterized by a transitional climate
from maritime to continental. The average annual air
temperature is 6.7 °C, and the average precipitation is
696 mm. The average annual water evaporation is less
than the precipitation. Temperatures and precipitation
were measured during the vegetation period (Fig. 1)
using an automatic weather station near the
experimental area. The conditions (Keppart et al., 2009)

for plant growth and development are more
characterized by the Seljaninov.
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Figure 1: Characterization of the weather during the trial
period 1-25 (1995-2019) in Kuusiku

Hydrothermal coefficient (HTC), also called
conditional moisture balance, which takes into account
the combined effect of temperature and precipitation.
Plant stress is higher either in conditions of high
temperature, and lack of water or conditions of
lowtemperature and plentiful water. The hydrothermal
coefficient (Kivi, 1998) was calculated using the sum of
precipitation (P) and the sum of air temperatures (T) for
the same period using the following formula (1):

HTC =S P /01 X 3 Ty, (1)

where > P is- the sum of precipitation, and
> Taais- the sum of air temperatures.

e) Statistical analysis

The period was considered dry if the HTC is
between 1.0-0.6 and very dry if the HTC is 0.5 or less
(Keppart et al., 2009). If the HTC exceeds 2.0, the period
was considered to be too wet for crop cultivation.

The correlation and standard deviation (SD) for
yield, weather, and soil chemical properties were
calculated. The likelihood of a difference between
treatments was found at a level of 95% confidence in the
LSD, o5 (LSD; least significant difference) test.

[11. RESULTS AND DISCUSSION

a) Soil properties

This study (Tables 2, 3) showed that organic
and mineral fertilizers had different effects on sail
properties during long-term fertilization. Understandably,
the use of manure increased the C,, content of the soil
in the barn layer and also in the subsoil. Manure
application also promoted soil microbiological activity
(DHA) compared to the control test by 9.7%, while
mineral fertilizer reduced by 23% (NPK1-control: 5.16;
NPK1 + FYM: 5.66 and NPK2: 3.98 TPF ug/g/h; LSDy.gs:
0.72). From an environmental point of view, P deserves
more attention. Additional P and K fertilizers were added
in turn (every four years): P 51 and K 206 kg ha™' in
NPK2 test and 36 and 280 kg ha™ in NPK1 + FYM test.
Although less P was added with manure than with
mineral fertilizer, the subsoil contained more P.

Table 2: Effect of long-term fertilisation on soil agrochemical parameters in 2019 in the top- and subsoil layers of the
carbonate sail in Kuusiku

Content of soil elements

Treatment Cog  PHka P K Ca Mg

% mgkg' % mgkg! % mgkg' % mgkdy %
Content of soil available elements in the topsoil (0-0.2 m; n=20)
NPK1-control 1.9 6.0 146 100 149 100 1850 100 64 100
NPK2 19 59 213 146 211 142 1810 98 68 106
NPK1+FYM 25 6.5 203 139 314 211 2350 127 131 205
LSD, g 017 022 25 - 48 - 205 - 22 -
Content of soil available elements in the subsoil (0.2-0.4 m; n=20)
NPK1-control 1.1 6.0 56 100 88 100 1470 100 43 100
NPK2 1.4 6.1 125 223 152 173 1890 129 54 126
NPK1+FYM 19 6.4 152 271 306 348 1820 124 116 269
LSD, g 021 024 28 - 65 - 197 - 22 -
Content of soil total elements in the topsoil (0-0.2 m; n=205)
NPK1-control - - 559 100 1581 100 3481 100 1741 100
NPK2 - - 644 115 1608 102 3322 95 1708 98
NPK1+FYM - - 617 110 1662 105 3642 105 1728 99
LSD, g - - 22 - 51 - 279 - 42 -
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Table 3: Correlative relationships between C,,, and soil properties in the top- and subsoil layers of the carbonate soil

in Kuusiku
Indicators FYM Min. fertiliser Cugtopsail Cag-Subsoail
Corg-topsoil 0.885** -0.845%* - -
C.r-subsoil 0.923** -0.129 - -
DHA 0.534 -0.845** 0.707* -
PHyo 0.771** -0.574 0.784** 0.628*
P 0.349 0.531 -0.069 0.635*
K 0.876** -0.166 0.630* 0.929**
Ca 0.846** -0.584* 0.836** 0.710**
Mg 0.933** -0.437 0.810** 0.874**
*n<0.05; **p<0.01; n=12.
Organic matter plays a key role in the total amounts of N added. Some studies have shown
microbiological transformation of phosphorus that repeated applications of inorganic fertilizers
compounds in soil and the promotion of plant decrease soil pH (Liu et al., 2012), which, in turn, can

phosphorus uptake (Richardson & Simpson, 2011).
Organic substances are also an source of energy for the
bacteria and fungi that break down manure. As a result
of their activities, nutrients are released and become
mobile and available to plants. However, the addition of
mineral fertilizers hurt the biological activity of the soil.
The positive interaction of organic manure and inorganic
NP fertilizer on soil DHA was observed by Liu et al.,
(2010). The results of the present study clearly show that
the amount of mineral fertilizer applied to the NPK2
treatment had a negative effect on the microbiological
activity of the soil. This finding is supported by the
Treseder (2008) review, where it was concluded that
inorganic fertilizers suppress microbial biomass, with
more evident effects in longer durations and with higher

reduce nutrient availability and soil microbial biomass.

Plants absorb phosphorus from the soil
primarily as orthophosphoric acid anions soluble in
water or as weak organic acids. In this experiment
(Table 4), the content of Py, in the soil increased 1.7-2
times, and that of Py, increased 1.4-1.5 times in the
NPK2 and NPK1 + FYM treatments as compared to the
control (NPK1).

Typically, the proportion of water-soluble P
compared to available P is relatively small, only 17-20%.
Compared to the NPK1 experiment (Table 2), the Py
content in the NPK2 and NPK1 + FYM experiments
increased significantly by 170 and 203% (respectively).
Excess P in the subsoil, however, is dangerous to the
hydrosphere.

Table 4: Water-soluble phosphorus content in the topsail layer of the carbonate soil in 2020 in Kuusiku depending
on fertilisation

Indicators
Treatment P P P %i
He0 Meh3 Ho 21N Rel P 0% Rel. Pyens, %
mg kg’ mg kg’ Puens
NPK1-conrol 71 144 20.3 100 100
NPK1+FYM 121 205 16.9 170 142
NPK2 14.4 222 19.5 203 154
LSDy.0 2.1 30.3 1.3 - -
The association of organic matter with increasing concern as a source of eutrophication in

phosphorus retention and incorporation into soil has
been described by several researchers. Pizzeghello et
al. (2016) also found that mineral fertilization reduced P-
sorption capacity by increasing the P content in soil and
water samples, but to a lesser extent than that by
manure. The outer surface of organic colloids is
considerably larger than the outer surface of most other
colloids and usually exceeds the corresponding value of
clay minerals. At high pH, the cation exchange capacity
of humus is significantly higher than that of clay
minerals. The particles of organic matter, including
manure, have a larger mass and thus occupy the free
surface, and the free P in the soil-based solution
leached with falling water.

Moreover, P leaching from soils with elevated P
levels due to manure spreading is becoming an
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streams, lakes, and the Baltic Sea region (Hooda et al.,
2001; Lehmann et al., 2005; Schick et al., 2020). In a
radio  labelled orthophosphoric  acid  sorption
experiment, Vanden Nest et al. (2016) found that soil P
availability and leaching were associated with a
decrease in orthophosphate sorption in farmyard
manure-modified soils, which was not observed in
compost-modified soils. Nobile et al. (2019) found that
using one-tenth of an organic fertilizer increased soil pH
and C,,, but at the same time decreased P sorption.
Ten years of application of mineral fertilizers reduced
soil pH, and increasing the P sorption. Hooda et al.
(2001) found that 85 mg P kg™ and 305 mg P kg™ of the
Olsen and Mehlich-3 extractable P values were
predicted for 25% DSSP (DSSP stands for the degree of
soil saturation with P). Soil saturation with P is likely to



cause significant P losses to the environment. Saturation
of the soil with P is caused by P unused by plants, which
is one of the consequences of drought, and in case of
heavy precipitation, P enters water bodies.

b) Dependence of yields on the weather

Spring barley yields (Table 5) did not differ
between different fertilizer treatments but depended
most on the weather. The weather conditions (Fig. 1)
were very volatile. In our experiment, almost 1/3 (28%) of
the years gave an average spring barley yield of 2.1-2.2
t ha', 38% less than in the best years (48%). With the
lost crop, an equivalent amount of fertilizer remains in
the soil. The results of the correlation analysis (p <0.01)
showed that the spring barley yield was most positively
affected by the June precipitation, and negatively by the
high air temperature in July. However, given the air
temperature and precipitation, HTC showed that spring
barley yields currently depend on air temperature and
precipitation in June and then in July. The highest spring

barley yields were obtained when the HTC was close to
2.2 in June and July, which implies that the barley needs
a relatively moist June-July. Earlier investigations
suggested that cooler, cloudier, and rainy weather
occurs in June and in early July (the period for stem
elongation to grain head formation), which has a
positive impact on grain yield. May is particularly critical
for spring barley growth, which often has high air
temperatures (rising trend) and little rainfall. Depending
on the June and July rainfall, the plant will recover from
drought damage or not. Previous studies have shown
that crop species with powerful and widespread roots
that can collect water and nutrients more widely are
more resistant to weather conditions, resulting in higher
yields (Dempewolf et al., 2014). Therefore, in the long
run, one way to reduce the damage caused by water
scarcity is to study the root system of the plant during
the cultivation of the variety and its development during
the growing season.

Table 5: Correlation between weather and spring barley yield in the years 1995-2019 in Kuusiku

25 years average

Good harvest, Poor harvest

Indicators Correlative weatrler weath:ar
. . (>5tha”’, 10y (<4tha™, 7y
relationships ~ Fesults average) average)
Yieldyexs, kg ha™ - 4510 5460 3350
Yieldypk. kg ha” - 4540 5680 3480
Yieldyexi . kg ha™ - 4590 5630 3540
Rel. yieldypki, % - 100.0 100.0 100.0
Rel. yieldypko, % - 100.7 104.0 103.9
Rel. yieldypki+rm, % - 101.8 103.1 105.7
Air temperature, °C; May -0.401* 10.7 10.3 11.8
Air temperature, °C; June -0.475* 147 13.8 15.1
Air temperature, °C; July -0.775** 17.4 16.0 19.2
Precipitation, mm; May 0.013 45 46 45
Precipitation, mm; June 0.535** 77 92 49
Precipitation, mm; July 0.464* 80 109 60
HTC May 0.056 1.39 1.44 1.30
HTC June 0.632** 1.78 2.25 1.08
HTC July 0.528** 1.54 2.18 1.05
*»<0.05; **p<0.01; n=25.
Therefore, not only in terms of yield stabilization V. CONCLUSIONS

but also in terms of environmental safety, it is necessary
to use more and more weather-resistant varieties. For
more environmentally friendly use of manure, it is to
monitor the properties of soil which leaching depends,
such as soil saturation with P. The P in manure is
released more slowly. Still in the case of imbalances, it
is easily subjected to leaching. To reduce the negative
impact of the weather on crop yields and environmental
safety, it is recommended to use more reliable weather
varieties and to limit fertilization in the year following the
drought, especially P.

The following were observed during the
experimental period, (1) soil organic carbon content
increased from 13- to 1.9% when using mineral
fertilizers and from 1.3- 2.5% when using NPK1 + FYM.
(2) The use of manure increased soil microbial biomass
by 9.7%, and the use of mineral fertilizers decreased by
23%.(3) More nutrients — especially phosphorus,
potassium, and magnesium — moved from the topsoil
to the subsoil when manure was used than when
mineral fertilizer was used. Phosphorus leaching was
higher with manure (22% in subsoil) than with mineral
fertilizer. (4) Of the period studied (25 y), 28% was
affected by drought, which caused 60% spring barley
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yield loss and thus increased the risk of leaching of
unused nutrients.
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Fellow and Associate designations signify that the
researcher has gained the knowledge of the fundamental
and high-level concepts, and is a subject matter expert,
proficient in an expertise course covering the professional
code of conduct, and follows recognized standards of
practice. The credentials are designated only to the
researchers, scientists, and professionals that have been
selected by a rigorous process by our Editorial Board and
Management Board.

Associates of FSFRC/ASFRC are scientists and
researchers from around the world are working on
projects/researches that have huge potentials.
Members support Global Journals’ mission to advance
technology for humanity and the profession.

FSFRC

FELLOW OF SCIENCE FRONTIER RESEARCH COUNCIL

FELLOW OF SCIENCE FRONTIER RESEARCH COUNCIL is the most prestigious membership of Global Journals. It
is an award and membership granted to individuals that the Open Association of Research Society judges to have
made a 'substantial contribution to the improvement of computer science, technology, and electronics engineering.

The primary objective is to recognize the leaders in research and scientific fields of the current era with a global
perspective and to create a channel between them and other researchers for better exposure and knowledge
sharing. Members are most eminent scientists, engineers, and technologists from all across the world. Fellows are
elected for life through a peer review process on the basis of excellence in the respective domain. There is no limit
on the number of new nominations made in any year. Each year, the Open Association of Research Society elect
up to 12 new Fellow Members.
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BENEFIT

TO THE INSTITUTION
GET LETTER OF APPRECIATION

Global Journals sends a letter of appreciation of author to the Dean or CEO of the University or Company of which
author is a part, signed by editor in chief or chief author.

" EXCLUSIVE NETWORK
GET ACCESS TO A CLOSED NETWORK

‘3, | AFSFRC member gets access to a closed network of Tier 1 researchers and
/| scientists with direct communication channel through our website. Fellows can
reach out to other members or researchers directly. They should also be open to

reaching out by other.

CERTIFICATE
RECEIVE A PRINT ED COPY OF A CERTIFICATE

Fellows receive a printed copy of a certificate signed by our Chief Author that may
be used for academic purposes and a personal recommmendation letter to the dean

of member's university.
Credibility Reputation

DESIGNATION
GET HONORED TITLE OF MEMBERSHIP

Fellows can use the honored title of membership. The “FSFRC” is an honored title
which is accorded to a person’s name viz. Dr. John E. Hall, Ph.D., FSFRC or

William Walldroff, M.S., FSFRC.

RECOGNITION ON THE PLATFORM

BETTER VISIBILITY AND CITATION

All the Fellow members of FSFRC get a badge of "Leading Member of Global Journals" on the Research
Community that distinguishes them from others. Additionally, the profile is also partially maintained by our team for
better visibility and citation. All fellows get a dedicated page on the website with their biography.
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FUTURE WORK
GET DISCOUNTS ON THE FUTURE PUBLICATIONS

Fellows receive discounts on future publications with Global Journals up to 60%. Through our recommendation
programs, members also receive discounts on publications made with OARS affiliated organizations.

GJ INTERNAL ACCOUNT
UNLIMITED FORWARD OF EMAILS

Fellows get secure and fast GJ work emails with unlimited forward of emails that
they may use them as their primary email. For example,

john [AT] globaljournals [DOT] org.

PREMIUM TOOLS

ACCESS TO ALL THE PREMIUM TOOLS

To take future researches to the zenith, fellows and associates receive access to all
the premium tools that Global Journals have to offer along with the partnership with

- some of the best marketing leading tools out there.

CONFERENCES & EVENTS
ORGANIZE SEMINAR/CONFERENCE

Fellows are authorized to organize symposium/seminar/conference on behalf of Global Journal Incorporation
(USA). They can also participate in the same organized by another institution as representative of Global Journal.
In both the cases, it is mandatory for him to discuss with us and obtain our consent. Additionally, they get free

research conferences (and others) alerts.

EARLY INVITATIONS

EARLY INVITATIONS TO ALL THE SYMPOSIUMS, SEMINARS, CONFERENCES
All fellows receive the early invitations to all the symposiums, seminars, conferences and webinars hosted by

Global Journals in their subject.
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PUBLISHING ARTICLES & BOOKS

EARN 60% OF SALES PROCEEDS

| Fellows can publish articles (limited) without any fees. Also, they can earn up to
60% of sales proceeds from the sale of reference/review books/literature/
publishing of research paper. The FSFRC member can decide its price and we can

help in making the right decision.

REVIEWERS

GET A REMUNERATION OF 15% OF AUTHOR FEES
Fellow members are eligible to join as a paid peer reviewer at Global Journals Incorporation (USA) and can get a

remuneration of 15% of author fees, taken from the author of a respective paper.

Financial

ACCESS TO EDITORIAL BOARD

BECOME A MEMBER OF THE EDITORIAL BOARD

Fellows may join as a member of the Editorial Board of Global Journals Incorporation (USA) after successful
completion of three years as Fellow and as Peer Reviewer. Additionally, Fellows get a chance to nominate other

members for Editorial Board.

AND MUCH MORE
GET ACCESS TO SCIENTIFIC MUSEUMS AND OBSERVATORIES ACROSS THE GLOBE

All members get access to 5 selected scientific museums and observatories across the globe. All researches
published with Global Journals will be kept under deep archival facilities across regions for future protections and
disaster recovery. They get 10 GB free secure cloud access for storing research files.
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ASFRC

ASSOCIATE OF SCIENCE FRONTIER RESEARCH COUNCIL

ASSOCIATE OF SCIENCE FRONTIER RESEARCH COUNCIL is the membership of Global Journals awarded to
individuals that the Open Association of Research Society judges to have made a 'substantial contribution to the
improvement of computer science, technology, and electronics engineering.

The primary objective is to recognize the leaders in research and scientific fields of the current era with a global
perspective and to create a channel between them and other researchers for better exposure and knowledge
sharing. Members are most eminent scientists, engineers, and technologists from all across the world. Associate
membership can later be promoted to Fellow Membership. Associates are elected for life through a peer review
process on the basis of excellence in the respective domain. There is no limit on the number of new nominations
made in any year. Each year, the Open Association of Research Society elect up to 12 new Associate Members.
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BENEFIT

TO THE INSTITUTION
GET LETTER OF APPRECIATION

Global Journals sends a letter of appreciation of author to the Dean or CEO of the University or Company of which
author is a part, signed by editor in chief or chief author.

" EXCLUSIVE NETWORK
GET ACCESS TO A CLOSED NETWORK

At
‘ ‘F A ASFRC member gets access to a closed network of Tier 1 researchers and
- scientists with direct communication channel through our website. Associates can
reach out to other members or researchers directly. They should also be open to

reaching out by other.

CERTIFICATE
RECEIVE A PRINT ED COPY OF A CERTIFICATE

Associates receive a printed copy of a certificate signed by our Chief Author that
may be used for academic purposes and a personal recommendation letter to the

dean of member's university.
Credibility Reputation

DESIGNATION
i, GET HONORED TITLE OF MEMBERSHIP
gl

::.?N Associates can use the honored title of membership. The “ASFRC” is an honored
_ B title which is accorded to a person’s name viz. Dr. John E. Hall, Ph.D., ASFRC or

William Walldroff, M.S., ASFRC.
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Or
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RECOGNITION ON THE PLATFORM
BETTER VISIBILITY AND CITATION

All the Associate members of ASFRC get a badge of "Leading Member of Global Journals" on the Research
Community that distinguishes them from others. Additionally, the profile is also partially maintained by our team for
better visibility and citation. All associates get a dedicated page on the website with their biography.
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FUTURE WORK

GET DISCOUNTS ON THE FUTURE PUBLICATIONS

Associates receive discounts on the future publications with Global Journals up to 60%. Through our
recommendation programs, members also receive discounts on publications made with OARS affiliated
organizations.

GJ INTERNAL ACCOUNT

UNLIMITED FORWARD OF EMAILS

Associates get secure and fast GJ work emails with unlimited forward of emails
that they may use them as their primary email. For example,

john [AT] globaljournals [DOT] org.

PREMIUM TOOLS
ACCESS TO ALL THE PREMIUM TOOLS

To take future researches to the zenith, fellows receive access to almost all the
premium tools that Global Journals have to offer along with the partnership with

" some of the best marketing leading tools out there.

CONFERENCES & EVENTS
ORGANIZE SEMINAR/CONFERENCE

Associates are authorized to organize symposium/seminar/conference on behalf of Global Journal Incorporation
(USA). They can also participate in the same organized by another institution as representative of Global Journal.
In both the cases, it is mandatory for him to discuss with us and obtain our consent. Additionally, they get free

research conferences (and others) alerts.

EARLY INVITATIONS
EARLY INVITATIONS TO ALL THE SYMPOSIUMS, SEMINARS, CONFERENCES

All associates receive the early invitations to all the symposiums, seminars, conferences and webinars hosted by

Global Journals in their subject.
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PUBLISHING ARTICLES & BOOKS
_ ,f EARN 30-40% OF SALES PROCEEDS

W Associates can publish articles (limited) without any fees. Also, they can earn up to
30-40% of sales proceeds from the sale of reference/review

books/literature/publishing of research paper.

REVIEWERS
GET A REMUNERATION OF 15% OF AUTHOR FEES

Associate members are eligible to join as a paid peer reviewer at Global Journals Incorporation (USA) and can get
a remuneration of 15% of author fees, taken from the author of a respective paper.

AND MUCH MORE
GET ACCESS TO SCIENTIFIC MUSEUMS AND OBSERVATORIES ACROSS THE GLOBE

All members get access to 2 selected scientific museums and observatories across the globe. All researches
published with Global Journals will be kept under deep archival facilities across regions for future protections and
disaster recovery. They get 5 GB free secure cloud access for storing research files.
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ASSOCIATE

$4800

lifetime designation

Certificate, LoR and Momento
2 discounted publishing/year
Gradation of Research
10 research contacts/day
1 GB Cloud Storage

GJ Community Access

FELLOW RESEARCH GROUP BASIC
$6800 $12500.00 APC
lifetime designation organizational per article
Certificate, LoR and Certificates, LoRs and GJ) Community Access
Momento Momentos
Unlimited discounted Unlimited free
publishing/year publishing/year
Gradation of Research Gradation of Research
Unlimited research Unlimited research
contacts/day contacts/day
5 GB Cloud Storage Unlimited Cloud Storage
Online Presense Assistance Online Presense Assistance
GJ Community Access GJ Community Access
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PREFERRED AUTHOR GUIDELINES

We accept the manuscript submissions in any standard (generic) format.

We typeset manuscripts using advanced typesetting tools like Adobe In Design, CorelDraw, TeXnicCenter, and TeXStudio.
We usually recommend authors submit their research using any standard format they are comfortable with, and let Global
Journals do the rest.

Alternatively, you can download our basic template from https://globaljournals.org/Template.zip

Authors should submit their complete paper/article, including text illustrations, graphics, conclusions, artwork, and tables.
Authors who are not able to submit manuscript using the form above can email the manuscript department at
submit@globaljournals.org or get in touch with chiefeditor@globaljournals.org if they wish to send the abstract before
submission.

BEFORE AND DURING SUBMISSION

Authors must ensure the information provided during the submission of a paper is authentic. Please go through the
following checklist before submitting:

1. Authors must go through the complete author guideline and understand and agree to Global Journals' ethics and code
of conduct, along with author responsibilities.

2. Authors must accept the privacy policy, terms, and conditions of Global Journals.

Ensure corresponding author’s email address and postal address are accurate and reachable.

4. Manuscript to be submitted must include keywords, an abstract, a paper title, co-author(s') names and details (email
address, name, phone number, and institution), figures and illustrations in vector format including appropriate
captions, tables, including titles and footnotes, a conclusion, results, acknowledgments and references.

5. Authors should submit paper in a ZIP archive if any supplementary files are required along with the paper.

Proper permissions must be acquired for the use of any copyrighted material.

7. Manuscript submitted must not have been submitted or published elsewhere and all authors must be aware of the
submission.

w

o

Declaration of Conflicts of Interest

It is required for authors to declare all financial, institutional, and personal relationships with other individuals and
organizations that could influence (bias) their research.

PoLICY ON PLAGIARISM
Plagiarism is not acceptable in Global Journals submissions at all.

Plagiarized content will not be considered for publication. We reserve the right to inform authors’ institutions about
plagiarism detected either before or after publication. If plagiarism is identified, we will follow COPE guidelines:

Authors are solely responsible for all the plagiarism that is found. The author must not fabricate, falsify or plagiarize
existing research data. The following, if copied, will be considered plagiarism:

e  Words (language)

e Ideas

e  Findings

e Writings

e Diagrams

e Graphs

e lllustrations

e |lectures
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e  Printed material

e  Graphic representations
e  Computer programs

e Electronic material

e Any other original work

AUTHORSHIP POLICIES

Global Journals follows the definition of authorship set up by the Open Association of Research Society, USA. According to
its guidelines, authorship criteria must be based on:

1. Substantial contributions to the conception and acquisition of data, analysis, and interpretation of findings.
2. Drafting the paper and revising it critically regarding important academic content.
3. Final approval of the version of the paper to be published.

Changes in Authorship

The corresponding author should mention the name and complete details of all co-authors during submission and in
manuscript. We support addition, rearrangement, manipulation, and deletions in authors list till the early view publication
of the journal. We expect that corresponding author will notify all co-authors of submission. We follow COPE guidelines for
changes in authorship.

Copyright

During submission of the manuscript, the author is confirming an exclusive license agreement with Global Journals which
gives Global Journals the authority to reproduce, reuse, and republish authors' research. We also believe in flexible
copyright terms where copyright may remain with authors/employers/institutions as well. Contact your editor after
acceptance to choose your copyright policy. You may follow this form for copyright transfers.

Appealing Decisions

Unless specified in the notification, the Editorial Board’s decision on publication of the paper is final and cannot be
appealed before making the major change in the manuscript.

Acknowledgments

Contributors to the research other than authors credited should be mentioned in Acknowledgments. The source of funding
for the research can be included. Suppliers of resources may be mentioned along with their addresses.

Declaration of funding sources

Global Journals is in partnership with various universities, laboratories, and other institutions worldwide in the research
domain. Authors are requested to disclose their source of funding during every stage of their research, such as making
analysis, performing laboratory operations, computing data, and using institutional resources, from writing an article to its
submission. This will also help authors to get reimbursements by requesting an open access publication letter from Global
Journals and submitting to the respective funding source.

PREPARING YOUR MANUSCRIPT

Authors can submit papers and articles in an acceptable file format: MS Word (doc, docx), LaTeX (.tex, .zip or .rar including
all of your files), Adobe PDF (.pdf), rich text format (.rtf), simple text document (.txt), Open Document Text (.odt), and
Apple Pages (.pages). Our professional layout editors will format the entire paper according to our official guidelines. This is
one of the highlights of publishing with Global Journals—authors should not be concerned about the formatting of their
paper. Global Journals accepts articles and manuscripts in every major language, be it Spanish, Chinese, Japanese,
Portuguese, Russian, French, German, Dutch, Italian, Greek, or any other national language, but the title, subtitle, and
abstract should be in English. This will facilitate indexing and the pre-peer review process.

The following is the official style and template developed for publication of a research paper. Authors are not required to
follow this style during the submission of the paper. It is just for reference purposes.
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Manuscript Style Instruction (Optional)

e  Microsoft Word Document Setting Instructions.

e Font type of all text should be Swis721 Lt BT.

e Pagesize: 8.27" x 11", left margin: 0.65, right margin: 0.65, bottom margin: 0.75.

e  Paper title should be in one column of font size 24.

e Author name in font size of 11 in one column.

e  Abstract: font size 9 with the word “Abstract” in bold italics.

e  Main text: font size 10 with two justified columns.

e Two columns with equal column width of 3.38 and spacing of 0.2.

e  First character must be three lines drop-capped.

e The paragraph before spacing of 1 pt and after of 0 pt.

e Line spacing of 1 pt.

e lLarge images must be in one column.

e The names of first main headings (Heading 1) must be in Roman font, capital letters, and font size of 10.
e The names of second main headings (Heading 2) must not include numbers and must be in italics with a font size of 10.

Structure and Format of Manuscript

The recommended size of an original research paper is under 15,000 words and review papers under 7,000 words.
Research articles should be less than 10,000 words. Research papers are usually longer than review papers. Review papers
are reports of significant research (typically less than 7,000 words, including tables, figures, and references)

A research paper must include:

a) Atitle which should be relevant to the theme of the paper.

b) A summary, known as an abstract (less than 150 words), containing the major results and conclusions.

c) Up to 10 keywords that precisely identify the paper’s subject, purpose, and focus.

d) Anintroduction, giving fundamental background objectives.

e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit

repetition, sources of information must be given, and numerical methods must be specified by reference.
f)  Results which should be presented concisely by well-designed tables and figures.
g) Suitable statistical data should also be given.
h) All data must have been gathered with attention to numerical detail in the planning stage.

Design has been recognized to be essential to experiments for a considerable time, and the editor has decided that any
paper that appears not to have adequate numerical treatments of the data will be returned unrefereed.

i)  Discussion should cover implications and consequences and not just recapitulate the results; conclusions should also
be summarized.

j)  There should be brief acknowledgments.

k) There ought to be references in the conventional format. Global Journals recommends APA format.

Authors should carefully consider the preparation of papers to ensure that they communicate effectively. Papers are much
more likely to be accepted if they are carefully designed and laid out, contain few or no errors, are summarizing, and follow
instructions. They will also be published with much fewer delays than those that require much technical and editorial
correction.

The Editorial Board reserves the right to make literary corrections and suggestions to improve brevity.
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FORMAT STRUCTURE

It is necessary that authors take care in submitting a manuscript that is written in simple language and adheres to
published guidelines.

All manuscripts submitted to Global Journals should include:
Title

The title page must carry an informative title that reflects the content, a running title (less than 45 characters together with
spaces), names of the authors and co-authors, and the place(s) where the work was carried out.

Author details
The full postal address of any related author(s) must be specified.
Abstract

The abstract is the foundation of the research paper. It should be clear and concise and must contain the objective of the
paper and inferences drawn. It is advised to not include big mathematical equations or complicated jargon.

Many researchers searching for information online will use search engines such as Google, Yahoo or others. By optimizing
your paper for search engines, you will amplify the chance of someone finding it. In turn, this will make it more likely to be
viewed and cited in further works. Global Journals has compiled these guidelines to facilitate you to maximize the web-
friendliness of the most public part of your paper.

Keywords

A major lynchpin of research work for the writing of research papers is the keyword search, which one will employ to find
both library and internet resources. Up to eleven keywords or very brief phrases have to be given to help data retrieval,
mining, and indexing.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy: planning of a list
of possible keywords and phrases to try.

Choice of the main keywords is the first tool of writing a research paper. Research paper writing is an art. Keyword search
should be as strategic as possible.

One should start brainstorming lists of potential keywords before even beginning searching. Think about the most
important concepts related to research work. Ask, “What words would a source have to include to be truly valuable in a
research paper?” Then consider synonyms for the important words.

It may take the discovery of only one important paper to steer in the right keyword direction because, in most databases,
the keywords under which a research paper is abstracted are listed with the paper.

Numerical Methods

Numerical methods used should be transparent and, where appropriate, supported by references.

Abbreviations

Authors must list all the abbreviations used in the paper at the end of the paper or in a separate table before using them.
Formulas and equations

Authors are advised to submit any mathematical equation using either MathJax, KaTeX, or LaTeX, or in a very high-quality
image.

Tables, Figures, and Figure Legends

Tables: Tables should be cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g., Table 4, a self-explanatory caption, and be on a separate sheet. Authors must submit tables in an editable
format and not as images. References to these tables (if any) must be mentioned accurately.

© Copyright by Global Journals | Guidelines Handbook .
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Figures

Figures are supposed to be submitted as separate files. Always include a citation in the text for each figure using Arabic
numbers, e.g., Fig. 4. Artwork must be submitted online in vector electronic form or by emailing it.

PREPARATION OF ELETRONIC FIGURES FOR PUBLICATION

Although low-quality images are sufficient for review purposes, print publication requires high-quality images to prevent
the final product being blurred or fuzzy. Submit (possibly by e-mail) EPS (line art) or TIFF (halftone/ photographs) files only.
MS PowerPoint and Word Graphics are unsuitable for printed pictures. Avoid using pixel-oriented software. Scans (TIFF
only) should have a resolution of at least 350 dpi (halftone) or 700 to 1100 dpi (line drawings). Please give the data
for figures in black and white or submit a Color Work Agreement form. EPS files must be saved with fonts embedded (and
with a TIFF preview, if possible).

For scanned images, the scanning resolution at final image size ought to be as follows to ensure good reproduction: line
art: >650 dpi; halftones (including gel photographs): >350 dpi; figures containing both halftone and line images: >650 dpi.

Color charges: Authors are advised to pay the full cost for the reproduction of their color artwork. Hence, please note that
if there is color artwork in your manuscript when it is accepted for publication, we would require you to complete and
return a Color Work Agreement form before your paper can be published. Also, you can email your editor to remove the
color fee after acceptance of the paper.

Tirs FOR WRITING A GOOD QUALITY SCIENCE FRONTIER RESEARCH PAPER

Techniques for writing a good quality Science Frontier Research paper:

1. Choosing the topic: In most cases, the topic is selected by the interests of the author, but it can also be suggested by the
guides. You can have several topics, and then judge which you are most comfortable with. This may be done by asking
several questions of yourself, like "Will | be able to carry out a search in this area? Will | find all necessary resources to
accomplish the search? Will | be able to find all information in this field area?" If the answer to this type of question is
"yes," then you ought to choose that topic. In most cases, you may have to conduct surveys and visit several places. Also,
you might have to do a lot of work to find all the rises and falls of the various data on that subject. Sometimes, detailed
information plays a vital role, instead of short information. Evaluators are human: The first thing to remember is that
evaluators are also human beings. They are not only meant for rejecting a paper. They are here to evaluate your paper. So
present your best aspect.

2. Think like evaluators: If you are in confusion or getting demotivated because your paper may not be accepted by the
evaluators, then think, and try to evaluate your paper like an evaluator. Try to understand what an evaluator wants in your
research paper, and you will automatically have your answer. Make blueprints of paper: The outline is the plan or
framework that will help you to arrange your thoughts. It will make your paper logical. But remember that all points of your
outline must be related to the topic you have chosen.

3. Ask your guides: If you are having any difficulty with your research, then do not hesitate to share your difficulty with
your guide (if you have one). They will surely help you out and resolve your doubts. If you can't clarify what exactly you
require for your work, then ask your supervisor to help you with an alternative. He or she might also provide you with a list
of essential readings.

4. Use of computer is recommended: As you are doing research in the field of science frontier then this point is quite
obvious. Use right software: Always use good quality software packages. If you are not capable of judging good software,
then you can lose the quality of your paper unknowingly. There are various programs available to help you which you can
get through the internet.

5. Use the internet for help: An excellent start for your paper is using Google. It is a wondrous search engine, where you
can have your doubts resolved. You may also read some answers for the frequent question of how to write your research
paper or find a model research paper. You can download books from the internet. If you have all the required books, place
importance on reading, selecting, and analyzing the specified information. Then sketch out your research paper. Use big
pictures: You may use encyclopedias like Wikipedia to get pictures with the best resolution. At Global Journals, you should
strictly follow here.

. © Copyright by Global Journals | Guidelines Handbook

XV



6. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right? It is a good habit
which helps to not lose your continuity. You should always use bookmarks while searching on the internet also, which will
make your search easier.

7. Revise what you wrote: When you write anything, always read it, summarize it, and then finalize it.

8. Make every effort: Make every effort to mention what you are going to write in your paper. That means always have a
good start. Try to mention everything in the introduction—what is the need for a particular research paper. Polish your
work with good writing skills and always give an evaluator what he wants. Make backups: When you are going to do any
important thing like making a research paper, you should always have backup copies of it either on your computer or on
paper. This protects you from losing any portion of your important data.

9. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality.
Using several unnecessary diagrams will degrade the quality of your paper by creating a hodgepodge. So always try to
include diagrams which were made by you to improve the readability of your paper. Use of direct quotes: When you do
research relevant to literature, history, or current affairs, then use of quotes becomes essential, but if the study is relevant
to science, use of quotes is not preferable.

10. Use proper verb tense: Use proper verb tenses in your paper. Use past tense to present those events that have
happened. Use present tense to indicate events that are going on. Use future tense to indicate events that will happen in
the future. Use of wrong tenses will confuse the evaluator. Avoid sentences that are incomplete.

11. Pick a good study spot: Always try to pick a spot for your research which is quiet. Not every spot is good for studying.

12. Know what you know: Always try to know what you know by making objectives, otherwise you will be confused and
unable to achieve your target.

13. Use good grammar: Always use good grammar and words that will have a positive impact on the evaluator; use of
good vocabulary does not mean using tough words which the evaluator has to find in a dictionary. Do not fragment
sentences. Eliminate one-word sentences. Do not ever use a big word when a smaller one would suffice.

Verbs have to be in agreement with their subjects. In a research paper, do not start sentences with conjunctions or finish
them with prepositions. When writing formally, it is advisable to never split an infinitive because someone will (wrongly)
complain. Avoid clichés like a disease. Always shun irritating alliteration. Use language which is simple and straightforward.
Put together a neat summary.

14. Arrangement of information: Each section of the main body should start with an opening sentence, and there should
be a changeover at the end of the section. Give only valid and powerful arguments for your topic. You may also maintain
your arguments with records.

15. Never start at the last minute: Always allow enough time for research work. Leaving everything to the last minute will
degrade your paper and spoil your work.

16. Multitasking in research is not good: Doing several things at the same time is a bad habit in the case of research
activity. Research is an area where everything has a particular time slot. Divide your research work into parts, and do a
particular part in a particular time slot.

17. Never copy others' work: Never copy others' work and give it your name because if the evaluator has seen it anywhere,
you will be in trouble. Take proper rest and food: No matter how many hours you spend on your research activity, if you
are not taking care of your health, then all your efforts will have been in vain. For quality research, take proper rest and
food.

18. Go to seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.

19. Refresh your mind dafter intervals: Try to give your mind a rest by listening to soft music or sleeping in intervals. This
will also improve your memory. Acquire colleagues: Always try to acquire colleagues. No matter how sharp you are, if you
acquire colleagues, they can give you ideas which will be helpful to your research.
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20. Think technically: Always think technically. If anything happens, search for its reasons, benefits, and demerits. Think
and then print: When you go to print your paper, check that tables are not split, headings are not detached from their
descriptions, and page sequence is maintained.

21. Adding unnecessary information: Do not add unnecessary information like "I have used MS Excel to draw graphs."
Irrelevant and inappropriate material is superfluous. Foreign terminology and phrases are not apropos. One should never
take a broad view. Analogy is like feathers on a snake. Use words properly, regardless of how others use them. Remove
guotations. Puns are for kids, not grunt readers. Never oversimplify: When adding material to your research paper, never
go for oversimplification; this will definitely irritate the evaluator. Be specific. Never use rhythmic redundancies.
Contractions shouldn't be used in a research paper. Comparisons are as terrible as clichés. Give up ampersands,
abbreviations, and so on. Remove commas that are not necessary. Parenthetical words should be between brackets or
commas. Understatement is always the best way to put forward earth-shaking thoughts. Give a detailed literary review.

22. Report concluded results: Use concluded results. From raw data, filter the results, and then conclude your studies
based on measurements and observations taken. An appropriate number of decimal places should be used. Parenthetical
remarks are prohibited here. Proofread carefully at the final stage. At the end, give an outline to your arguments. Spot
perspectives of further study of the subject. Justify your conclusion at the bottom sufficiently, which will probably include
examples.

23. Upon conclusion: Once you have concluded your research, the next most important step is to present your findings.
Presentation is extremely important as it is the definite medium though which your research is going to be in print for the
rest of the crowd. Care should be taken to categorize your thoughts well and present them in a logical and neat manner. A
good quality research paper format is essential because it serves to highlight your research paper and bring to light all
necessary aspects of your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING
Key points to remember:

e Submit all work in its final form.
e Write your paper in the form which is presented in the guidelines using the template.
e Please note the criteria peer reviewers will use for grading the final paper.

Final points:

One purpose of organizing a research paper is to let people interpret your efforts selectively. The journal requires the
following sections, submitted in the order listed, with each section starting on a new page:

The introduction: This will be compiled from reference matter and reflect the design processes or outline of basis that
directed you to make a study. As you carry out the process of study, the method and process section will be constructed
like that. The results segment will show related statistics in nearly sequential order and direct reviewers to similar
intellectual paths throughout the data that you gathered to carry out your study.

The discussion section:

This will provide understanding of the data and projections as to the implications of the results. The use of good quality
references throughout the paper will give the effort trustworthiness by representing an alertness to prior workings.

Writing a research paper is not an easy job, no matter how trouble-free the actual research or concept. Practice, excellent
preparation, and controlled record-keeping are the only means to make straightforward progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general
guidelines.

To make a paper clear: Adhere to recommended page limits.
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Mistakes to avoid:

e Insertion of a title at the foot of a page with subsequent text on the next page.

e Separating a table, chart, or figure—confine each to a single page.

e Submitting a manuscript with pages out of sequence.

e In every section of your document, use standard writing style, including articles ("a" and "the").
e Keep paying attention to the topic of the paper.

e Use paragraphs to split each significant point (excluding the abstract).

e  Align the primary line of each section.

e  Present your points in sound order.

e Use present tense to report well-accepted matters.

e Use past tense to describe specific results.

e Do not use familiar wording; don't address the reviewer directly. Don't use slang or superlatives.
e Avoid use of extra pictures—include only those figures essential to presenting results.

Title page:

Choose a revealing title. It should be short and include the name(s) and address(es) of all authors. It should not have
acronyms or abbreviations or exceed two printed lines.

Abstract: This summary should be two hundred words or less. It should clearly and briefly explain the key findings reported
in the manuscript and must have precise statistics. It should not have acronyms or abbreviations. It should be logical in
itself. Do not cite references at this point.

An abstract is a brief, distinct paragraph summary of finished work or work in development. In a minute or less, a reviewer
can be taught the foundation behind the study, common approaches to the problem, relevant results, and significant
conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet
written? Wealth of terminology is very essential in abstract. Use comprehensive sentences, and do not sacrifice readability
for brevity; you can maintain it succinctly by phrasing sentences so that they provide more than a lone rationale. The
author can at this moment go straight to shortening the outcome. Sum up the study with the subsequent elements in any
summary. Try to limit the initial two items to no more than one line each.

Reason for writing the article—theory, overall issue, purpose.

e Fundamental goal.

e To-the-point depiction of the research.

e Consequences, including definite statistics—if the consequences are quantitative in nature, account for this; results of
any numerical analysis should be reported. Significant conclusions or questions that emerge from the research.

Approach:

0 Single section and succinct.

An outline of the job done is always written in past tense.

Concentrate on shortening results—limit background information to a verdict or two.

Exact spelling, clarity of sentences and phrases, and appropriate reporting of quantities (proper units, important
statistics) are just as significant in an abstract as they are anywhere else.

(ol olNe]

Introduction:

The introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background
information to be capable of comprehending and calculating the purpose of your study without having to refer to other
works. The basis for the study should be offered. Give the most important references, but avoid making a comprehensive
appraisal of the topic. Describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the
reviewer will give no attention to your results. Speak in common terms about techniques used to explain the problem, if
needed, but do not present any particulars about the protocols here.
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The following approach can create a valuable beginning:

0 Explain the value (significance) of the study.

0 Defend the model—why did you employ this particular system or method? What is its compensation? Remark upon
its appropriateness from an abstract point of view as well as pointing out sensible reasons for using it.

0 Present a justification. State your particular theory(-ies) or aim(s), and describe the logic that led you to choose
them.

O Briefly explain the study's tentative purpose and how it meets the declared objectives.

Approach:

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job
is done. Sort out your thoughts; manufacture one key point for every section. If you make the four points listed above, you
will need at least four paragraphs. Present surrounding information only when it is necessary to support a situation. The
reviewer does not desire to read everything you know about a topic. Shape the theory specifically—do not take a broad
view.

As always, give awareness to spelling, simplicity, and correctness of sentences and phrases.
Procedures (methods and materials):

This part is supposed to be the easiest to carve if you have good skills. A soundly written procedures segment allows a
capable scientist to replicate your results. Present precise information about your supplies. The suppliers and clarity of
reagents can be helpful bits of information. Present methods in sequential order, but linked methodologies can be grouped
as a segment. Be concise when relating the protocols. Attempt to give the least amount of information that would permit
another capable scientist to replicate your outcome, but be cautious that vital information is integrated. The use of
subheadings is suggested and ought to be synchronized with the results section.

When a technique is used that has been well-described in another section, mention the specific item describing the way,
but draw the basic principle while stating the situation. The purpose is to show all particular resources and broad
procedures so that another person may use some or all of the methods in one more study or referee the scientific value of
your work. It is not to be a step-by-step report of the whole thing you did, nor is a methods section a set of orders.

Materials:
Materials may be reported in part of a section or else they may be recognized along with your measures.
Methods:

O Report the method and not the particulars of each process that engaged the same methodology.

0 Describe the method entirely.

0 To be succinct, present methods under headings dedicated to specific dealings or groups of measures.

0 Simplify—detail how procedures were completed, not how they were performed on a particular day.

0 If well-known procedures were used, account for the procedure by name, possibly with a reference, and that's all.
Approach:

It is embarrassing to use vigorous voice when documenting methods without using first person, which would focus the
reviewer's interest on the researcher rather than the job. As a result, when writing up the methods, most authors use third
person passive voice.

Use standard style in this and every other part of the paper—avoid familiar lists, and use full sentences.
What to keep away from:

O Resources and methods are not a set of information.
O Skip all descriptive information and surroundings—save it for the argument.
O Leave out information that is immaterial to a third party.
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Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part as entirely objective
details of the outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Use statistics and tables, if suitable, to
present consequences most efficiently.

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if
requested by the instructor.

Content:

0 Sum up your conclusions in text and demonstrate them, if suitable, with figures and tables.

0 Inthe manuscript, explain each of your consequences, and point the reader to remarks that are most appropriate.

0 Present a background, such as by describing the question that was addressed by creation of an exacting study.

0 Explain results of control experiments and give remarks that are not accessible in a prescribed figure or table, if
appropriate.

0 Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or
manuscript.

What to stay away from:

0 Do not discuss or infer your outcome, report surrounding information, or try to explain anything.

0 Do notinclude raw data or intermediate calculations in a research manuscript.
0 Do not present similar data more than once.
0 A manuscript should complement any figures or tables, not duplicate information.
0 Never confuse figures with tables—there is a difference.
Approach:

As always, use past tense when you submit your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report.

If you desire, you may place your figures and tables properly within the text of your results section.
Figures and tables:

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and
include a heading. All figures and tables must be divided from the text.

Discussion:

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded
based on problems with the discussion. There is no rule for how long an argument should be.

Position your understanding of the outcome visibly to lead the reviewer through your conclusions, and then finish the
paper with a summing up of the implications of the study. The purpose here is to offer an understanding of your results
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The
implication of results should be fully described.

Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact, you must explain
mechanisms that may account for the observation. If your results vary from your prospect, make clear why that may have
happened. If your results agree, then explain the theory that the proof supported. It is never suitable to just state that the
data approved the prospect, and let it drop at that. Make a decision as to whether each premise is supported or discarded
or if you cannot make a conclusion with assurance. Do not just dismiss a study or part of a study as "uncertain."
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Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results
that you have, and take care of the study as a finished work.

0 You may propose future guidelines, such as how an experiment might be personalized to accomplish a new idea.

0 Give details of all of your remarks as much as possible, focusing on mechanisms.

0 Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was
correctly restricted. Try to present substitute explanations if they are sensible alternatives.

0 One piece of research will not counter an overall question, so maintain the large picture in mind. Where do you go
next? The best studies unlock new avenues of study. What questions remain?

0 Recommendations for detailed papers will offer supplementary suggestions.

Approach:

When you refer to information, differentiate data generated by your own studies from other available information. Present
work done by specific persons (including you) in past tense.

Describe generally acknowledged facts and main beliefs in present tense.

THE ADMINISTRATION RULES
Administration Rules to Be Strictly Followed before Submitting Your Research Paper to Global Journals Inc.

Please read the following rules and regulations carefully before submitting your research paper to Global Journals Inc. to
avoid rejection.

Segment draft and final research paper: You have to strictly follow the template of a research paper, failing which your
paper may get rejected. You are expected to write each part of the paper wholly on your own. The peer reviewers need to
identify your own perspective of the concepts in your own terms. Please do not extract straight from any other source, and
do not rephrase someone else's analysis. Do not allow anyone else to proofread your manuscript.

Written material: You may discuss this with your guides and key sources. Do not copy anyone else's paper, even if this is
only imitation, otherwise it will be rejected on the grounds of plagiarism, which is illegal. Various methods to avoid
plagiarism are strictly applied by us to every paper, and, if found guilty, you may be blacklisted, which could affect your
career adversely. To guard yourself and others from possible illegal use, please do not permit anyone to use or even read
your paper and file.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS

decision of Paper. This report will be the property of Global Journals.

Topics

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XXI

Grades

Clear and concise with
appropriate content, Correct

format. 200 words or below

Containing all background
details with clear goal and
appropriate  details, flow
specification, no grammar
and spelling mistake, well
organized sentence and

paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well

organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
structuring of paragraph, no
grammar and spelling
mistake

Well organized, meaningful
specification, sound
conclusion, logical and
concise explanation, highly

structured paragraph
reference cited
Complete and correct

format, well organized

Unclear summary and no
specific data, Incorrect form

Above 200 words

Unclear and confusing data,
appropriate format, grammar
and spelling errors with
unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not  cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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