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Abstract 

Information from 120 pig farmers was collected using a structured questionnaire. Percentage, regression and multi nominal 

regression model were used to address the objectives of the study. The major results were that use of heat resistant breeds, heat 

resistant roofing materials and use of cross ventilation were the adaptation strategies adopted by the respondents. The variability of 

temperature, rainfall and pressure affected pig prosduction Also, age of the farmers, farm size, educational level, and access to 

climatic information affected households’ choice of climate change adaptation strategies. The result of the challenges to adaption 

to climate changes in the study area were Poor access to credit, technology and extension services were the major limitations to the 

adaptation of the climate change strategies. The need to enhance farmers’ access to credit, educational programmes and extension 

services were recommended. 
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Introduction 

Agriculture is the engine of the economy of most countries in 

sub-Saharan Africa and the role of small holder farmers in 

accomplishment of this noble art is well acknowledged [4, 7, 15]. 

The smallholder farmers as asserted by FAO [24, 34] constitute a 

significant portion of the world farming population with an 

estimated 450 - 500 million representing 85% of the world’s 

farmers. One of the characteristic features of this farming 

class is its vulnerability to climate change, which are 

occasioned by poor financial resources, low institutional and 

technological adoption capability [1, 71]. Climate change is long 

term continuing fluctuation of weather variables [39, 48] caused 

by release of green house gases created by human events 

(IPCC, 2001) [45]. Furthermore, to [47; 55], it is a continuing 

variation in rainfall patterns and shifting temperature zones 

which is capable of being unfavorable to the food security and 

economic growth of the affected locality. 

In livestock industry, pig production precisely, the influence 

of climate change differ slightly (depending on the breed 

types, locality etc), but the commonly reported problems are 

lack of portable water for the animal’s use, incidence of 

diseases and pests, exitnction of the animal at extreme heat 

stress condition, alteration in grazing behavior [44, 52] decrease 

in feed intake and feed digestibility and efficiency of feed 

utilization (which can be measured in terms of growth, pork 

and milk production of feed available) [37, 64]. Other affects 

widely reported by scholars [27, 45, 64] are low pork carcass 

quality, increase in frequency of parasite and decline in the 

storage and handling of animal products. 

Studies reveal the need to develop adaptation strategies or 

strengthen the available local ones to mitigate the influence of 

climate change on the likely extinction of the most accessible 

and affordable animal – protein origin by the resource poor 

household in most rural areas of developing countries [28, 33]. 

Adaptation according to [46, 54, 63] refers to modifications in 

human–environmental systems in response to observed or 

anticipated variation in climatic stimuli. In the same vein, 

adaptation is the process of improving individual or society’s 

capability to deal with changes in climatic conditions across 

time scales [60, 67]. In addition, according to [56], adaptation 

entails the use of risk minimizing strategies and adoption of 

innovative low-input practices that can acclimatize to the 

environmental adjust.  

In Africa, smallholder farmers have over the years developed 

adaptation methods to climatic changes and this is through 

proper comprehension of farming systems and ability, and 

more predominantly the utilization of traditional knowledge 

and their income [6, 60]. These adaptation strategies are usually 

location and farmer specifics. However, it becomes necessary 

to identify the adaptation strategies used by the farmers and 

factors sway such choice, since there is paucity of such 

information in the study area. The specific objectives are to: 

1. describe the pig farmers’ socioeconomic characteristics; 

2. identify the adaptation strategies adopted by the farmers 

3. determine the effects of variability on pig production 

4. determine the factors affecting households choice of 

climate change adaptation strategies; and 
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5. Identify the factors limiting farmers’ adaptation to climate 

change. 

  

 
 

Fig 1: Map of southeast, Nigeria 

 

Climate change and pig production; Impacts, adaptation 

and mitigation 

There are glaring evidence that protein deficiency is 

accountable for prevalent under-nutrition and malnutrition 

among all ages in most rural areas of the countries in sub – 

Saharan Africa [7; 12]. Such nutrient lack is capable of causing 

weight loss, weakness, fatigue, poor appetite and anaemia 

among the vulnerable usually children under five years old [15; 

37]. In addition, [45] reported that deficiency of protein is 

capable of undermining the efficiency and effectiveness of the 

labour population, hence dwarfing the nation’s production and 

productivity particularly in the developing countries where 

farming is nearly zero mechanized. In recent time, there is a 

growing demand for livestock production and its products and 

this scenario, which is occasioned by varied policies and 

programmes by governments in the region, which is deemed 

by various literatures as “livestock revolution” [28, 58]. Apart 

from nutrition, livestock sector is source of employment for 

over1.1 billion people globally; income source through the 

marketing of the animal and it’s by - product, source of 

manure for crop production, source of foreign exchange and 

among others [32, 65]. 

In livestock sector industry, pig production is gradually 

gaining prominence in non Muslim areas in most developing 

countries and this may not unconnected with inherent traits of 

the animal. The pig genetic traits as reported by [3, 5] are high 

fertility [20-30] piglets from 2-3 litres per year), high survival 

rate especially under scarcity of inputs and good convert of 

agro-industrial waste products to meat cheaply and more 

rapidly than any other domestic animal and high carcass 

dressing percentage. However, nowadays, piggery industry 

production and productivity has been hampered significantly, 

and chiefly among such factors is by climate change [13, 17, 21, 

35]. Intergovernmental Panel on Climate Change (48) defined 

climate change as statistically significant variations in climate 

that endured for a extended period, usually decades or longer. 

The affects of climate change in livestock industry is 

detrimental and centrally among them are reduction in the 

quality of feed crop and forage, water availability, milk 

production, reproduction, biodiversity and increase in disease 

infestation [14, 16, 17, 25]. Climate change, apart being a threat to 

pig industry, it is probably the most important environmental 

concern and characteristics of being harsh and extensive 

destructive impacts, menacing ecological systems through 

heating up of the planet, peoples’ source of living, and species 

continued existence [6, 13]. 

Global climate change is primarily rooted to Green House Gas 

(GHG) emissions as caused by human activities that results in 

warming of the atmosphere [53, 69]. The livestock sector 

contributes 14.5% of global GHG emissions [32], of which hog 

industry constituted about 7% [50]. For instance, the Green 

House Gas generated by livestock are, methane (44%) 

generated during enteric fermentation (eructation in 

ruminants) and from manure decomposition, carbon dioxide 

(CO2) (27%) released during the production and transport of 

animal products and feed and Nitroxide (N2O) (29%) emitted 

from manure and fertilizer [35]. The affects of the GHG are 

increasingly land degradation, air and water pollution, and 

declines in biodiversity [36, 23], which although has global 

dimensions but Africa, particularly the Southern part is most 

vulnerable [36, 62]. This could be linked to poverty, low 

adoption of technology and poverty links characteristics 

associated within the region [14, 24]. Therefore, there is need to 

understand the interaction between climate change and pig 

production  

 

Impact of Climate change on pig production 

The impacts of climate change on pig, just like other livestock 

are as result of an increase in temperature and atmospheric 

carbon dioxide (CO2) concentration, precipitation variation, 

and a combination of these factors [12, 16, 43, 69]. Among the 

above factors, it is of paramount importance to state that 

temperature is a critical factors that thwarts most pig 

production through its water availability, production, 

reproduction and health [14].  

 

Forage quantity and quality 
The quantity and quality of forage are affected by a 

combination of increases in temperature, CO2 and 

precipitation variation [32, 69]. Furthermore, carbon dioxide 

(Co2) affects on C3 species and less on grain yields, partial 

closure of stomata, reducing transpiration, and improving 

some plants’ water-use efficiency [20] 

The varied effects of changes on quantity and quality of 

forage depend on the location, production system used, and 

plant species [23]. 

 

Water Availability  

Water is vital in pig metabolism and in wallowing under 

severe high temperature [19, 30]. Salination as result of sea rise 
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is capable of affecting animal metabolism, fertility, and 

digestion in generals [68]. Studies show that salination adds to 

chemical and biological contaminants and high concentrations 

of heavy metals could impair cardiovascular, excretory, 

skeletal, nervous and respiratory systems, and impair hygienic 

quality of production [74, 65]. 

 

Disease and Pest Infestation 

The increase in temperature is capable of causing growth of 

pathogens and parasites that live outside of their host, 

resulting in poor performances of livestock [3, 4]. Global 

warming and changes in precipitation affect the quantity and 

spread of vector-borne pests such as flies, ticks, and 

mosquitoes especially under warmer condition [20, 29]. In 

addition, under warmer atmospheric temperature, there is 

higher disease transmission between hosts. 

 

Heat Stress: Heat stress is one of the major concerns in pork 

production, since pigs do not have functional sweat glands 

like other livestock species in order to assist them in 

efficiently discharging of body heat. Pigs have, a range of 

ambient environmental temperatures (a thermal comfort zone) 

that are important for physiological functions. Heat stress on 

pig is dependent on temperature, humidity, species, genetic 

potential, life stage, and nutritional status [4, 36]. In pig, the 

thermal comfort zone varies depending on the stage of growth 

of the animal. For instance for;  

 

Boar: Heat stress affects the reproduction efficiency of the 

animal through impairment of the oocyte growth and quality 

in boar, lower sperm concentration and quality in boar [14] 

Prolonged high temperature alter the metabolic rate, endocrine 

status, oxidative status [13]. In a related studies, [6, 42, 48] 

reported that increased temperature is capable of causing 

alteration of glucose, protein and lipid metabolism, liver 

functionality (reduced cholesterol and albumin), non-esterified 

fatty acids, saliva production, and salivary HCO3
- content, 

boar fitness and longevity. 

 

Sow: Studies [64, 68; 74] revealed that piglets born to sows that 

underwent heat stress during pregnancy will have increased 

core body temperature making them more vulnerable to heat 

stress after birth, metabolism of these offspring is also 

modified resulting in less skeletal muscle and more fat tissue 

being deposited during the growth stage. Heat stress as 

asserted by [41, 65] predisposes sows to decrease in farrowing 

rates, lower total born per litter, decrease in number of live 

piglets per litter; reduced number of litters farrowed per sow, 

higher embryonic death during early gestation and higher 

stillborns at late gestation and lower piglet body weight. 

 

Finishing pigs: Heat stress on growing-finishing pigs has the 

potentials of causing decreased feed intake, reduced body 

weight achieved, unintelligible market weights [14, 74] 

decreased feed efficiency, higher carcass fat deposits, reduced 

carcass quality and malfunction to retain pregnancy [17]. 

 

Biodiversity: Biodiversity refers to a variety of genes and 

organisms within a specific environment, which is able to 

boosting human well – being [24, 73]. Studies show that climate 

is one of the direct divers of biodiversity loss. For instance, at 

temperature increase of 2 – 3oC and above pre – industrial 

level as reported by [48, 62] results in potential loss of 20 – 30% 

of bioversity loss of plant and animal, loss of species 

reproduction, migration, mortality and distribution. 

 

Food Security: Food security is a situation “when people, at 

all times, have physical and economic access, safe and 

nutritious food to meet their dietary needs and food 

preferences for an active and healthy life [32]. Pig just like any 

other livestock contributes greatly to food security because: (i) 

suppliers of global calories, proteins, and essential 

micronutrients, (ii) thrives in areas not suitable for crop 

production (iii) most of the livestock feeds not suitable for 

human use, and (iv) boost sil fertility for plant growth through 

its manure [9, 31, 32]. However, the rivalry between pig and man 

for grains could negatively affect food security [64].  

However, because of the effects of climate change, the needs 

for adaptation strategies become necessary. Adaptation as 

highlighted by [53, 62] is the process of improving society’s 

aptitude to manage the variations in climatic environment 

across time scales, from short term such as seasonal to annual 

to the long term like decades to centuries). These adaptation 

strategies could be in micro and macro levels, and the choice 

of the adaptation is affected by resource constraint (credit 

problem and poor access to market) and poor infrastructure [60, 

61]. The appraisal of farm-level adoption of adaptation 

strategies is significant in supplying information that can be 

used to formulate policies that could enhance adaptation as a 

tool for managing a variety of risks associated with climate 

change in agriculture [73, 75]. The adaptation strategies as 

suggested by [38, 40] are to improve insulation of buildings to 

control internal temperature more effectively and reduce 

energy wastage, design ventilation control systems to manage 

changing climatic conditions and use enclosed creep boxes in 

farrowing houses to better regulate the environment for piglets 

and sows. The use of improve design and management of 

wallows and shaded areas, invest in water storage facilities, 

use less intensive rearing techniques and use of less fatty food 

in the animal feed [10, 31, 75] 

For pig and other livestock-based livelihood, adaptation 

choice is influenced by climatic risks, agro-ecological zones, 

livestock production method and the socioeconomic 

characteristics of the household [2, 56]. The ability to adapt to 

climate change and the associated risks is functions of the 

economic resources, geographic location, existing 

technologies and information, infrastructures, institutions and 

networks [43, 61]. However, chiefly among the limitations to pig 

farmers in most developing countries to adaptation to climate 

change impacts are poor access to landfor farming, high cost 

of farmland, land ownership by inheritance, communal system 

of land ownership, poor access to source of information, poor 

access to credit facilities and poor availability of farm inputs 

of which vaccines and drugs stand tall [1, 3 6, 59]. The others 

barriers are insufficient knowledge of how to survive, high 

cost of improved pig breeds, lack of access to weather 

forecast, technologies, government irresponsiveness, climate 

risk management, poor agricultural extension service, lack of 

capacity of extension personnel to build resilience ability of 

farmers on climate change and poor information on early 
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warning [4, 9, 12 ]. 

Mitigation and adaptation strategies are especially important 

in piggery for three main reasons, include enhancing poverty-

reducing impacts, improved livelihoods and the nutrition of 

adults and children, improved pig farming for attainment in 

the levels of self-reliance; overflow of extended interest 

through increased investments in infrastructure and the import 

of pure bred pig. It could include technical and management 

options that encourage; reduction of greenhouse gas (GHG) 

emissions from livestock; efficient livestock feeding systems, 

balanced feed rations and efficient manure management [23, 63]. 

For instance, the foremost ways of reducing GHG, could be 

through feeding pigs with concentrated diets in a finely 

ground or pelleted ration, use of β-adrenergic agonists (βAAs) 

and recombinant bovine somatotrophin (rbST) as growth 

improved technology [66], use of feed additives such as nitric, 

fumarate and sulfate [38], genetic selection aimed at enhancing 

pig productive through greater feed intake with aim of 

sustaining the energy supplies associated with growth [8, 9, 13]. 

 

Materials and Methods 

The study was conducted in South East Nigeria and located 

between latitude 509' and 7075'N of equator and longitude 

6085' and 8046' East of Greenwich Meridian. It has a total land 

mass of 10,952.400ha with population of 16,381.729 people 

(54). The zone comprises of of Abia, Anambra, Ebonyi, 

Enugu and Imo. South East Nigeria is bordered in the North 

by Benue and Kogi States, in the West by Delta and Rivers 

States, in the South by Akwa Ibom State and in the East by 

Cross River State. South east states comprises of rainy season 

(April – October) and the dry season (November to March). 

The zone has temperature range between 180C – 340C and 

relative humidity of 60 – 70%. The inhabitant of the zone are 

agrarians and engaged in other non agricultural activities such 

as civil service, pottery, vulcanizer and tailoring.  

Purposive and multi-stage random sampling technique was 

used to select states, Local Government Area (LGA), 

communities, village and respondents. In the stage I, three 

states (Imo, Anambra and Enugu) were purposively selected 

because of their nearest to breweries (3- 3 Dubic and Ama 

Breweries respectively for the states), as sources of spent 

grain use in pig production. In stage II, one LGA each were 

the breweries are located were chosen. The LGAs were 

Awomama for Imo State, Ogbaru and Udi for Anambra and 

Enugu States respectively. In the third stage, two towns each 

were randomly selected from each of the LGAs. This brought 

to a total of six towns. In the third stage, two villages were 

randomly selected from each of the six towns. Finally, with 

help of local leader and Agricultural Development 

Programmed (ADP) extension agents, the lists of pig farmers 

in the selected villages were made available. From the list, ten 

farmers were randomly selected from the twelve villages. This 

brought to a total of one hundred and twenty pig farmers for 

detailed studies 

A Structured questionnaire was used to collect information on 

primary data in respect to farmer’s socio-economic 

characteristic (age, educational level, household size, farming 

experience, membership of organization), farmer’s adaptation 

strategies and limitation to farmers’ adaptation strategies such 

as credit, labour and poor extension outreach. Secondary data 

was obtained from literatures, journals, proceedings, textbooks 

and other periodicals. 

Descriptive statistic such as percentages and frequency 

distributions was used to address objectives I, iii. and v. 

Objective ii was accessed using Multiple Regression Model 

(MRM) while objectives iv was addressed using Multi 

Nominal Logit Model (MNLM)   

 

Model Specification 

Multiple Regression Model 

The model is implicitly represented below as 

 

Y=f(X1, X2, X3, X4, X5, X6, X7, X8,…Xn)………………… (9) 

 

Four functional form of the models: linear, semi-log. 

Exponential were tried and the one that gave the best fit were 

chosen. 

Linear function: 

 

Y=b0+ + b1x1+ b2x2+ b3x3+ b4x4+ b5x5+ b6x6+ b7x7+ei… (10) 

 

Semi logarithmic form: 

 

Y=b0+b1log+b2logX2+b3logX3+b4logX4.......+ei…… (11) 

 

Double logarithmic form: 

 

Log Y=b0+b1logX1+b2logX2+b3logX3+b4logX4…+ei.… (12) 

 

Exponential function: 

 

Lny =b0+b1X1+b2X2+b3X3+b4X4…+ie……………………. 4 

 

Where Y=pig 

X1 =Temperature (0c) 

X2 =Rainfall (mm) 

X3 =Relative humidity (%) 

X4 =Sun Shine (kg) 

X5 =Wind (Knots) 

X6 =Pressure (Pa) 

X7 =Cloud Cover. (Okta) 

 

Multi-Nominal Logit Model (MNLM)  

This was used to analyze the factors influencing households’ 

choice of climate change adaptation strategies. According to 

Magombo et al. (2011), MNL model for choice of adaptation 

strategies state the association between the likelihood of 

choosing an adaptation choice and the set of explanatory 

variables. The adaptation strategies are grouped into six 

groups, since the households use more than one plan and one 

group is “no adapting to climate change”. Thus the groups are 

destocking. 

The MNL Model is stated implicitly as follows: 

 

Yi =  In (Pi, PI) = β0 + β1x1 + β2x2+ β3x3+ β4x4+ β5x5+ 

β6x6+ β7x7+ β8x8+ β9x9+ ei ……………………………… (13) 

 

Where  

Yi = adaptation strategy (no adaption; heat tolerant breeds, 

adequate cross ventilation, adequate and clean water in the 
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warrowing trough, appropriate roofing materials, less fatty 

food in their feed and any other strategies). 

Xi, where i = 1, 2, 8 are explanatory variables,  

X1 = Gender of the farmers (male=1, otherwise=0) 

X2 = Age of the farmers (years) 

X3 = Educational attainment (years) 

X4 = Experience in farming (yearrs) 

X5 = Availability of Extension Services (access=1, 

otherwise=0)  

X6 = Membership to social network (member=1 otherwise=0) 

X7 = Access to credit (access=1, non access =0) 

X8 = Climate change information (access=1, otherwise=0) 

ei = error term  

 

Model Specification 

The multinomial logit (MNL) model is used to examine the 

determinants of farmers’ choice of adaptation strategies in 

South East Nigeria. This method can be used to analyze crop 

choices as techniques to adapt to the negative impacts of 

climate change. The gains of the MNL is that it allow the 

analysis of decisions across more than two categories, 

permitting the determination of choices for diverse categories 

(20) and it is as well computationally easy. Let x be a 1x k 

vector with first element unity. The MNL model has response 

probabilities. 

 

P(y = j/x) = 

 

 exp (x j) 

[1+   …13) 

 

Where j is kx1, j=1,…,j. 

 

To describe the MNL model, let y denote a random variable 

taking on the values {1, 2,..., J} for J, a positive integer, and 

let x denote a set of conditioning variables. In this case, y 

denotes adaptation alternatives or group and x contain diverse 

household, institutional and environmental features. The 

question is how cetirus paribus variation in the elements of x 

Affect the response probabilities (P(y = j/x), j = 1, 2,..., J. 

Since the probabilities must sum to unity, P(y = j/x) is resolute 

once we recognize the probabilities for j = 2,..., J. 

Let x be a 1 _ K vector with first element unity. The MNL 

model has response probabilities: 

 

Pðy ¼ jjxÞ ¼ expðxbjÞ 1 þPJh¼1 expðxbhÞ; j ¼ 1;... ;Jhi  

………………………………….. (14) 

 

Where Bj is K - 1; j ¼ 1;...; J: 

Unbiased and reliable parameter estimates of the MNL model 

in Eq. (1) entails the assumption of independence of 

extraneous options (IIA) to grip. More intentionally, the IIA 

assumption necessitated that the possibility of using a exact 

adaptation system by a given household desires to be 

autonomous from the odds of choosing another adaptation 

method 

 

Results and Discussion 

From Table 1, 70% of the respondents were males, while 30% 

were females. This implied that men are more involved in pig 

production in the study area than women. The reason for this 

is likely stern from the fact that pig farming is labour and 

capital intensives that men are more capable of handling it [2].  

 
Table 1: Distribution of Respondents According to Socio-economic 

Characteristics 
 

Variable Frequency Percentage 

Gender   

M 84 70 

F 36 30 

Age   

< 20 6 5 

21 – 41 32 26.7 

42 – 62 52 43.3 

63 – 83 30 25 

Level of education   

Primary 22 18.3 

WAEC 52 43.3 

Tertiary 46 38.3 

Farming Experience 

> 5 

 

14 

 

11.7 

6 – 10 66 55 

11 – 15 36 30 

16 and above 4 3.3 

Access to climatic information   

Access 76 63.3 

No access 44 36.7 

Member. Of Organ.   

Members 84 70 

Non members 36 30 

Access to Credit   

Access 76 63.3 

Non Access 44 36.7 

Access to exten. Service   

Access 52 43.3 

No Access 68 56.7 

Source: Field Survey, 2016 

 

From table 1, it was observed that 43.3% of the respondents 

fell between the age bracket of 42 – 62, 25% were within 63 – 

83 of age, 26.7% were 21 – 41, and 51% were less than 20. 

According to [61] ageing and teenage populations are less able 

to source and synthesize information on climate change and 

even to engage in modern agricultural practices. Table 1 

reveals that all the respondents were educated, with 43.31% of 

the respondents having secondary school education, 38.3% 

had tertiary education, 18. 3% attended primary school. 

Education is an important factor that could enhance farmers’ 

ability to evaluate, understand, and accept new innovations on 

climate change [4]. From table 1, most (56%) of the 

respondents had 6 – 10 years of farming experience, 30% had 

11 – 15 years and 3.3% had 16 years and above. Experienced 

farmers are always capable of noticing climate change 

encroachment/signs, hence could adapt the necessary coping 

mechanisms to avert it [59]. 

In addition, 56.7% of the respondents had no access to 

extension services, while 43.3% do. This implies that most 

farmers had poor access to extension services, hence, could 

likely not to enjoy the services of extension programme as 

regards to climate change, source of improved pig breeds and 
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technical assistance [69]. More so, 63% of the respondents had 

access to credit, while 67% had no access. Credit help farmers 

to pay for labour and procure inputs to offset likely climate 

change challenges [6]. Furthermore, majority (63%) of the 

respondents were aware of climate change, while 37% do not. 

This is in line with [52], who opined that when people are 

aware of climatic information, they tend to adjust through 

short and long term coping strategies to cushion the effects. 

Table 1 also shows that 70% of the respondents belonged to 

one or more social organizations, while 30% belonged to 

none. Membership of Organization through exchange of 

ideas/interaction among members could impact into 

themselves information as regards to climate change 

adaptation method [39].  

Table 2 reveals that 76.67% of the pig farmers used cross 

ventilation mechanism to avert the effects of climate change in 

pig production.  
 

Table 2: Distribution of Respondents According to Adaptation 

Strategies 
 

Adaptation Strategies Frequency Percentage (%) 

Cross ventilation 96 80 

Heatresistant roofing material 36 30 

Adequate water for wallowing 94 78.3 

Feeding with less fatty feed 37 30.8 

Enough drinking water 64 53.3 

Using heat-resistant animal 85 70.8 

Planting of tree as shade 70 58.3 

Source: Field Survey, 2016 

*Multiple Response 
 

Cross ventilation as asserted by [30, 46] is capable of controlling 

the indoor air quality in order to provide a healthy and 

comfortable environment needed by hug to meet the metabolic 

requirements to dilute and remove pollutants emitted within a 

space. In addition feeding with less fatty feed during high 

temperature was adopted by 28.3% of the respondents. The 

performance of sows and gilts depend on nutritional 

adjustment such as decrease in fatty feed intake in hot weather 

in order to reduce the effect of heat stress and increase 

efficiency in lactating sows. [38]. 

The Table more so, indicates that 40% of the pig farmers used 

enough drinking and wallowing water in their piggery 

especially during prolonged temperature increase. Studies 

infer that pigs needed water to maintain optimal production 

levels, as water is the single largest constituent of the body, 

making up to 82% of a young pigs, 55% of market hog body 

weight and also a major component of secretions made by the 

pig in milk and saliva [36, 46]. Moreover, 91.7% of the 

respondents used heat – resistant animal to guide against 

menaces of climate change in their pig farms. The genetic 

selection of improving heat -tolerant pigs is one of the most 

promising long term options to overcome constraints from 

heat stress and sunburn [1, 12, 15, 54, 58]. Finally, planting of 

shades round the farm house was used by 50% of the farmers. 

Trees provide a cost – effective, long – term means of 

reducing odours, dust, and noises associated with operation. 

Furthermore, strategically planted trees help to reduce 

ammonia emission by physically capturing both the ammonia 

– laden dust particles and as well as clean air by capturing 

carbon dioxide, a green house gas, storing the carbon in the 

wood and releasing oxygen back into the air for animal use [21, 

29]. 

Based on the statistical and econometric criteria, Cobb 

Douglas production function was chosen as lead equation as 

shown in Table 3. The coefficient of determination (R2) was 

0.891, implying that 89.1% of the variation in the output of 

the pig farmers were accounted by the explanatory variable 

included in the model, while the remaining 11.9% were due to 

error term. The coefficient of rainfall was positively related to 

pig production and significant at 10% alpha level.  

 
Table 3: Multiple Regression Result of Effect of climatic variability on pig production. 

 

Variable Cob Douglas Exponential Linear Semi Log 

Constant 597.589 (11.496)*** 4.587 (16.882)*** 0.246 (2.393)** 616.072 (1.957)* 

Temperature 2.181 (4.336)*** 0.561 (4.714)*** 0.268 (1.971)* 54.513 (1.496) 

Rainfall 14.143 (1,887)* 4.714 (1.128) 0.021 (0.156)** 0.569 (0.022)* 

Relative Humidity 593 (6. 6346)*** 0.049 (3.268)* 0.021 (0.156)** 0.569 (0.022)* 

Sunshine 0.41 (0.291) 0.133 (2.145)** 0.121 (2.821)* 0.157 (3.007)*** 

Wind 1.051 (2.098)** 0.020 (2.502)*** 0.006 (1.338)* 9.507 (3.276)** 

Pressure 10.410 (5.078)*** 0.212 (3.359)*** 0.025 (5.063)*** 3.200 (3.624)*** 

Cloud 0.001 (0.002) 8.239 (1.095 0.146 (0.951) 20.211 (0.698) 

R2 0.841 0.801 0.779 0.830 

F – value 15.891*** 5.587*** 5.121*** 15.021*** 

*, **, and *** implies significant at 10%, 5% and 1% respectively 

Source: Field Survey, 2016 

 

The finding s of [28, 63] reported that warming and changes in 

rainfall distribution may lead to changes in spatial or temporal 

distributions of those diseases sensitive to moisture such as 

anthrax, blackleg, haemorrhagic, septicaemia,and vector-

borne diseases of livestock, pigs inclusive.  

As expected, the coefficient of temperature was positively 

signed and significant at 1% alpha level, implying that 

temperature affects pig production since it has no sweat gland 

which help in regulating of heat stress conditions unlike other 

livestock. Temperature rise above the optimal level for pig as 

reported by [15; 23, 49] could result in reduced efficiency of its 

production (through reduction in fertility, fitness, mortality 

and reduced longevity), product outputs and increased costs of 

production.  
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Table 4: Multiple Regression Result of Effect of climatic variability on pig production. 
 

Variables Cob Douglas Exponential Linear Semi Log 

Constant 597.589*** (11.496)*** 4.587*** (16.882)*** 0.246 (2.393)** 616.072*** (1.957)* 

Temperature 2.181 (4.336)*** 0.561 (4.714)*** 0.268 (1.971)* 54.513 (1.496) 

Rainfall 14.143 (1,887)* 4.714 (1.128) 0.021 (0.156) 0.569 (0.022)* 

Humidity 6.593 (6.346) 0.049 (3.268)* 0.008 (3.304)* 25.082 (2.082) 

Sunshine 0.41 (0.291) 0.133 (2.145 0.121 (2.821)* 0.157 (3.007)*** 

Wind 1.051(2.098)** 0.020 (2.502)*** 0.006 (1.338)* 9.507 (3.276)** 

Pressure 10.410 (5.078)*** 0.212 (3.359)*** 0.025 (5.063)*** 3.200 (3.624)*** 

Cloud cover 0.001 (0.002) 8.239 (1.095) 0.146 (0.951) 20.211 (0.698) 

R2 0.891 0.801 0.779 0.830 

F – value 15.891*** 5.587*** 5.121*** 15.021*** 

Source: Field Survey, 2016 

*, **, and *** implies significant at 10%, 5% and 1% respectively 

 

Surprisingly, the coefficient of wind was negative and 

significant at 5% probability level. The sign identify of the 

variable could be linked to the destruction of animals’ pens at 

extreme situations. This finding is not synonymous with [58], 

who reported that wind helps in ensuring proper ventilation of 

the animal pen to avoid odour and disease and pests building 

up.  

The coefficient of pressure had direct relationship with the 

dependent and significant at 10% probability level. Studies [38, 

46, 48] infer that pressure is beneficial in regulating circulatory 

system in pigs and also determines its heart beat rate. 

Table 4 shows that the choice of adaptation options insert into 

Multi Nominal Logit (MNL) model were cross ventilation, 

resistant roof material, adequate water for wallowing, less 

fatty food, drinking water, heat resistant breed, planting of 

shade trees and no adoption were ran. The likelihood ratio 

statistics are indicated by statistics π2 (182:31) and was highly 

significant, suggesting that the model has a strong explanatory 

power.  

 
Table 5: Multi Nominal Logit Model Result of Factors Influencing Farmers Choice of Adaptation 

 

Variable Cross Ventilation 
Resistant Roofing 

Material 

Water for 

Wallowing 

Less fatty 

Feed 

Drinking 

Water 

Resistant 

Breed 

Planting 

Shadetrees 

No 

Adaptation 

Age 
2.9962 

(1.2848) 

2.137622* 

(1.1167) 

2.4651** 

(0.9738) 

1.2647 

(0.8406) 

3.1132** 

(1.2364) 

22.6695 

(37.7794) 

0.6088** 

(0.7788) 

1.3362*** 

(0.9213) 

Education 
0.1691* 

(0.0914) 

0.1910906** 

(0.0890) 

0.1196 

(0.0755) 

0.0360 

.0.0727 

0.2491*** 

(0.0843) 

5.5897*** 

(3.4220) 

1.0620** 

(0.05860 
 

Farm size 
4.970192*** 

(1.7845) 

4.64486*** 

(1.6835) 

3.9060** 

(1.6586) 

2.7451* 

(1.6256) 

5.3243*** 

(1.6836) 

39..4085 

(72.1760) 

1.9718 

(1.4732)*** 
 

Extension 

Service 

0.1780341** 

(0.0848) 

0.3467 

(1.1110) 

0.6491*** 

(0.0261) 

0.0571 

(0.9319) 

0.5163 

(0.9502) 

46.6609 

(49.1402) 

103.2457** 

(62.6012) 
 

climate 

information 

311.3437*** 

(3.7115) 

188.0761*** 

(3.2061) 

2.8153 

(1.4732) 

1.5196 

(3.3668) 

4.3274** 

(2.2310) 

248.1665 

(5484.2530) 

1.0682 

(0.9671) 

 

 

Constant 

diagnostics 
-18.7954 -25.1960 -3.3879 -3.6407 -9.0988 210.0384 2.3146  

Base category  

Number of observations 120 

LR chi-square (50) 182.31*** 

Log Likelihood 

R2 

-160.79297 

0.3565 

Source: Field Survey, 2016. 

 

The coefficient of age of the household had a positive and 

significant impact on the choice of adaptation strategies to 

climate change. This implies that as the farmer gets aging, the 

probability of adopting adaptation to climate change in pig 

production using resistant roofing material, water for 

wallowing and water for drinking. The finding of [35] was in 

line with this assertion. Coefficient of the educational level of 

the sampled household head had a positive and significant 

effect on the use of adaptation strategies such as use of 

resistant heat breed, use of fatty feeds, resistant roofing 

materials and cross ventilation in overcoming climate change 

effect in his/her pig production. Educated people are usually 

prudent in resource use, expose to information to climate 

change as related to the different adaptation strategies [5, 60, 61]. 

Access to extension services had a significant effect in 

adapting to climate change through use of heat resistant breed, 

planting of shade trees, cross ventilation and use of water in 

wallowing trough. The coefficient of access to extension 

service was positively signed, which implies that farmers who 

had access to extension services have more access to 

information as regards to climate change adaptation strategies 

compared to farmers without access. 

The coefficient of access to climatic information was positive 

and had significant effect on adaptation strategies to climate 
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change. This implies that the more farmers are well abreast 

with information on climate change, the more likelihood of 

using adaption measures such as use of cross ventilation in the 

pig house, use of heat – tolerant pig breeds, use of fatty feeds, 

and resistant roofing material. Availability of better climate 

and agricultural information according to [40, 61, 66] help farmers 

make comparative decisions among alternative animal 

management practices and this allows them to make better 

choice of strategies that make them cope well with changes in 

climatic conditions 

Table 4 shows that 55% of the respondents reported poor 

access to credit as a challenge towards adaptation to climate 

change strategies.  

 
Table 6: Distribution of Respondents According to Factors Limiting 

Farmers’ Adaptation Strategies 
 

Poor Access to credit 80 55 

Lack of improved Agricultural technology 38 18.3 

High cost of labour 68 25 

Poor access to information 78 53.3 

Poor access to improved pig breed 66 31.7 

Poor government involvement 24 5 

Poor access to extension services 45 20 

Source: Field Survey, 2016 

 

The poor access to credit by the farmers could be associated 

with high interest rate as charged by the lending agencies, 

short period of payment and collateral [72]. According to [52] 

lack of fund/credit is the bane to pig industry development in 

most developing countries. Also, 53% of the pig farmers 

encountered poor access to information problem as a 

challenge to adaptation strategies to climate change. 

Inadequate information about climate change limits the extent 

to which the local farmers adapts to the changes in the 

climatic variables. For instance farmers’ access to timely 

weather information helps them in their production decision 

making and selection of adaptation options [46, 47, 48]. 

Furthermore, 31.7% of the respondents reported that poor 

access to improved pig breeds was as constraint to adaptation 

to climate change. It is important to state that most of 

improved and high prolific pig breeds in most developing 

countries have poor adaptability to extreme high temperature 

that is often associated with the tropics. The local breeds that 

are heat resistant breeds are characterized by low and poor 

lettering ability [10, 27]. Moreso, 20% of the respondents 

encountered the problem of poor access to extension services. 

Extension services help to increase farmers awareness of 

changing climatic conditions and their knowledge of 

appropriate adaptation measures [9, 60, 64].  

Again, 18.3% of the respondents reported poor access to 

improved agricultural technologies as a limiting factor to 

adopting climate change adaptation strategies. This is in line 

with [76] which noted that farmers that have access to 

electricity, and technology such as automated feeders and 

drinkers, water splashing system etc are more likely to adapt 

to changes in climatic conditions.  

 

Conclusion and Recommendation 

Based on the study, the following conclusions were deduced; 

The result on climate change adaptation strategies among pig 

farmers shows that males dominated in pig production, 

farmers of age range of 42 – 63 years dominated the study and 

the farmers had moderate level of education. Also, the use of 

heat resistant breeds, heat resistant, roofing materials, and use 

of cross ventilation were most predominant adaptation 

strategies by the respondents in order to reduce the negative 

impact of climate change in the study area.  

Furthermore, the factors affecting households’ choice of 

climate change adaptation strategies were age of the 

household head, farm size, educational level, access to 

extension services and access to climatic information. In 

addition, farmers were faced with the challenges of poor 

access to credit inadequate information, inadequate access to 

technology, poor access to extension services and poor access 

to pig heat – resistant breeds in adopting of the adaptation 

strategies to climate change.  

Based on the findings, the following recommendations were 

proffered;  

1. Ensure credit access to farmers through micro credit 

institutions and other financial institutions. This entails 

that farmers should form themselves into groups such as 

co-operative society to enable them strengthen their 

bargaining ability, especially during credit negotiation.. 

2. Extension agents should be adequately motivated and 

equipped with climate change information in order to aid 

farmers in abating the negative effect of climate change 

through information dissemination and technical 

assistance.  

3. There is need for policies aimed at enhancing farmers’ 

level of adaptation through support of department of 

meteorological services by reporting and alerting 

households about weather challenges in advance, so that 

they can be able to plan for the future when farming. 

4. There is need in enhancing farmers’ access to farm inputs 

such as improved breeds of piglets and other piggery 

equipment at subsidized prices by appropriate 

government and non - governmental organization (NGO) 

in order to boost farmers’ adoptability to climate change 

adaptation strategies.  

5. There is need to enhance farmers’ access to educational 

programme (adult education, seminars and workshops) as 

this is capable of increasing their adoptability and in 

decision making on the best adaption options based on 

their resources and information available to them  

 

References 

1. Adams RM, Rosenweig C, Peart RM, Ritchie JT, McCarl 

BA, Glyer JD, Curry RB, Jones JW, Boote KJ, Allen LH 

Jr. Global Climate Change and US Agriculture. Nature. 

2008; 345:219-224. 

2. Adeschinwa AOK, Ogunmodede BK. Swine feeds and 

practical feed composition techniques. In: National Pig 

Production Training Manual. NAERLS/ABU, 1995, 27-

56. 

3. Adeshinwa AOK, Makinde GEO, Oladele IO. 

Demographic Characteristics of Pig Farmers as 

Determinant of Pig Feeding Pattern in Oyo State, Nigeria. 

Proceeding 8th Annual Conference of Animal Science 

Association (ASAN), 2003; September 16-18 in FUTO. 

4. Agada ES. Economics of Swine Production: A Study of 



International Journal of Academic Research and Development 

 

866 

Two Local Government Area in Kaduna State. B.Sc. 

Project Unpublished. Department of Agricultural 

Economics and Farm Management, University of Ilorin, 

Kwara State, Nigeria, 1999. 

5. Ajala MK, Adesehinwa AOK, Mohammed AK. 

Characteristics of Small Holder Pig Production in 

Southern Kaduna Area of Kaduna State, Nigeria. 

American-Eurasian Journal of Agricultural and 

Environmental Science. 2007; 2(2):182-188. 

6. Anyadike RNC. Climate change and sustainable 

Development in Nigeria; conceptual and empirical issues. 

Enugu forum policy paper 10. African Institute for 

Applied Economics, Nigeria, 2009. 

7. Ayoyi JO. Climate Change and Agriculture in Nigeria. 

Kano Journal of Arts and Social Science, KAJASS, 

Kumbotso, Nigeria. 2000; 3:62-68.  

8. Baker B, Viglizzo JF Rangelands, livestock. Chapter 9 in: 

Feeristra JF, Burton I, Smith JB, Tol RSJ. (eds) 

Handbook of methods for climate change impact 

assessment and adaptation strategies, 1998. 

9. Bello NJ. Impact of Change on Food Security in the Sub-

Saharan Africa. Proceedings of the 14th Annual 

Symposium of International Association of Research 

Scholars and Fellows, IITA, Ibadan. IVM/UNEP Version 

2.0 http://130.37.129.100/ivm/pdf/handbook range. Paf, 

2010. 

10. Black JL. Swine production-past, present and future. In 

30 viii Reuniao. Annual da SBZ vicosa-MG de Julho, 

2000. 

11. Eboh E. Implications of climate change for Economic 

growth and sustainable Development in Nigeria. Enugu 

forum policy paper 10. African Institute for applied 

economics. Nigeria, 2009. 

12. Baker JE. Effective environmental temperature. J Swine 

Health Prod. 2004; 12(3):140-143. 

13. Beauchemin KA, McAllister ASM, McGinn T. Dietary 

mitigation of enteric methane from cattle. CAB reviews: 

perspectives in agriculture, veterinary science Nutr. Nat. 

Resour. 2009; 4(35):1-8. 

14. Bellarby J. Tirado J, Leip R. Weiss F, Lesschen A, Smith 

JP. Livestock greenhouse gas emissions and mitigation 

potential in Europe Glob. Change Biol. 2013; 19:19:3-18. 

15. Berman AJ. Estimates of heat stress relief needs for 

Holstein pig J. Anim. Sci. 2005; 83:1377-1384.  

16. Bernabucci U, Lacetera B, Ronchi A, Nardone M. 

Markers of oxidative status in plasma and erythrocytes of 

transition dairy cows during hot season J. Dairy Sci. 

2002; 85:2173-2179. 

17. Bloemhof S, Mathur PK, Knol EF, van der Waaij EH. 

Effect of daily temperature on farrowing rate and total 

born in dam line sows. J. Anim. Sci. 2013; 91:2667-2679. 

18. Boadi D, Benchaar C, Chiquette J, Massé D. Mitigation 

strategies to reduce enteric methane emissions from dairy 

cows: update review Can. J. Anim. Sci. 2004; 84:319-

335. 

19. Bradshain JF, Burton I, Smith JB. Measures of farm asset 

& Inventory in tropical countries. Department of 

Agricultural Economics and Farm Management, 

University of Ilorin, Kwara State, Nigeria, 2004. 

20. Casey KDJR, Bicudo R, Schmidt DR, Singh SW, Gay 

RS, Gates LD, Jacobson SJ. (Air quality and emissions 

from livestock and poultry production/waste management 

systems; Animal Sc. 2008; 23(6):23-28. 

21. Chapman SC, Chakraborty S, Dreccer MF, Howden SM. 

Plant adaptation to climate change: opportunities and 

priorities in breeding Crop Pasture Sci. 2012; 63:251-268. 

22. Chase LE. Climate change impacts on dairy cattle. 

Climate change and agriculture: Promoting practical and 

profitable 

responses.<http://www.climateandfarming.org/pdfs/FactS

heets/III.3Cattle.pdf> (accessed 2012; 12.02.13). 

23. Chhabra A, Manjunath KR, Panigrahy S, Parihar JS. 

Greenhouse gas emissions from Indian livestock Climatic 

Change. 2013; 117:329-344. 

24. Eckert JB, Baker BB, Hanson JD. The impact of global 

warming on local incomes from range livestock systems. 

Agricultural systems. 1995; 48:87-100. 

25. Ewuziem JE, Nwosu AC, Amaechi ECI, Anyaegbu PO. 

Piggery Waste Management and Profitability of Pig 

Farming in Imo State, Nigeria. Nigeria Agric. Journal. 

2009; 40(1):29-36. 

26. Ewuziem JE, Onyenobi VO, Dionkwe. Technical 

Efficiency of Pig Farmers in Imo State, Nigeria. A Trans 

Log Stochastic Frontier Production Approach. Nigeria 

Agric. Journal. 2009; 4(1):137-143. 

27. Falusi AO, Adeleye IOA. Agricultural science for senior 

secondary schools, 1999. 

28. FAO. Enabling Agriculture to Contribute Climate Change 

Mutigation, 2009. 

29. FAO. Adaptation to Climate Change in Agriculture, 

Forestry, and Fisheries Perspective Flam Work and 

Priorities, 2007. 

30. FAO. Report On Exalution of The FAO Emergency And 

Rehabilitation Assistance In Greater Horn Of Africa, 

2007. 

31. FAO. Climate-Related Transboundary Pests and Diseases 

including relevant aquatic species Expact Meeting, 2005-

2008. 

32. FAO. Enabling Agriculture to Climate Change: 

Mitigation. FAO: Rome, 2009. 

33. Francesco HY. Adaptation options in Agriculture to 

climate change: A typology, mitigation and Adaptation 

Strategies for Global Change. African Journal of 

Agriculture and Resource Economic. 2008; 3(5):78-82. 

34. Gad J. Water the facts and the myths. West Hog. J. 10:25 

Gekara O, Garner JO. Dunbar TV. Evaluating production 

techniques to improve efficiency and profitability of hog 

farms in South East Arkansas. University of Arkansas, 

2008:152. 

35. Georgy W. University of Delaware Planting trees as a 

visual screen, vegetative filter and wind break around pig 

farms; 5m publishing Bench mark House, 2012. 

36. Gerber PJ, Steinfeld HB, Henderson Mottet AC, Opio J 

Dijkman, A. Falcucci, G. Tempio, G. Tackling Climate 

Change Through Livestock: A Global Assessment of 

Emissions and Mitigation Opportunities FAO, Rome, 

2013. 

37. Hatfield JL. The effects of climate change on livestock 

production. USDA’s Agricultural Service (ARS), 2008, 

251-257. 



International Journal of Academic Research and Development 

 

867 

38. Holness DH. Pigs for Profit. London: Macmillan 

Education Ltd, 2007, Pp. 36-42. 

39. IFAD. (DRAFT) Comprehensive Report On IFADS 

Response To Climate Change Through Support To 

Adaptation And Related Action, 2009. 

40. IFAD. The Gash Barka Agricultural and Livestock 

Programme.http://opeations.ifad.org/web/ifad/opeations/c

ountry/project/eritreal/1097/project%20overview19, 

2002. 

41. Jason K. Increasing bio-security awareness at farm level. 

Pig progress, 21(7):6-9. (Book 2). Ibadan; Onibonoje 

Press and Book Industries Nigeria Ltd. Capacity Building 

Training Workshop on Pig Production Amerce, Funaab 

May, 2012. 

42. John G. Modern pig production technology. Nottingham: 

Nottingham University of Press, 2011, 137-139. 

43. John RM. Swine production: A global perspective. 

U.S.A: Alltech Inc, 2007. 

44. Johnson JS, Sanz Fernandez MV, Patience JF, Ross JW, 

Gabler NK, Lucy MC, Safranski TJ, Rhoads RP, 

Baumgard LH. Effects of in utero heat stress on postnatal 

body composition in pigs: II. Finishing pigs. J. Anim. Sci. 

2015; 23:56-67. 

45. Intergovernmental Panel on Climate Change (IPCC). 

Impacts, Adaptation and Vulnerability, Intergovernmental 

Panel on Climate Change; Cambridge University Press: 

Cambridge, UK, 2001. (Google Scholar), 2001. 

46. Intergovernmental Panel on Climate Change (Ipcc) 

(2007) Fourth Assessment. Report FAOFebuary, 2007. 

47. Magombo T, Kantlini G, Phiri G, Kachulu M, Kabili H. 

Incidence of Indigenous and Innovative Climate Change 

Adaptation Practices for Small holder Farmers 

Livelihoods Security in Chikhwawa District, Malawi. 

African Technology Policy Study Network, Research 

Paper, 2001, 14. 

48. Myer R, Bucklin R. Influence of Hot-Humid 

Environment on Growth Performance and Reproduction 

of Swine. Pub. AN107 UF/IFAS Extension. 2001; 

(Accessed 29 October 2015).  

49. Monica CL. The Economics of technologies in Swedish 

pig production. A published doctoral Thesis presented to 

the Department of Economics, Swedish University of 

Agricultural Sciences, Uppsala. National Agricultural 

Extension and Research Liaison Services, Ahmadu Bello 

University, 2003. 

50. Nhemachena C, Hassan R. Micro-level Analysis of 

Farmer’s Adaptation to Climate Change in Southern 

Africa. Available online: 

htt://www.phon.ucl.ac.uk/course/spsci/audper/SDT%20li

ndsay%20&%20Norman%20App%208.Pdf, 2007, 

(Accessed on 4 August, 2015). 

51. Nigerian Environmental Study Team (NEST). Regional 

Climate modeling and climate scenarios Development in 

support of vulnerability and adaptation studies: Outcome 

of Regional Climate modeling Efforts over Nigeria, 

NEST, Ibadan Nigeria, 2004, Pp. 12-20. 

52. NPC. National Population Commission. Sample Survey: 

Abuja, Nigeria, 2007. 

53. Nordin A. wallows and wallon utilization of the Sumatran 

rhinoceros (Dicerorwirus sumatrensis) in a natural 

enclosure in Surgai Dusuu Wildlife Reserve, Selong or 

Malaysia Journal of Wildlife and Parks. 2001; 19:7-12. 

54. Osaro OM. Enhancing production performance of small 

holder pig farmers. Pig Production Workshop Training 

Manual. NAERLS, A.B.U, Zaria, Nigeria, 1995, pp. 100-

130. Onitsha: African-First Publishers Ltd. 

55. Oguniyi LT, Omoteso OA. Economic Analysis of Swine 

Production in Nigeria: A Case Study of Ibadan Zone of 

Oyo State. Journal of Human Ecology. 2011; 35(2):137-

142. 

56. Okolo CI. Tropical Tips on Intensive Pig Production: 

Animal Management and Health Issues. Technical Notes: 

Tapas Institute of Scientific Research and Development, 

2006, 4p. 

57. Ozor N, Madukwe MC, Enete AA, Amaechina EC, 

Omokala P, Eboh EC, Ujah O, Garforth CJ. Journal of 

Agricultural Extension. 2010; 14(1):114-124. 

58. Ozor N, Cynthia D. Climate change and the uncertainties 

facing farming communities in the middle belt region of 

West Africa. Paper presented at the 7th International 

Science Conference on the Human dimensions of global 

Environmental change (IHDP Open meeting 2009) held 

at the United Nations University, Bonn, Germany 

between 26 April and 1st may, 2010, 25p. 

59. Ozor N. Understanding climate change. Implications for 

Nigerian Agriculture, policy and Extension. Paper 

presented at the National conference on climate change 

and the Nigeria Environment. Organized by the 

Department of geography, university of Nigeria, Nsukka, 

29 June-2nd July, 2009, 24p. 

60. Peter E, Owen M, Sheona G. Stockmanship and team 

work in pig production industry. Pig progress. 2004; 

17(10):22-24. 

61. Piot-Lepetit, Le Moing M, Ulve M. An evaluation of 

productive and environmental performance of pig farming 

systems in France. INRA-ESR France. 2006. Retrieved 

July 10, 2008 from http/www.mido.filindex. 

62. Reynolds C, Crompton L. Mills J Livestock and climate 

change impacts in the developing worldOutlook Agric. 

2010; 39:245-248. 

63. Serres H. Manual of pig production in the tropics. 

Walling Ford, UK: CAB International Publishing Ltd, 

2009, 23p. 

64. Scott K, Edwards S. Environmental Enrichment for pigs. 

Pig Progress. 2005; 21(7):27-28. 

65. Rice JM, Caldwell DF, Humenik EF. Animal Agriculture 

and the Environment: National Center for Manure and 

Waste Management White Papers, American Society of 

Agricultural and Biological Engineers, St. Joseph, Mich, 

2006, p. 40. 

66. Sidahmed A. Livestock and Climate Change: Coping and 

Risk Management Strategies for a Sustainable Future. In 

Livestock and Global Climate Change Conference 

Proceeding, May 2008, Tunisia. 

67. Stahly TS, Cromwell GL. Effect of environmental 

temperature and dietary fat supplementation on the 

performance and carcass characteristics of growing and 

finishing swine. J. Anim. Sci. 1979; 49:1478-1488.  

68. Stahly TS, Cromwell GL, Overfield GL. Interactive 

effects of season of year and dietary fat supplemen tation, 



International Journal of Academic Research and Development 

 

868 

lysine source and lysine level on performance of swine. J. 

Anim. Sci. 2011; 53:1269-1277. 

69. Stem E, Mertz GA, Stryker JD, Huppi M. Changing 

animal disease patterns induced by the greenhouse 

effects. In J. Smith and D.A Tirpack (eds): The potential 

effects of global climate change on the United States. 

Appendix C- Agriculture, Volume 2. US Environmental 

Protection Agency, Washington DC. 1989, pp. 11-1, 11-

38. 

70. Thornton PK, Herrero M. The Inter-linkages between 

rapid growth in livestock production, climate change, and 

the impacts on water resources, land use, and 

deforestation. World Bank Policy Research Working 

Paper, 2010, WPS, 5178. World Bank, Washington. 

71. Thornton PK, Herrero M, Freeman A, Mwai O, Rege E, 

Jones P, McDermott J. Vulnerability, climate change and 

livestock: Research opportunities and challenges for 

poverty alleviation. International Livestock Research 

Institute (ILRI), Kenya, 2008, Pp. 34-45. 

72. Thornton PK, Van de Steeg J, Notenbaert A, Herrrero M. 

The impacts of climate change on livestock and livestock 

systems in developing countries: A review of what we 

know and what we need to know Agric. Syst. 2009; 

101:113-127. 

73. Topp CFE, Doyle CJ. Simulating the impacts of global 

warming on milk and forage production in Scotland. 1. 

The effect on dry matter yield of grass and grass- white 

clover stands. Agricultural Systems. 1996; 52:213-242. 

74. Valtorta SE, Leva PE, Gallardo MR, Scarpati OE. Milk 

production responses during heat waves events in 

Argentina. 15th conference on Biometeorology and 

Aerobiology-16th International Congress on 

Biometerology. Kanas City, MD. American Metrological 

Society, Boston, 2012, pp. 98-101. 

75. Ume SI, Eluwa AN, Okoro GO, Silo BJ. Adoption of 

improved crop production technology by Agricultural 

Development Programme (ADP) contact farmers in 

Anambra state, Nigeria: a Training and Visit (T&V) 

System Approach. International journal of innovations in 

Agricultural Science Available online at 

www.jpsscientificpublications.com, 2017; 1(2):72-82. 

76. William WS. Pork production. New York: The 

Macmillan Company, 1995. 

77. Wilmot VT. The concept of productivity. In The 

Encyclopedia Americana. 1996; 28:4246. 

78. World Bank. Climate Change Adaptation in Africa: A 

Microeconomic Analysis of Livestock Choice. World 

Bank Policy Research Working Paper No. 4277, 2007.  


