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A sustainable ruminant production system ensures economically viable livestock systems

that meet the current and future demands of animal products as well as the environmental

safety of current and future generations. The study analyzed the determinants of ruminant

farmers’ use of sustainable production practices for climate change adaptation and

mitigation in Enugu State, Nigeria. Multistage sampling procedure was used to select

ninety six (96) ruminant farmers that constituted the sample for the study. Semi-structured

interview schedule with open ended questions was used in data collection. Data were

analyzed using multiple regression and Pearson Moment Correlation statistics. Access

to veterinary services (t = 2.056, p = 0.044), monthly household income (t = 3.582, p

= 0.001) and annual income from ruminant production (t = −2.635, p = 0.011) were

socio-economic factors that significantly influenced use of sustainable practices. The

adjusted R- square implies that the three factors were able to explain 24% of variance

in use of sustainable practices. There is a significant positive correlation (r = 0.426, p

= 0.000) between knowledge level of farmers and their use of sustainable production

practices. Schemes for financial inclusion such as payment for ecosystem services can

spur farmers to adopt mitigation strategies. Improved climate change knowledge can

enhance ruminant farmer’s resilience to the increasing impacts of climate change.

Keywords: animal welfare, ruminant production, climate change, sustainable agriculture, adaptation and

mitigation

INTRODUCTION

Since the Rio meeting of 1992, the world has committed to reducing greenhouse gases which
cause climate change and to invest in processes that reduce the impact of climate change on lives
and livelihoods of populations. Climate change adaptation and mitigation have therefore been
on the front burner of scientific research, attracting international debates, and consensus. The
emergent of numerous climate change research gave rise to interests in sustainability and with the
Sustainable Development Goals coming on board, researchers and development practitioners have
directed efforts to sustainable production. Ruminant production and climate change are strongly
inter-dependent. The ruminant sector contributes to greenhouse gases (GHGs) emissions mainly
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through the emission of methane (CH4), largely from enteric
fermentation, nitrous oxide (N2O) emission from manure
and the use of nitrogenous fertilizers in growing feed, and
carbondioxide (CO2) from fossil fuel burning (1). Globally,
ruminants contribute about 80 percent of livestock emissions
of carbon dioxide (CO2), 47 percent of Methane (CH4), and
24 percent of Nitrous oxide (N2O) emissions (2, 3). About
90% of livestock emissions are produced by ruminants alone
through enteric fermentation (4). Enteric fermentation methane
(CH4), emitted from ruminants during digestion, is a main
source of global methane emissions and is responsible for 25% of
global methane emissions or 4% of overall anthropogenic GHG
emissions (5).

As ruminant production increases worldwide due to
increasing population, global increase in income and consequent
increase in demand for animal protein, wastes from ruminant
production is becoming a serious environmental concern. The
expansion in production of ruminant animals in response to
the increasing demand leads to resultant expanded quantities
and areas of production. These have detrimental effects on the
environment (6, 7). Obviously, in spite of their growing global
importance, livestock are increasingly being held responsible
for many adverse effects on the environments including climate
change, loss of vegetation cover, reduced biodiversity, soil
erosion and compaction, and excessive run-off often from
overgrazing (8).

On the other hand, ruminants are adversely affected by the
detrimental effects of extreme weather events. Climate change
extremes and seasonal fluctuations in herbage quantity and
quality affects the well-being of livestock leading to declines
in production and reproduction efficiency (9). For instance,
temperature affects most of the critical factors for ruminant
production, such as water and feed availability, production,
reproduction and health of animals (10). High temperatures
predisposes ruminants to physiological stress and diseases.
Also, high temperatures trigger the incidence of transmittable
chronic respiratory diseases: coryza, salmonellosis and infectious
laryngotracheritis (11). Thermal livestock stress decreases feed
intake and efficiency of feed conversion, especially for livestock
that are fed large amounts of high-quality feeds. In the case of
cattle, feed intake reduction leads to a negative energy balance
and reduced weight gain (10). Climate change affects feed
availability and quality leading to nutrient deficiencies resulting
in metabolic disease of varying nature. Mineral deficiencies
results in anemia, retarded growth, and reproductive disorders
in livestock. Also, the nutritional stress increases the case of
pregnancy toxemia and neonatal death due to poor milk yield
and resultant reduction in immunity with consequent proneness
to many infectious diseases (12).

Vector-borne diseases are also highly influenced by climatic
factors. Climate change result to an increased spread of existing
vector-borne diseases and macro-parasites of animals as well as
the emergence and spread of new diseases (13). According to
Ashraf et al. (14), climate change exerts both direct and indirect
influences on the transmission of vector borne diseases, affecting
timing of outbreak or the intensity of an outbreak, establishing
a temporal linkage and affecting geographical distribution,

establishing a spatial linkage of many infectious diseases in
animals. Prolonging of the warm season due to climate change
may increase the number of cycles of infection possible within
1 year for warm- or cold-associated diseases, respectively. As
climate change disrupts rainfall patterns, there are high risks of
a number of infectious diseases of ruminants including zoonotic
illnesses. For instance, under high humidity, the incidence
of helmenthosis increases in ruminants (11). Also, prolonged
period of no rainfall leads to drought spells which affects
pasture availability, quantity and quality. Feed scarcity due to
limited pasture leads to stress, immunosuppression and finally
predispose ruminant animals to different diseases and death.

Ruminant production is very important to Nigeria’s economy
not only as source of animal protein but as source of livelihood
for the rural poor farmers. In Southeast Nigeria, ruminants are
specially raised as source of investment in which they could
serve as source of income for household expenses, meat, and
manure, used in social and religious ceremonies and as a source
of insurance against crop failure (15) especially resulting from
climate-related shocks. Sheep and goat accounts for majority of
the ruminant production in Enugu State with the cattle being
produced mainly for ceremonial activities. All members of the
household including men, women and children are involved in
the management of ruminant production in the area. Enugu
State, ruminant production is faced with numerous challenges
ranging from seasonal feed shortages, high mortality rate as a
result of diseases and poor access to veterinary services, low
reproduction and general sub-optimal management practices.
Climate change further increases the already overwhelming risks
facing ruminant production in the area.

The strong inter-dependence between ruminant animal
production and climate change calls for concerted efforts
toward sustainable production of ruminant animals. Hoving
et al. (16) noted that sustainable intensification is critical
to global production of animal protein and for the farmers
and livelihoods that are dependent on livestock. Sustainable
agriculture is an agriculture that must produce adequate
amounts of high-quality food, protect its resources and be
both environmentally safe and profitable (17). Sustainability
rests on the principle that the needs of present generation
should be met without compromising the ability of future
generations to meet their own needs (18). Sustainable production
practices are those practices that in as much as they increase
production, does little or no harm to the environment. Therefore,
the quest to increase ruminant production to meet growing
demand should not be at the detriment of the environment.
Ensuring economically viable livestock systems that meet the
current and future demands of animal products as well as
the environmental safety of current and future generations
are the interests of a sustainable ruminant production system.
Sustainable intensification of ruminant production can be
achieved by improving animal health, welfare and production,
without harming the environment (19). Hence, adaptation
and mitigation strategies in ruminant production need to
recognize the unique challenge to decrease absolute emissions,
largely through reduced emissions intensity, while meeting
the growing global demand for meat and animal products
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(20). The FAO (2) noted that improving feeding practices
and digestibility of diets, improving yields through genetics,
feeding practices and animal health, reducing land use change
from feed crop cultivation and pasture expansion, improving
manure management, and improving the efficiency of feed
crop production, are potential mitigation pathways in ruminant
production. Hence, the following questions suffice: Do ruminant
farmers use sustainable production practices? Therefore, the
study sought to: identify sustainable production practices of
ruminant farmers for climate change adaptation and mitigation,
determine socio-economic factors influencing farmers’ use
of sustainable practices, determine the relationship between
ruminant farmers’ knowledge level and their use of sustainable
production practices and examine the challenges encountered by
ruminant farmers in using sustainable production practices.

THEORETICAL FRAMEWORK

The Theory of Planned Behavior (TPB) has been largely
applied to the study of environmental science research as it
can provide valuable implication not only in predicting and
managing individual behavior, but also for increasing social
and environmental sustainability (21). This paper is based on
TPB) which stems from the Theory of Reasoned Action (TRA).
The TRA posits that attitude and subjective norms are the
determinants of intention, and that intention directly affects
behavior to some extent (22). In the TPB, individual intention
mainly depends on three determinants: attitude, subjective
norms, and perceived behavioral control (21). The theory posits
that behavioral intentions are influenced by the attitude about
the likelihood that the behavior will have the expected outcome
and the subjective evaluation of the risks and benefits of that
outcome (23). The two theories are based on the premise
that individuals make logical, reasoned decisions to engage in
specific behaviors by evaluating the information available to
them (24). The performance of a behavior is determined by
the individual’s intention to engage in it, which is influenced
by the value the individual places on the behavior, the ease
with which it can be done and the views of significant others
and the perception that the behavior is within his/her control.
This means that individuals will adopt a behavior which they
think they can benefit from and which they have capacity
to use within their own specific circumstances and which its
adoption is supported by the members of their social system.
Knowledge is a prerequisite for effective action (25). Li et al. (26)
noted that factors which influence pro-environmental behavior
of individuals include environmental knowledge, demographic
factors, institutional factors, economic factors, social and cultural
factors, motivation, and so on. Farmers’ knowledge about a
technology is often influenced by their access to information (27–
30) which could come from extension, media and the farmers’
social network (28, 31, 32). This knowledge influences farmers’
evaluative capacity (30) which in turn influences farmers’ views
about the practices (perceptions) (33). Brokensha et al. (34)
noted that farmers’ perception, knowledge and practice influence
how farming decisions are made. It follows therefore that if

farmers have positive perception about sustainable production
practices, they are likely to practice them. Their perception is
however influenced by their knowledge of such practices. On
the other hand, the socio-economic characteristics of a farmer
determines whether or not he/she will adopt those practices.
Carpenter et al. (35) and Prokopy et al. (30) identified farm
and farmer characteristics as important factors enhancing a
farmer’s ability to adopt an innovation and considered it as a
resilience capacity. Prokopy et al. (30), Baumgart-Getz et al.
(27), and Li et al. (26) noted that important socio-economic
variables influencing farmers’ adoption decisions (including pro-
environmental decisions) are: age, education (formal education
and farmer training (extension), marital status, income, farming
experience, tenure, social network, labor, place of residence,
capital, information and so on. However, a short coming of this
model is that is does not take care of other exogenous factors
which could influence an individual’s choice of using or not using
a particular practice. This was taken care of in the study by
adapting and modifying the TPB.

MATERIALS AND METHODS

The study was conducted in Enugu State, Nigeria. The State is
located in the Southeast Geo-political Zone of the Country, lying
between latitude 5◦ 56’N and 7◦06’N, and longitude 6◦53’E and
7◦55’E (36). Multistage sampling procedure was used to select
ninety six (96) ruminant farmers that were used for the study.
At the first stage, two Agricultural zones (Nsukka and Awgu)
were selected through purposive sampling technique from the six
agricultural zones in the State. At the second stage, two blocks
were selected from each zone using simple random technique
giving a total of four blocks. The blocks were Nsukka and Igbo-
Etiti (Nsukka zone), Awgu and Aninri (Awgu zone). At the third
stage, two circles were selected from each block through simple
random sampling technique to give a total of eight circles. The
circles were Eziani and Obukpa from Nsukka Block, Ekwegbe,
and Ozalla from Igbo-Etiti Block, Mgbowo, and Akwu from
Awgu Block, Amorji, and Amokwe from Aninri Block. At stage
four, from a list of ruminant farmers provided by the extension
worker for each circle, 12 farmers each were selected through
systematic random sampling technique. Thus, the total sample
size for the study was ninety-six (96).

Semi-structured interview schedule with open-ended sections
was used in data collection. To ensure face validity, the interview
schedule was validated by three experts while a pre-test was done
to ensure reliability of instrument.Written consent was presented
and read out to the respondents.

(37) noted two ways of measuring sustainability indicators as:
(a) practice-based indicators or action-oriented indicators, i.e.,
using information on farmers’ practices or other causal variables
(corresponding to most of pressure indicators), and (b) effect-
based indicators or result-oriented indicators, i.e., based on an
assessment of the effect at different stages of the cause-effect
chain (from emission to impact indicators). For the purpose
of this paper, sustainability was measured with practice-based
indicators. The study used farmers’ practices as a measure of their
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use of sustainable production practices in ruminant production.
Respondents indicated sustainable production practices (SPP)
they used for climate change adaptation and mitigation. Each
adaptation and mitigation practice used was scored one and a
sum of the scores was generated for each respondent. Socio-
economic variable were measured as sex (Male = 1, Female =

2), age (years), educational level (years), household size (number
of individual in a household), access to extension (number of
times in the past 1 year), access to veterinary service (number
of times in past 1 year), years of farming experience (number of
years), years of ruminant farming experience (number of years),
access to credit facilities (Yes = 1, No = 0), annual household
income (in naira), annual income form ruminant production
(naira). Challenges encountered using sustainable practices were
stated and rated on a four-point Likert-type scale of great extent
(4), moderate extent (3), little extent (2), and No extent (1) with
a mean/cut-off point of 2.5. Any variable with mean of 2.5 and
above is accepted as a challenge faced by ruminant farmers in the
use of SPP. All interview and discussions were done using local
dialect. Data were analyzed using percentage and mean scores,
and multiple regression. The socioeconomic factors influencing
use of sustainable production practices were measured with a
regression model as presented in the model below.

Y = α + β1X1 + β2X2 + β3X3 + β4X4 + β5X5 + β6X6 + β7X7

+β8X8......... + β12X12 + U

Where:
Y = Use of sustainable production practice (Number of

sustainable production practices used by the ruminant farmer)
β1− β15 = Regression coefficient
X1 = Age (years)
X2 = Sex (Male= 1, Female= 0)
X3 = Marital status [Married = 1 (Living with spouse), Not

married (Not living with spouse)= 0]
X4 = Educational level [Educated=1 (any form of formal

education), not educated=0 (no formal education]
X5 = Years of farming experience (years)
X6 = Years of experience in ruminant production (years)
X7 =Household size (number of people living under the same

roof and having at least one meal per day together)
X8 = Extension contact in the last 1 year (Yes = 1, otherwise

= 0)
X9 = Access to veterinary services in the last 1 year (Yes =

1, otherwise= 0)
X10 = Access to credit facilities in the last 1 year (Yes =

1, otherwise= 0)
X11 =Monthly household income (naira)
X12 = Annual income from ruminant production (naira)
U= Error team

Pearson moment correlation was used to determine relationship
between knowledge level of ruminant farmers on climate change
(KLRFCC) and their use of sustainable production practices
(SPP). Knowledge statements were generated for each of causes,
effects, and adaptation and mitigation measures to climate
change. Respondents reacted to a set of thirty (34) KLRFCC test
statements by indicating “True” or “False”. Each correct answer
was scored “1” while an incorrect answer was scored “0”. A

composite score was therefore generated for each respondent
for knowledge on climate change and actual use of sustainable
production practices (SPP). The relationship was measured at
0.05 probability level.

RESULTS

Climate Risks Faced by Ruminant Farmers
A high proportion of the respondents (88.5%) experienced
reduced feed/pasture availability; and 94.8% indicated that
climate change has resulted in increased price of grains and
feed supplement as shown in Table 1. As uncertainties in onset
and duration of rains increase as a result of climate change,
the quantity and quality of pastures decline and farmers would
resort to feed supplementation in order to cope. The competition
for feed supplements will no doubt lead to high prices which
means more financial pressure on the ruminant farmers. Also,
89.6% perceived increased livestock disease occurrence while
88.5% experienced increased mortality of animals due climate
change. Higher risks of infection as a result of high temperatures
could overwhelm the coping capacity of ruminant farmers
leading to increased mortality of the animals. Similarly, 84.4%
of the respondents indicated reduced growth rate and 81.3%
perceived lower feed intake. Reduced growth rate is directly
linked to low feed intake. When feed intake of animals are
affected, major metabolic processes are retarded leading to
poor growth rate, reduced milk production, low resistance to
diseases and death may result. About 60.4% experienced heat
stress on their animals and 54.2% experienced reduced water
availability. High temperatures causes drought and heat stress
on animals. These triggers physiological disorders and reduced
activity in ruminants. This corroborates Malami and Tukur (38)
that climate change has led to reduction on feed resources, loss
in weight, increased mortality of young animals, increased heat
load on the animals from cloudless skies for most part of the year,
increased diseases and pest incidence in ruminant production.
These effects will no doubt result to low production thereby
impacting negatively on the farmers’ income. Climate change is
therefore hampering sustainable livestock production with the
result that availability, accessibility and affordability of animal
protein will be greatly affected.

Sustainable Production Practices of
Farmers for Climate Change Adaptation
and Mitigation
Results of the various adaptation options used by ruminant
animal as contained in Table 2 show that almost all (99.0%)
of the respondents adapted to the effects of climate change by
diversification with non-farming businesses. Ruminant farmers
will better adapt to the often sudden and devastating effects
of climate change like flooding by engaging in other income
generating activities that are not highly dependent on weather
events. Most (96.9%) of the respondents adapted by providing
sunshade, and 95.8% adapted by ensuring adequate ventilation
in the pens. Provision of sunshade and adequate ventilation of
pens basically used as measures to reduce the effects of high
temperatures which could predispose animals to heat stress and
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TABLE 1 | Climate risks faced by ruminant farmers.

Risks factors Frequency Percentage

Heat stress on animals 58 60.4

Lower feed intake 78 81.3

Reduced growth rate 81 84.4

Reduced milk production 7 7.3

Reduced milk quality 4 4.2

Reduced feed/pasture availability 85 88.5

Reduced water availability 52 54.2

Reduced quality of pasture available 44 45.8

Increase livestock diseases occurrence 86 89.6

Increased mortality of animals 85 88.5

Reduced meat quality 4 4.2

Reduced fertility 27 28.1

Increase price of grain/feed supplement 91 94.8

Change in the distribution of pests 10 10.4

Cold stress 9 9.4

certain ill-health conditions. Most (94.8%) of the respondents
also adapted by use of local breeds. Some local breeds are more
resistant to extreme weather and have developed immunity to
diseases prevalent in the local environment. The most common
local breed present in the study area is the West African Dwarf
(WAD) goat and sheep which are well-known to be resistant to
trypanosomiasis prevalent in humid parts of the country. Also,
92.7% adapted by diversifying livestock production with crop
farming. Diversification of farming enterprise helps farmers to
withstand the potential economic losses associated with climate
shocks. It increases the resilience of livelihoods to climate
impacts (39).

Similarly, the majority (89.6%) of the respondents adapted
by providing plenty drinking water for animals, 88.5% adapted
by diversifying their livestock types, while 87.5% engaged in
intensive rearing/home feeding of animals. Provision of plenty
fresh drinking water can help cushion the effect of heat stress
while diversification of livestock can help reduce the infestation
and spread of weather- related illnesses that are more prevalent
in a particular specie of animal (10). Also, 63.5% adapted
by medication/treatment of animals. Regular treatment of
diseases improves herd health and productivity thereby reducing
death of animals and consequent economic loss resulting from
climate change.

These results show that ruminant farmers are adapting
to climate change by using various sustainable management
practices. Improvedmanagement practices which do not increase
harm done to the environment are advocated for sustainable
ruminant production (40). These practice ensure that farmers
continue to increase production to enhance profitability of their
livelihood activities while constituting minimal or no harm to
the environment.

Results show that respondents adopted mitigation options as
indicated by 94.8% who engage in frequent removal of effluents,
while 90.6% diversify animal feed and 83.3% used supplementary

TABLE 2 | Sustainable production practices used by ruminant farmers for climate

change adaptation and mitigation.

Adaptation

options

Percentage

scores

Mitigation

options

Percentage

scores

Reducing stocking

density

79.2 Planting of trees

around animal houses

22.9

Provision of sun

shade

96.9 Reduced manure

storage time

4.2

Adequate

ventilation of pens

95.8 Providing bedding

materials during cold

7.3

Use of resistant

breeds

84.4

Medication/treatment

of animals

63.5 Using supplementary

feeding

83.3

Diversification with

non-farming

businesses

99.0 Frequent removal of

effluents

94.8

Diversification of

livestock

88.5 Using rotational grazing

system

24.0

Saving of animal

feed (hay, straw,

silage, etc.)

3.1 Intensive rearing of

animals/home feeding

87.5

Feeding with

higher proportion

of concentrates

6.3 Provision of vegetative

cover (grasses) around

animal farm to reduce

heat radiation from the

soil

4.2

Provision of plenty

fresh drinking

water

89.6 Reduce temperature in

manure storage

3.1

Use of local

breeds resistant to

prevailing climate

conditions

94.8 Addition of essential

oils to animal diet

reduce emissions

4.2

Vaccination of

animals

4.2 Diversification of animal

feed

90.6

Diversification with

crop farming

92.7 Reducing stocking

density

79.2

Harvesting forage

for ensiling at an

early stage of

maturity

3.1 – –

Seasonal

migration

(movement) of

animals

3.1 – –

Cross breeding

with resistant

breeds

12.5 – –

Bold values: Sustainable production practices used.

feeding. Deficiencies and metabolic diseases caused by feed
scarcity and poor quality feed can be cushioned through feed
diversification and use of supplements while removal of effluents
can ameliorates the build-up of GHGs. About 87.5% engage in
intensive rearing and 79.2% engage in reduction of stocking
density which leads to lesser emissions of GHGs (41).

It is noteworthy however that a number of sustainable
practices were yet to be embraced by a good number of

Frontiers in Veterinary Science | www.frontiersin.org 5 February 2022 | Volume 9 | Article 735139

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Nwobodo et al. Determinants of Ruminant Farmers’ Use

TABLE 3 | Socio-economic factors influencing respondents’ use of sustainable practices.

Model Unstandardized coefficients Standardized coefficients

B Std error Beta T Sig

Constant 9.911 1.349 7.346 0.000

Age 0.046 0.031 0.309 1.493 0.141

Sex −0.460 0.499 −0.122 −0.922 0.360

Marital status −0.171 0.613 −0.033 −0.280 0.781

Educational level 0.758 0.584 0.173 1.298 0.199

Years of farming experience −0.010 0.035 −0.069 −0.297 0.768

Years of experience in ruminant production −0.015 0.030 −0.087 −0.502 0.618

Size of household 0.021 0.107 0.022 0.193 0.847

Extension contact −3.586 1.966 −0.195 −1.823 0.073

Access to veterinary services 0.901 0.438 0.239 2.056 0.044

Access to credits facilities 0.367 0.949 0.044 0.387 0.700

Estimated monthly income 5.927-5 0.000 0.473 3.582 0.001

Annual income from ruminant production −8.345-5 0.000 −0.382 −2.635 0.011

Dependent variable: number of sustainable production practices, P = 0.05, R = 0.604, R2
= 0.365, Adjusted R2

= 0.236. Bold values: Significant values.

TABLE 4 | Correlation between knowledge level and number of sustainable

practices used.

Knowledge

level

Number of sustainable

production practices

used

Knowledge level

and use of SPP

Correlation

coefficient

1 0.426

Sig. (2-tailed) 0.000

N 96 96

Source: Field data, 2018–2019.

ruminant farmers. A closer look at the results suggests
that respondents were less engaged in mitigation practices.
Planting trees around animal houses contributes to carbon
sequestration as well as providing shading to animal houses
in extreme weather conditions (10, 16), feeding with higher
proportion of concentrates reduces methane release during
enteric fermentation (42), addition of essential oils in feed
reduces methane release during enteric fermentation (43, 44),
reduced manure storage time lowers the emissions of nitrous
oxide and methane by volatilization (10, 45), while reduced
temperature in manure storage (manure cooling) reduces
methane formation (46). The implication of the low use of
the mitigation measures is that more harm will continue to
be done on the environment by ruminant farmers in the area.
On the other hand, the results reveal that proactive measures
to possible effects of impending climate catastrophes were not
widely practiced by the respondents. For instance, harvesting
silage at early stage of maturity helps to ensure nutritious herbage
(16, 42) even during drought. seasonal migration of animals helps
farmers avoid impending climate risks like drought, flood, and
disease epidemics (47), storing of animal feed can help ensure
availability of enough quantity of feed in periods of scarcity such

as drought, while immunization/vaccination of animals helps to
prevent disease epidemic among herds which can be triggered by
climate extremes (39). Harvesting of silage and storing of forage
for use during drought periods could reduce migration and the
consequent incessant farmer-herder conflicts which has resulted
to unprecedented loss of lives and properties in the country.

Socio-Economic Factors Influencing
Respondents’ Use of Sustainable Practices
Table 3 shows the influence of socio-economic characteristics of
respondents on their use of sustainable production practices. The
overall result was significant (F = 2.829, p = 0.004), implying
that socio-economic characteristics of ruminant farmers had
significant influence on their use of sustainable production
practices. The regression results show that among the socio-
economic factors, access to veterinary services (t = 2.056, p <

0.05) had significant positive influence on use of sustainable
production practices. This implies that ruminant farmers
with access to veterinary services engaged more sustainable
production practices than those without access. This could be
attributed to the fact that veterinarians supply farmers with
relevant advice on sustainable strategies used in dealing with the
impacts of climate change on health of ruminant animals. Also,
monthly household income had significant positive influence
(t = 3.582, p < 0.05) on the use of sustainable production
practices. Household income in this study refers to the totality
of income generated (estimated monthly) by all members
of a household including farm and non-farm incomes. This
means that higher income status of households enhances
the use of sustainable production practices. The result may
stem from the fact that a number of sustainable production
practice may require extra expenses and household members can
willingly and easily offer financial assistance to the household
member rearing ruminants. The implication of this is that
relevant bodies such as development agencies, governments
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TABLE 5 | Challenges to use of sustainable production practices in ruminant

production.

Constraints Mean Std deviation

Lack of funds 3.71 0.78

High cost of feeds 2.41 1.25

High prevalence of animal diseases 2.77 0.83

Poor educational level of farmers 2.00 1.01

Failed government policies 1.70 0.95

Urbanization 1.14 0.57

Inadequate storage facilities 1.51 0.81

Glut when marketing during shock 1.27 0.62

Inadequate extension services 2.37 1.08

Inadequate manpower 2.20 1.15

Poor awareness on sustainable production practices 2.22 1.16

Water scarcity 1.70 0.81

Pressure on grazing lands 1.45 0.80

Lack of access to improved breeds 1.56 0.90

Theft 1.47 0.94

Inadequate modern farm input 1.56 0.89

Lack of good management skills 1.99 1.05

High cost of drugs 2.68 1.11

Transportation issues 1.39 0.64

Inadequate basic infrastructure 1.50 0.82

Land scarcity 2.52 1.24

Poor attitude to animal production 1.71 1.10

Cultural influence 1.03 0.18

Cut-off = 2.5. Bold values: equal to or greater than the cut-off point.

and financial institutions could support the use of sustainable
production practices through programmes aimed at increasing
the financial base of ruminant farmers. Terfa and William (48)
stated that since rural farm households in sub-Saharan Africa
are vulnerable to climate change as they have low financial
base, it is crucial to examine how financial inclusion can
enhance their resilience to the increasing impact of climate
change.

On the other hand, results show that annual income from
ruminant production had significant negative influence (t =

−2.635, p < 0.05) on use of sustainable practices. This could
mean that larger farms tend to engage in unsustainable practices
than smaller farmers. According to Lin et al. (49), large
scale livestock production increases the impact of livestock on
GHGs emissions which includes a variety of production-related
activities such as over grazing, enteric fermentation, feed-crop
production with fertilizers and burning of fossil fuel through
transportation of inputs, outputs and products. This result
implies that ruminant farmers tend to overlook their production
activities once their herd size gets larger. This is attributable to
poor management arising from the financial, labor and other
demands required in taking care of large herd size. Advocates of
sustainable development could target larger ruminant farms in
the provision of incentives for enhancing sustainable production
of ruminant.

The R square value is the proportion of the variability in the
use of sustainable production practices which was explained by
the regression model. The adjusted R square is the estimate of
r2 for the population. Therefore, access to veterinary services,
monthly income and income from ruminant production were
able to explain 24% of the variance in the use of sustainable
practices by respondents. The TPB posits that individuals will
adopt a behavior which they think they can benefit from and
which they have capacity to use within their own specific
circumstances. This result support the theory in that it shows
that the ruminant farmers can use those sustainable practices for
which they have financial capacity to adopt.

Relationship Between Respondents’
Knowledge Level on Climate Change
(KLCC) and Their Use of Sustainable
Production Practices (SPP)
Table 4 shows a Pearson Moment correlation between ruminant
farmers’ knowledge level on climate change (KLCC) and their
use of sustainable production practices (SPP). Results show that
there is a significant positive correlation (r = 0.426, p < 0.05)
between KLCC and their use of SPP. This means that higher
knowledge level of ruminant farmers on climate change enhances
use of sustainable production practices. Nwobodo and Agwu
(18) had noted that climate change knowledge level of farmers
needed to be improved in order to foster effective adaptation and
mitigation as continuous neglect of cognitive adaptive capacity
of individual actors on climate change will undermine efforts of
attaining the goals of current and future adaptation strategies.
The implication of this is that climate change communicative
interventions such as trainings and symposiums should target
ruminant farmers to boost their knowledge and enhance their
use of sustainable practices. Such interventions could focus more
on activities that enhance mitigation by reducing greenhouse
gas emissions thereby reducing catastrophic events resulting
from climate change. This will promote long term resilience of
ruminant farming systems. Pretty and Bharucha (50) suggest
improvement of farmers’ knowledge and capacity through the
use of farmer field schools, videos and modern information
communication technologies.

Challenges to Use of Sustainable
Production Practices
The challenges (Table 5) farmers encounter in using sustainable
practice in ruminant production were: lack of funds (M =

3.71, SD = 0.78), land scarcity (M = 2.52, SD = 1.24), high
prevalence of animal diseases (M = 2.77, SD = 0.83), and high
cost of drugs (M = 2.68, SD = 1.11). Land scarcity and lack
of funds hinders expansion of ruminant production enterprise.
Farmers are limited in the number of animals they can keep
because of insufficient fund and limited land area. Farmers in
the area could only construct small pens within the available
land which can only contain limited number of animals. This
will restrict the spaces available and could subject the animal to
overcrowding. Respondents narrated how livestock diseases such
as tryponosomiasis, mastitis, brucellosis, foot and mouth disease,
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ecto- parasites and endo-parasites are reported had constrained
their ruminant production enterprise. They stated that high cost
of drugs and veterinary services to attend to sick animals is
very high leaving many of the farmers without regular access
veterinary services. Offor et al. (51) had noted that insufficient
fund and disease incidence were the major constraints identified
by small ruminant farmers. The increased incidences of diseases
outbreak resulting from climate change without regular access
to veterinary services leads to high mortality which translates to
huge economic losses to ruminant farmers.

The standard deviations from almost all the results were less
than zero (0), except for high cost of drugs. This suggests that
respondents had convergent view on the challenges they faced
in using sustainable production practices. However, respondents
had little bit of divergent view on high cost of drug. This could
mean that high cost of drug is relative to the income level of each
of the respondents. Most of the ruminant farmers were poor and
would find it costly to afford basic drugs for their animals. Having
identified diseases outbreak as a major constraint, the farmers
would not have complained about the cost of drugs if they were
high income earners.

DISCUSSION

Ruminant farmers make use of sustainable production practices.
However, they made more use of adaptation practices and
little of mitigation practices. They may have engaged more in
adaptation because those measures are more or less ad hoc,
offering immediate relief to the effects of climate change. This
is attributable to their low scale of production which does
not encourage long term investments especially in practices
that do not yield immediate results. Also, farmers may not be
inclined to adopting mitigation measures if they do not see
a tangible link between such measures and farm productivity
and/or household food security. Wollenberg et al. (52) argue that
smallholder farmers in developing countries prioritize immediate
benefits and are more likely to adopt mitigation measures if
they perceive co-benefits or outcomes in using such measure in
enhancing productivity and improved household food security.
Ruminant farmers could be encouraged to adopt mitigation
strategies through schemes such as payment for ecosystem
services, increased prices for sustainable low carbon impact
products. Agricultural development agencies and governments
could mainstream mitigation of climate change through such
policies that offer incentives to ruminant farmers who adopt
mitigation measures. Although the number of sustainable
productive practices used appears to be limited in terms of
explaining the use of SPP. However, the challenges to use throws

explained other factors that could constrain or enhance use. Lack
of funds, high prevalence of animal diseases, high cost of drugs
and land scarcity were the challenges faced by farmers in using
sustainable production practices. Having access to veterinary
services, estimated monthly income were the socio-economic
factors that positively influence farmers use of sustainable
practices while annual income from ruminant production
negatively influence farmers use of sustainable practices.

CONCLUSION

Relevant policies that promote financial inclusion such as
improved access to credits, loans and grants will help ruminant
farmers build resilience while minimizing their contributions
to climate change. The significant positive correlation between
knowledge level on climate change and use of SPP implies
that more knowledge of climate change issues could translate
to better adaptation to and mitigation of climate change.
Therefore, agricultural extension agencies should prioritize
adaptation and mitigation in its tool kit. Famer-to-farmer
extension should be encouraged in order to offer ruminant
farmers more opportunities to learn from fellow farmers who
could act as climate change vanguards by development agencies.
More sophisticated adaptation and mitigation strategies could
be introduced to farmers in the area. Governments could make
provisions for veterinary services at a subsidized rate for farmers.
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