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Cattle productivity has been minimized by the occurrence of diseases such as blackleg. This study was 
conducted to determine and document how resource-challenged farmers of Umzingwane district of 
Zimbabwe use alternative remedies to manage cattle blackleg cases. Random sampling was used to 
select 90 beef cattle farmers who were interviewed using a structured questionnaire. Results of the 
study revealed that cattle owners (86%) reported blackleg disease to be the most important disease 
followed by ehrlichiosis (23%) and lumpy skin disease (5%). Almost 71% of the respondents reported 
having experienced cases of blackleg in their herd in the past three years. Few farmers (22%) used 
conventional vaccines, whereas the majority (78%) used alternative remedies to manage the disease, 
which included; hot water (80%), hot iron (78%), Potassium permanganate (10%), Ihlwili (60%), Ricinis 
communis (5%), Pterocarpus angolensis (7%), Sclerocarya birrea (8%), Diospyros mespiliformis (3%), 
Gardenia spatulifolia (2%). Some of these remedies (P. angolensis, S. birrea, D. mespiliforms, G. 
spatulifolia) were believed to prevent the occurrence of the diseases, while hot water and hot iron were 
used for treatment of infected animals. The study revealed that most resource-challenged farmers in 
Umzingwane district of Zimbabwe used alternative remedies to manage blackleg infections in cattle. 
 
Key words: Alternative remedies, blackleg, cattle, Clostridium chauvoei 

 
 

INTRODUCTION 
 

In Zimbabwe, cattle play an important role in the livestock 
industry through provision of meat, milk, manure and raw 
materials for the processing industries (Neumann et al., 

2002). Despite its importance, cattle production is failing 
the local beef market demand (Chawatama et al., 2005). 
The demand for beef is on the rise throughout  the  world, 
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especially in developing countries due to increased 
human population and growth in income. To meet this 
demand, there is need to improve the productivity of 
cattle, which is relatively low at the moment (Neumann et 
al., 2002). Regardless of other positive attributes, the 
productivity of cattle in many tropical countries is low and 
has been related to diseases, nutrition, genotype and 
management (Neumann et al., 2002). Diseases such as 
blackleg and tick-borne are the most endemic in 
Zimbabwe (Chatikobo et al., 2013). Blackleg (Black 
quarter, Quarter evil) is a disease affecting cattle and 
other ruminants and it is caused by the bacteria 
Clostridium chauvoei. Infective spores of C. chauvoei 
were ingested during grazing lodge in the gastrointestinal 
tract, livers and spleens of healthy cattle and remain 
latent until their germination is triggered by punctured 
wounds or injury to muscles (Useh et al., 2010). During 
the multiplication of C. chauvoei in the anaerobic 
environment they produce lethal toxin which contains 
hyaluronidases, deoxyribonucleases and oxygen labile 
hemolysins (Moussa, 1958). The toxins affect the 
muscles, cause congestion, haemorrhagic and 
degenerative lesions in the liver and kidneys. In addition, 
the toxins cause the destruction of leucocytes and 
platelets (Useh et al., 2003). 

According to Scoones (1992), cattle production by 
resource-challenged farmers is associated with sub-
optimal management of diseases and parasites. This is 
attributed to a low income base to purchase drugs and 
vaccines. In addition, resource-challenged farmers have 
limited knowledge on the use and handling of drugs and 
vaccines. Ideally cattle diseases are controlled using 
commercial remedies; however, these are expensive, out 
of reach for resource-challenged farmers because of 
distance and the unwanted residual effects of drugs in 
meat (Ndhlovu and Masika, 2013).  

In addition, inefficient veterinary service delivery 
systems due to inadequate staffing, force farmers to 
resort to the use of alternative remedies and approaches 
in the management of cattle diseases such as blackleg. 
There is therefore a need to determine, document and 
validate the alternative remedies that resource-
challenged farmers use to manage blackleg within their 
cattle herds. Alternative remedies are reportedly cheap, 
locally available and culturally acceptable in communities 
(Lans et al., 2008).  

However, there is little, if any documentation of the 

different alternative remedies that resource-challenged 
farmers use to manage blackleg in the Matabeleland 
South Province of Zimbabwe. Hence the objective of this 

study was to determine and document the various 
alternative remedies that resource-challenged farmers 
use to control and manage blackleg in their cattle herds. 

 
 
 
 
MATERIALS AND METHODS 
 
Study site 
 
A baseline  questionnaire  survey  was   conducted  in  two  villages 
Nswazi (20° 49̍46.67̋ S and 28° 57̍46.22̋ E; Elevation 926 m above 
sea level) and Dula (20° 37̍ 26.99̋ S and 28° 48̍ 52.28̋ E; Elevation 
1196 m) in Umzingwane district which is in Matabeleland South 
Province of Zimbabwe. This area is characterised by rainfall which 
is received during spring to summer (November to March) (300 to 
500 mm/annum). The average summer minimum temperatures 
range from 19 to 23°C and the maximum range is 28 to 31°C. In 
winter, the average minimum temperature is 7°C while the 
maximum temperature is 21°C. 

 
 
Sampling procedure 

 
Stratified random sampling technique was used to select 90 
households that were to be interviewed. The households were 
chosen by the researcher with the help of the local extension 
officers. Umzingwane district was stratified into wards and villages 
from which whence households were randomly selected. Two 
wards (ward 7 and ward 12) were selected at random and from 
each of these wards, four villages, Sibambene, Thandabantu, Dula 
and Mazhowe were subsequently selected randomly. The four 
chosen villages had significant number of households rearing cattle. 
Inclusion of farmers (both male and female) in the survey was on 
condition that they owned cattle. 

 
 
Data collection 

 
A total of 90 structured questionnaires were administered to 90 
randomly selected cattle owners from the four villages during the 
month of August 2012. Informal and formal interviews were 
conducted with 28 and 26 farmers in Nswazi and Dula area 
respectively, and four key informants from each village were also 
interviewed. The key informants were; the village head, councilors 
and two herbalists. The data collected from cattle farmers included; 
household demography, livestock inventory, role of cattle, 
occurrence of blackleg, perceived challenges caused by blackleg 
and blackleg disease management practices. Further data on 
blackleg disease management practices included the types, 
preparations and applications of remedies used to treat and prevent 
the occurrence of blackleg disease in cattle. 

 
 
Statistical analysis 

 
The collected data were analysed using the Statistical Package for 
the Social Sciences (SPSS, 2010). Descriptive statistics and cross 
tabulation were computed. 
 
 
RESULTS 
 
Household demographics 
 
Many  households  heads  (69.3%; n=90)  were  over   56
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years of age while 17.3 and 9.6% were in the age range 
of 46 to 55 and 35 to 45 years, respectively. The majority 
of households were male headed (63.4%; n=90). 
Although the majority (74.8%) of the household heads 
were not employed, they were literate. Their education 
background ranged from primary, Zimbabwe junior 
certificate to ordinary level. The daily management of 
cattle was performed mainly by boys (62%) followed by 
fathers (20%). A few households had mothers (2%) and 
girls (16%) managing cattle. Households owned an 
average of 8 cattle (±3 S.E.M). In addition to cattle, 
farmers owned chickens (87%), goats (30%). The 
majority of farmers (86%) reported blackleg to be the 
most important disease followed by ehrlichiosis (23%) 
and lumpy skin disease (5%). Almost 71% of the 
respondents reported having experienced cases of 
blackleg disease in their herd in the past three years. 
Blackleg disease was perceived to be an important 
contributor to cattle mortality (52.2%) in the last three 
years. The mortality due to blackleg disease ranges from 
0.4 to 12.5%. About 96.1% of the respondents in the 
study area reported that blackleg disease was prevalent 
during summer while 3.9% reported blackleg cases in 
winter. The majority of the respondents (72.5%) 
acknowledged that blackleg disease frequently affected 
cattle that are 1 to 3½ years age range. About 23.5% of 
the respondents reported that blackleg disease affected 
cattle that were older than five years. The community had 
various ways of disposing dead carcasses. Almost 66% 
of the respondents cut the affected portion and fed it to 
dogs while the rest of the carcass was used for human 
consumption. The rest of the respondents disposed 
carcasses by burning (23.7%) and burying (8.2%). 

Farmers got information on how to manage blackleg 
disease from different sources. The majority got the 
knowledge from elders (62%), neighbours (11.8%), 
extension officers (4.5%) and friends (3.9%). A range of 
alternative remedies and approaches were used to 
manage blackleg disease. These included conventional 
vaccines (22%) and alternative remedies (78%). Tables 1 
and 2 shows the alternative remedies and management 
approaches used by the respondents to manage black 
leg disease. The majority of farmers (80%) claimed that 
hot water was the mostly used remedy in managing black 
leg disease. Some remedies; Pterocarpus angolensis, 
Sclerocarya birrea, Diospyros mespiliforms, Gardenia 
spatulifolia and “ihlwili” were believed to prevent the 
occurrence of the disease. Respondents using traditional 
remedies administered these by drenching animals with 
an infusion of the plant powder and water prepared to 
volumes of 300, 500 and 750 ml (Table 3). 
 
 

Methods used to prevent blackleg disease put it at the 

right place 
 

Farmers got information on how to manage blackleg 
disease from different sources. The majority got the 
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knowledge from elders (62%), neighbours (11.8%), 
extension officers (4.5%) and friends (3.9%). The 
respondents varied in the methods and frequency of use 
of the commercial and alternative remedies. Of the 
farmers using the conventional blackleg vaccine, 92.3% 
annually vaccinated their cattle while 7.7% of the 
respondents had no regular vaccination programme, they 
only vaccinated when there was an outbreak. All the 
traditional remedies which the respondents used had no 

clear program that was followed. 
All the farmers who used blackleg vaccine reported that 

the dosage was 2 ml per animal as prescribed in the 
bottle. Also they reported that they first communicated 
with the veterinary officer before buying the vaccine so 
that the officer would keep the vaccine in their office 
refrigerator until use. 

 
 
DISCUSSION 

 
The study revealed that blackleg disease was the most 
important disease affecting cattle and it was more 
prevalent in summer which was in agreement with reports 
by Useh et al. (2010) who found positive correlation 
between heavy rainfall and outbreaks of blackleg 
disease in Nigeria. High rainfall may give rise to water-
saturated soils and anaerobiosis in the soil, which favours 
the multiplication of C. chauvei. The soil becomes the 
source of infection and cattle will ingest C. chauvei 
together with grass (Useh, 2002). Useh et al. (2006) 
affirmed that high rainfall assisted in the dissemination of 
spores to a wider area. The control of blackleg in the 
study area was complicated by the way the farmers 
dispose the cattle carcasses suspected to have died of 
blackleg. Skinning and throwing away the affected 
muscles, exposes and spreads the C. chauvoei spores. 
This serves as a source of infection to other supposedly 
healthy herds (Useh et al., 2006). As such farmers need 
to be trained on proper carcass disposal methods such 
as burning of the carcasses. 

In this study, there were few farmers who used 
conventional vaccines. This was attributed to inadequate 
veterinary skills and lack of money to buy the vaccine by 
the farmers. The finding in this study was in agreement 
with Useh et al. (2010) who reported that ineffective 
vaccination policy and lack of adequate facilities to 
maintain the cold chain for vaccine storage limits blackleg 
disease control. Conventional vaccines and services are 
expensive and they require veterinary technology in the 
storage and administration of the vaccine (Sori et al., 
2004; Harun-or-Rashid et al., 2010). Most respondents 
were resource-challenged farmers and unemployed and 
they could not afford to purchase conventional vaccines, 
a finding which is supported by Useh et al. (2006). In 
addition, farmers had inadequate resources to purchase 
syringes and needles and as a result they depend on 
equipment from the Department of Veterinary Services.  
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Table 1. Alternative remedies and approaches (non plant material) used by Umzingwane farmers to manage blackleg disease in cattle. 
 

Name of the alternative  remedy Farmers using alternative remedies (%) Part used Preparation method Administration route 

Hot water 80  It is sprinkled on the affected part of the animal Topical 

Hot iron 78 Hot surface Heat the metal or iron to cherry then apply on the affected part for 5 s. Topical 

Potassium permanganate 10  1 g is mixed with 5 L of water. Cattle are drenched with 750 ml in cases of outbreak. Drenching 

 
 
 
Table 2. Alternative remedies and approaches (plant materials) used by Umzingwane farmers to manage blackleg disease in cattle. 
 

Scientific name Common name Ndebele name 
Farmers using 
alternative remedies (%) 

Part of the 
plant used 

Preparation method Administration route 

Pterocarpus 

angolensis 
Mukwa uMvagazi 

7 log 
It is horizontally laid at the foot of kraal for the 
animals to jump over it daily. 

Crossing over the log 

8 Bark 

The bark is chopped, soaked in cold water for 6 h or 
when water has changed reddish colour. Mainly 
drenched twice annual. 750 ml are drenched per 
animal. 

Drenching 

Ricinus communis Castor oil plant Mhlafutho 5 leaves 
They are ground on the wound that susceptible to 
blackleg disease. 

Topical 

Diospyros 
mespiliformis 

Jackal berry uMdlawuzo 3 log 
Put together with Gardenia spatulifolia at the foot of 
the kraal for animal to jump over them daily. 

Crossing over the log 

Gardenia 
spatulifolia 

Bushveld 

gardenia 
uMvalasangwana 6 log 

It is horizontally laid at the foot of kraal for the 
animals to jump over it daily. 

Crossing over the log 

  iHlwili 60 bulb 

Chop the bulb, soak in cold water or hot for 6 h or 
water has turned reddish in colour. Drench with 750 
ml when suspected to be ill. Sometimes it can be 
drenched prophylactic. 

Drenching 

 
 
 
In this study, farmers had an average of 8 cattle 
per household, while the vaccine vials had 50 
doses which was large compared to the small 
herds reared by the household. As such farmers 
had to first mobilise themselves so that the 
numbers of cattle reached close to 50. However, 
farmers expressed some challenges in mobilising 
themselves. As a result some farmers discarded 
the unused doses, and this was a waste of the 
resources which is unacceptable to financially 
challenged  farmers.  Furthermore,   the   farmers’ 

challenge was compounded by the fact that 
veterinary livestock technicians   cover   huge   
areas  without  mobility  which made it difficult for 
the farmers to access their services. Some of the 
farmers travelled more than 20 km to get the 
services from the Department of Veterinary 
Services. This contributed to low vaccine usage. 
Another factor that contributed to low usage of the 
vaccine is lack of refrigerators and electricity 
supply to maintain the cold chain while farmers 
were  mobilising  themselves.  Most  of   the   rural 

homes were not electrified making it difficult for 
farmers to have cold mediums such as cold rooms 
or refrigerators. 

Farmers perceived that the Department of 
Veterinary Services was indifferent to the 
utilisation of alternative remedies; this could be 
ascribed to the fact that the veterinary officers 
were not trained in the use of these alternative 
remedies during their academic training at 
colleges and universities. As such they were not 
keen to promote the  use  of  alternative  remedies  



 
 
 
 
Table 3. Dosage of the alternative remedies used by Umzingwane 
farmers. 
 

Traditional herb Dosage (ml) 

Ihlwili 750 

Gardenia spatulifolia 750 

Diospyro smespiliformis 500 

Sclerocarya birrea 300 

Pterocarpus angolensis 750 

Ricinus communis 300 
 
 
 

which they were not knowledgeable about (Mwale and 
Masika, 2009).Majority of farmers  were  reported  to  be  
using alternative remedies, a finding consistent with 
Fullas (2010) and Yirga et al. (2012) which could be 
ascribed to local availability, accessibility and their 
cheapness. Alternative remedies were perceived to be 
effective, easy to use by resource-challenged farmers. 
Most respondents were resource-challenged farmers and 
unemployed and they could not afford to purchase 
conventional  vaccines, a finding which is supported by 
Moreki (2013). Use of hot water by farmers was 
perceived to be effective in  the  management of blackleg 
disease, however its mode of action was unknown. 
Topical application of hot water or hot iron on the affected 
portion was believed to increase the muscle temperature 
which could be lethal to the bacteria in its vegetative 
form. It has also been speculated that temperatures 
above 40˚C may inhibit the neuraminidase activity for the 
C. chauvoei (Singh et al., 1993).  

Farmers in this current study reported that they 
drenched their cattle with potassium permanganate. 
Potassium permanganate is an inorganic substance that 
has various uses. It is an oxidizing agent that has broad 
antimicrobial properties against bacteria, algae, fungi and 
viruses (Khan, 2005). However, Khan (2005) reported 
that potassium permanganate should be used at low 
concentration to avoid irritation of tissues. Farmers 
dissolve a pinch of potassium permanganate (1 g) to 5 L 
of water; however, cattle are drenched with 750 ml. In 
this current study, farmers used it before and during 
outbreaks. Moreki (2013) reported the use of potassium 
permanganate in the control and treatment of poultry 
disease especially Newcastle disease. As potassium 
permanganate has antimicrobial properties, it is 
speculated that it destroys the ingested C. chauvoei 
which is localised in the intestines and muscles before 
they cause damage to the muscles. 

The plant materials were used as single decoctions or 
infusions for drenching or topical applications. This was in 
contrast to traditional healers who frequently use complex 
mixtures (Luseba and Van der Merwe, 2006). Plant 
materials were collected when needed from the bush with 
the exception of ihlwili which was kept and perceived to 
be an essential remedy for a livestock farmer. The mode 
of action  of  the  plant  material  was  not  well  explained  
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by the farmers. Farmers perceived that the remedies 
stimulate the blood circulation and would clean the blood. 
Furthermore, farmers believed that the reddish colour of 
the mixture would cleanse the blood from infection with 
blackleg disease.  

The concentrations of the remedies were determined 
by the qualitative means such as colour changes of the 
liquid after being soaked in water. The use of P. 
angolensis in the current study was consistent with 
findings by Luseba and Van der Merwe (2006) who 
reported that farmers used the plant in the control and 
treatment of blackleg. According to Ndhlovu and Masika 
(2013) and Luseba and Tshisikhawe (2013), P. angolensis 
has been used for treatment of Bovine dermatophilosis 
and cattle anorexia respectively. In addition, Luseba et al. 
(2007) reported that P. angolensis had antibacterial 
activities. It was speculated that drenching cattle with 
plant decoctions or infusions inhibited C. chauvoei 
neuramidase (Useh et al., 2003). This might be the 
pharmacological action by which they ameliorate clinical 
blackleg infections (Useh et al., 2003).Farmers reported 
that they put log of P. angolensis, D. mespiliforms and G. 
spatulifolia across the entrance of the cattle pen so that 
cattle will step over them when they enter or exit the pen. 
They changed the logs after a year of its use or when the 
logs lost their barks. Farmers perceived that these log 
prevent the occurrence of the blackleg disease. However, 
they were divergent views on the efficacy of the log in the 
prevention of blackleg. For instance, some farmers 
doubted their efficacy; as such they used the logs in 
conjunction with other remedies. 
 
 

Conclusions 
 

The use of alternative remedies used in the control and 
management of blackleg disease, needs to be 
scientifically explored. Considering the fact that 
Zimbabweans have a wide range of alternative remedies, 
research should be directed to explore their potential. 
The poor accessibility of modern veterinary healthcare 
services by resource-challenged farmers makes the use 
of alternative remedies a viable option. In addition to 
being cheaper and more accessible, alternative remedies 
can be a viable therapeutic option, if properly investigated 
and standardized. 
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This study was conducted at the grasscutter section of the University of Education, Winneba, Ghana, to 
estimate non-genetic effects on reproductive and survival traits. Data consisted of records on 136 does 
from 2006 to 2010. Litter size at weaning, litter weight and lactation weight loss all increased (P < 0.01) 
with increasing litter size at birth. Litter weight and lactation weight loss increased (P < 0.05) at 
weaning, whilst days of joining decreased (P < 0.01), with increasing years. Minor rainy season was 
found to be the most suitable mating season. Dams that kidded in dry season took fewer (P < 0.05) days 
to conceive than in other seasons. Nursing dams lost more (P < 0.05) weight in dry and minor rainy 
seasons than in major rainy season. Increasing parity led to decreasing (P < 0.05) pre-weaning survival 
of offspring. Post-weaning survival of offspring decreased (P < 0.01) with increasing years. Kids 
conceived in the minor rainy and dry seasons had significantly higher (P < 0.05) post-weaning survival 
rates than those conceived in the major rainy season. Post-weaning survival rates of kids born in the 
minor rainy season were lower (P < 0.05) than those born in other seasons. It was concluded that non-
genetic factors influenced fitness traits and must therefore be considered when designing grasscutter 
breeding programmes. 
 
Key words: Domestication, environmental factors, reproduction, rodent. 

 
 
INTRODUCTION 
 
Fitness traits measure survival and reproductive rates 
(Goddard, 2009). Heritability estimates are generally low 
for these traits, suggesting that response to artificial 
selection   will   be   slower   than   that    of  growth  traits 

(Hohenboken, 1985; Nicholas, 1987; van Vleck et al., 
1987). For these reasons, some breeders normally do not 
include these traits in the breeding objective and 
selection index, or do not include  them  in  the  recording
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scheme (Haile-Mariam et al., 2007). Therefore, these 
traits sometimes show a negative genetic trend in 
livestock populations, despite their importance to 
profitability (Goddard, 2009). This negative trend may 
also arise from inbreeding depression (Cassell et al., 
2003; Wall et al., 2005). The most important 
recommendation to overcome this problem is to include 
fitness traits in the breeding objective, recording scheme 
and selection index (Goddard, 2009). The low heritability 
of fitness traits also suggests that environmental or non-
genetic factors, which may or may not be controllable by 
producers, account for substantial variation in these traits 
(Annor et al., 2012a). 

The influence of non-genetic factors on reproductive 
and survival performance of domestic livestock is very 
well documented in traditional livestock species reared in 
tropical environments e.g. cattle (Osei and Effah-Baah, 
1989; Osei et al., 1991) and pigs (Darko and Buadu, 
1998; Baffour-Awuah et al., 2005). There is however, 
scanty information in the literature about effects of non-
genetic factors on fitness traits of the grasscutter. 

The objective of this work was to estimate effects of 
non-genetic factors on reproductive and survival traits of 
the grasscutter. 
 
 
MATERIALS AND METHODS 
 
Location, animals and experimental protocol have been described 
in a companion paper (Annor et al., 2012c). Essentially, the study 
was carried out at the grasscutter section of the Department of 
Animal Science Education, University of Education, Winneba, 
Ghana, from 2006 to 2010. Mampong-Ashanti is located in the 
transitional zone between the Guinea savanna zone of the north 
and tropical rain forest of the south of Ghana. It lies between 
latitude 07° 04’ north and longitude 01° 24’ west with an altitude of 
457 m above sea level. Maximum and minimum annual 
temperatures recorded during the study period were 30.6 and 
21.2°C, respectively (MSD, 2010). Rainfall in the district is bimodal, 
occurring from April to July (major rainy season) and again August 
to November (minor rainy season), and is about 122 cm per annum. 
The dry season occurs from December to March. The vegetation is 
transitional savanna woodland. The common fodder species that 
are routinely fed to grasscutters, Pennisetum purpureum (elephant 
grass) and Panicum maximum (guinea grass) are readily available 
in this zone. 

Data consisted of records of 136 does over a 5-year period (2006 
- 2010). Dams gave birth up to their third parity. They were fed a 
basal diet of elephant grass (P. purpureum) and a supplementary 
ration of concentrate which contained 14% crude protein and 
1845.6 kcal/kg ME. Composition of concentrate supplement was 
maize (44%), wheat bran (41%), soybean (9%), oyster shell (5%), 
common salt (0.5%) and vitamin-mineral-premix (0.5%). Dams were 
reared and housed in concrete (for mating) and wooden (birth to 
pre-weaning) cages placed in a large animal house. Animals were 
reared in wooden cages during the post-weaning period. Kids were 
weaned at 2 months of age. Animals were identified by metal ear 
tags at the pre-weaning stage (Hauptner, Germany). The following 
traits were recorded:  
 
 
Reproduction  
 
Litter size  at  birth  (LS),  litter  size  at  weaning  (LSW),  litter  birth 

 
 
 
 
weight (LBWT), litter weaning weight (LWWT), days from joining 
(introduction of male to female) to conception (DJC), age at first 
parturition (AFP) and lactation weight loss at weaning of dam 
(LWTL). 
 
 
Survival 
 
Survival was defined in two ways, as trait of dam and as trait of 
offspring: Pre-weaning survival as a trait of dam (PRSd): 
Percentage of kids surviving from birth to weaning. Pre-weaning 
survival as a trait of offspring (PRSo): Survival from birth to weaning 
= 1; died = 0. Post-weaning survival as a trait of dam (POWSd): 
Percentage of kids surviving from weaning to maturity (8 months). 
Post-weaning survival as a trait of offspring (POWSd): Survival from 
weaning to maturity = 1; died = 0. 

Data on reproduction (except age at first parturition) and survival 
as a trait of dam were analyzed using Linear mixed models (LMM) 
with MIXED procedure of SAS (2008). Data on survival as a trait of 
offspring were analyzed using Generalized linear mixed models 
(GLMM) with GLIMMIX procedure of SAS (2008). Model used for 
both situations was: 
 

y = Xβ + Zu + ε 
 
Where, y represents vector of observations; X and Z are design, or 
regressor, matrices associated with fixed and random effects, 
respectively; β is a vector of fixed-effects (type of birth, parity of 
dam, year of birth, season of mating and season of birth) 
parameters; u represents the random effects (animal or dam) 
vector; and ε, is the vector of residuals.  

Sex was included as a fixed effect in analysis of survival as trait 
of offspring. An account was made for repeatable observations of 
reproductive traits and survival as trait of dam in SAS analysis.  

Data on age at first parturition were subjected to least squares 
analysis using Generalized linear models (GLM) Type III procedure 
of SAS (2008) on the following fixed models: 
 
y = Xβ + ε 
 
Where, y represents vector of observations, X is design, or 
regressor, matrix associated with fixed effects; β is a vector of fixed 
effects (type of birth, parity of dam, year of birth, season of mating 
and season of birth) parameters; and ε, is the vector of residuals. 

All model equations included 2-way interactions of fixed effects. 
Three-way and higher level interactions were not considered 
important. Differences between means of significant effects were 
separated by the probability of difference (PDIFF) procedure of 
SAS (2008). The following coding was used for fixed factors: 
 
Type of birth (litter size): Single = 1, twin = 2, triplet = 3, 
quadruplet = 4, quintuplet = 5, sextuplet = 6 and septuplet = 7;  
 
Sex of kid: Females = 1 and males = 2. 
 
Parity of dam: First birth = 1, second birth = 2 and third birth = 3. 
 
Seasons: Major rains (April to July) = 1, minor rains (August to 
November) = 2 and dry season (December to March) = 3. 
 
Year of birth: 2006, 2007, 2008, 2009 and 2010. 
 
 
RESULTS AND DISCUSSION 
 
Effect of non-genetic factors on reproductive traits 
 
Least squares means of reproductive traits are  shown  in
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Table 1. Least squares means and standard errors for the effect of fixed factors on LS, LSW, LBWT and LWWT. 
 

Fixed factor 
LS  LSW  LBWT  LWWT 

No.
x 

Units  No.
 

Units  No.
 

g  No.
 

g 

Type of birth
y 

    < 0.0001   < 0.0001   < 0.0001 

1 - -  7 1.0 ± 0.35
a 

 8 158.5 ± 25.40
a 

 7 844.4 ± 231.00
a 

2 - -  7 1.4 ± 0.35
a 

 7 296.2 ± 27.11
b 

 7 1031.6 ± 231.00
ab 

3 - -  31 2.6 ± 0.16
b 

 33 390.2 ± 12.53
c 

 31 1482.8 ± 109.77
b 

4 - -  46 3.7 ± 0.14
c 

 47 505.4 ± 10.71
d 

 46 2143.1 ± 91.11
c 

5 - -  30 4.3 ± 0.17
d 

 32 566.0 ± 12.71
e 

 30 2153.9 ± 111.59
c 

6 - -  4 6.0 ± 0.47
e 

 4 673.2 ± 35.83
f 

 4 2988.1 ± 305.59
d 

7 - -  5 5.4 ± 0.42
e 

 5 710.7 ± 32.16
f 

 5 2295.4 ± 275.33
cd 

            

Parity
y 

 0.4438   0.4438   0.3036   0.1843 

1 57 3.7 ±  0.17
 

 56 3.3 ± 0.19
 

 57 450.7 ± 18.62
 

 56 1782.4 ± 101.73
 

2 61 4.0 ± 0.16
 

 61 3.5 ± 0.18
 

 61 489.3 ± 18.13
 

 61 1884.5 ± 98.23
 

3 18 4.1 ± 0.31
 

 16 3.6 ± 0.36
 

 18 489.4 ± 33.12
 

 16 2199.3 ± 194.40
 

            

Year of birth
y 

 0.8718   < 0.001   0.0280   0.0202 

2006 26 3.7 ± 0.26
 

 26 3.0 ± 0.28
ac 

 26 429.2 ± 27.04
a 

 26 1503.1 ± 145.82
a 

2007 31 4.0 ± 0.24
 

 31 3.9 ± 0.25
b 

 31 462.6 ± 24.77
a 

 31 1833.3 ± 130.97
ab 

2008 24 4.0 ± 0.27
 

 24 3.6 ± 0.29
bc 

 24 520.8 ± 28.13
b 

 24 2023.0 ± 152.01
bc 

2009 35 4.0 ± 0.22
 

 35 3.6 ± 0.25
bc 

 35 509.5 ± 24.45
b 

 35 2200.3 ± 127.79
c 

2010 20 3.7 ± 0.29
 

 17 2.6  ± 0.34
a 

 20 427.0 ± 30.90
a 

 17 1702.7 ± 182.09
b 

            

Mating season
y 

 0.0329   0.4860   0.0496   0.0001 

Major rains 51 3.7 ± 0.18
a 

 51 3.3 ± 0.20
 

 51 453.2 ± 19.38
a 

 51 1728.5 ± 106.53
a 

Minor rains 42 4.3 ± 0.20
b 

 42 3.7 ± 0.23
 

 42 520.3 ± 21.61
b 

 42 2082.8 ± 119.56
b 

Dry season 43 3.6 ± 0.19
a 

 40 3.4 ± 0.23
 

 43 452.0 ± 21.11
a 

 40 1846.8 ± 120.10
a 

            

Season of birth
y 

 0.1842   0.1612   0.7870   0.5425 

Major rains 37 3.8 ± 0.21
 

 34 3.5 ± 0.25
 

 37 460.2 ± 23.31
 

 34 1874.1 ± 130.45 

Minor rains 29 3.6 ± 0.24
 

 29 3.0 ± 0.27
 

 29 472.1 ± 26.37
 

 29 1730.0 ± 147.94
 

Dry season 70 4.1 ± 0.16
 

 70 3.6 ± 0.17
 

 70 480.2 ± 17.13
 

 70 1925.2 ± 93.79
 

Overall 136 3.9 ± 0.11  133 3.4 ± 0.13  136 473.2 ± 12.06  133 1888.2 ± 66.58 
 
x
Number of animals; 

y
Probability value of test of main effects; 

abc
Means in the same column and within the same effect, with different superscripts are 

significantly different; LS, Litter size at birth; LSW, litter size at weaning; LBWT, litter birth weight; LWWT, litter weaning weight. 
 
 
Tables 1 and 2. Mean values of kidding interval and 
number of parturitions per doe per year were 8.2 months 
and 1.8, respectively. Mean litter size at birth (3.9) and 
litter size at weaning (3.4) fall within ranges from the 
literature, 3.8 to 4.8 and 2.4 to 3.9, respectively (Adu et 
al., 1999; Jori and Chardonnet, 2001; Adu, 2003; Ikpeze 
and Ebenebe, 2004c; Addo et al., 2007). Mean litter birth 
weight (473.2 g) and litter weaning weight (1888.2 g) are 
also within ranges, 289.2 to 798.0 g and 1038.4 to 2242.5 
g, respectively (Schrage and Yewadan, 1999; Adu et al., 
2000; Ikpeze and Ebenebe, 2004a; Ikpeze and Ebenebe, 
2004b). 

There is positive correlation between duration of male-
female pairing (joining) and conception rates (Addo et al., 
2003). Determination of optimal duration of pairing to 
achieve  pregnancy is important for  successful  breeding. 

Mean days of joining to conception of 21 days observed 
in this study is far below the common practice in Ghana 
where most farmers pair males and females for no less 
than 45 days (Greater Accra Grasscutter Farmers 
Association, personal communication). Breeding males 
prey on pregnant does if duration of pairing is too long. 
There is also a common practice where farmers leave 
breeding pairs together until parturition. This practice 
results in breeding males preying on male kids in the litter 
(Asibey, 1974; Addo et al., 2003).  

This study provides evidence that the period for which 
farmers commonly pair males and females for breeding is 
too long. Addo et al. (2003) observed 80% sexual 
receptivity and 79.3% resultant pregnancies within the 
first 3 days of male-female pairing. Addo et al. (2007) 
reported a conception  rate  of  87.1%  when   males  and
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Table 2. Least squares means and standard errors for the effect of fixed factors on DJC, ADB and LWTL. 
 

Fixed factor 
DJC  AFP  LWTL 

No.
x 

Days  No.
 

Months  No.
 

g 

Type of birth
y 

 0.3988   0.1696   0.0006 

1 8 22.0 ± 3.98
 

 5 12.3 ± 0.33
 

 7 122.7 ± 93.33
a 

2 7 29.3 ± 4.22
 

 1 12.0 ± 0.71
 

 7 -119.0 ± 93.33
ab 

3 33 20.1 ± 1.98
 

 16 11.6 ± 0.19
 

 31 -254.1 ± 45.08
b 

4 47 21.8 ± 1.70
 

 23 11.8 ± 0.17
 

 46 -267.7 ± 36.81
b 

5 32 20.1 ± 2.00
 

 9 12.6 ± 0.30
 

 30 -452.3 ± 45.08
c 

6 4 28.6 ± 5.57
 

 1 11.6 ± 0.71
 

 4 -360.0 ± 123.46
bc 

7 5 18.7 ± 5.05
 

 2 12.1 ± 0.52
 

 5 -588.0 ± 110.42
cd 

         

Parity
y 

 0.5136      0.0558 

1 57 22.1 ± 1.51
 

 - -  56 -251.4 ± 38.02
 

2 61 20.0 ± 1.47
 

 - -
 

 61 -301.0 ± 36.38
 

3 18 22.7 ± 2.68
 

 - -
 

 16 -317.0 ± 72.14
 

         

Year of birth
y 

 0.0019   0.0461   0.0255 

2006 26 18.8 ± 2.08
a 

 18 11.6 ± 0.26
a 

 26 -193.6 ± 55.13
a 

2007 31 28.2 ± 1.91
b 

 9 12.0 ± 0.31
ab 

 31 -227.7 ± 49.51
a 

2008 24 22.4 ± 2.17
a 

 11 12.0 ± 0.28
ab 

 24 -311.9 ± 58.77
b 

2009 35 19.1 ± 1.82
a 

 16 12.4 ± 0.22
b 

 35 -370.4 ± 47.27
b 

2010 20 14.5 ± 2.38
c 

 3 12.0 ± 0.45
ab 

 17 -389.8 ± 68.91
b 

         

Mating season
y 

 0.0239   0.2107   0.0259 

Major rains 51 24.6 ± 1.56
a 

 23 12.3 ± 0.28
 

 51 -272.6 ± 40.12
a 

Minor rains 42 17.9 ± 1.74
b 

 19 12.0 ± 0.27
 

 42 -355.6 ± 44.40
b 

Dry season 43 20.0 ± 1.70
c 

 15 11.7 ± 0.27
 

 40 -256.7 ± 44.97
a 

         

Season of birth
y 

 0.0482   0.1445   0.0233 

Major rains 37 20.1 ± 1.85
a 

 14 12.3 ± 0.30
 

 34 -220.9 ± 48.12
a 

Minor rains 29 23.6 ± 2.12
b 

 12 12.2 ± 0.30
 

 29 -313.9 ± 55.03
b 

Dry season 70 18.8 ± 1.39
c 

 31 11.6 ± 0.22
 

 70 -322.4 ± 34.02
b 

Overall 136 21.0 ± 0.98  57 11.9 ± 0.10  133 -293.7 ± 24.91 
 
x
Number of animals; 

abc
Means in the same column and within the same effect, with different superscripts are significantly 

different; 
y
Probability value of test of main effects; DJC, Days of joining to conception; AFP, age at first parturition; LWTL, 

lactation weight loss. 
 
 
females were paired for 14 days, and recommended that 
mates be paired for 2 to 4 weeks for mating purposes. In 
this study, only 60.0% of females were pregnant at the 
mean 21 pairing days (3 weeks), with 75.0 and 91.2% of 
females pregnant at the end of the 4

th
 and 5

th
 week of 

pairing, respectively. It is therefore being suggested that 
mates (males and females) should be paired for a 
maximum of 5 weeks (35 days) for mating purposes. This 
recommendation is based on the optimum pregnancy 
rate of 90.0% reported for the grasscutter (Schrage and 
Yewadan, 1999; Addo et al., 2007), and an observation in 
this study that males begin preying on pregnant females 
after about 40 days of pairing. One suggestion for 
producers is to only retain replacement females from 
those that get pregnant early. For example,  farmers  may 

keep replacements out of females that get pregnant in 
the first 21 days. 

Mean age at first parturition of 11.9 months observed in 
this study is similar to 11.0 months reported by Schrage 
and Yewadan (1999). It is also close to 10 to 11 months 
calculated from data presented by Mensah and Okeyo 
(2006). Kidding around 11 to 12 months is ideal because 
age at first mating is around 6 to 7 months, and gestation 
is approximately 5 months (Schrage and Yewadan, 1999; 
Adu et al., 1999). 

Mean lactation weight loss of dam (-293.7 g) was 
approximately 10% of the dam’s body weight at birth, 
despite being given supplementary feed. A similar 
observation was made by Mattingly and Mcclure (1985) 
in cotton rats. They reported that even  with  ample  food, 



 

 
 
 
 
lactating cotton rats lost 11% of their body weight at 
weaning.  

Mean kidding interval of 8.2 months obtained in the 
study is similar to 7.5 months reported by Adu et al. 
(1999). It is however longer than the 6.9 and 6 to 7 
months reported by Schrage and Yewadan (1999) and 
Mensah and Okeyo (2006), respectively. Shorter kidding 
intervals are desirable to increase number of litters per 
doe per year. Kidding interval is variable and depends 
greatly on weaning period. Weaning age can be reduced 
to increase number of litters per doe per year. In this 
study, weaning was done at 2 months, but it could be 
reduced to about 1 month, which would reduce kidding 
interval to 7.2 months to improve upon number of litters 
per doe per year. This is supported by the work of Adu 
(2003). In his study of patterns of parturition and mortality 
in weaned grasscutters, he concluded that it is practical 
to wean kids at 4 weeks of age with proper post-weaning 
management. Based on the results of this study and 
experience from the field and in the literature farmers are 
advised to wean kids at the age of 2 months. 

Litter size at weaning, litter birth weight, litter weaning 
weight and lactation weight loss all increased (P < 0.01) 
with increasing litter size at birth (Tables 1 and 2). 
However, kids of various litter size groups had similar (P 
> 0.05) days of joining to conception and age at first 
parturition, indicating that the effect of litter size on these 
two traits was not important. Litter size at birth explained 
57.0, 72.8, 30.7 and 22.9% of the variation in litter size at 
weaning, litter birth weight, litter weaning weight and 
lactation weight loss, respectively. 

As litter size at birth increases, litter size at weaning will 
increase due to a high positive genetic correlation 
between the two traits (Annor et al., 2012b). In mammals, 
litter weight is positively correlated with litter size (Millar, 
1981). Therefore, if litter size at birth increases, litter birth 
weight and litter weaning weight will increase. Large 
litters consume more milk than small litters (Epstein, 
1978); therefore, increasing litter size will also increase 
lactation weight loss. In some instances, dams of litter 
size of 6 to 7 became very emaciated during suckling, 
sometimes resulting in alopecia and death. Emaciated 
condition of nursing female reflected the physiological 
stress resulting from raising an extraordinary large litter 
over the pre-weaning period (Cameron, 1973). These 
results should stimulate experimental inquiry into role of 
nutrition as an ultimate factor in family size determination. 
There was no influence (P > 0.05) of parity on any 
reproductive trait. Parity was relatively not important in 
explaining variation in reproductive traits, possibly 
because of the few parity levels (1, 2 and 3) involved in 
the study or the few observations made for Parity 3, 
compared to Parity 1 and 2. 

Year of birth had an effect (P < 0.05) on all reproductive 
traits, except, litter size at birth (Tables 1 and 2). Mean 
litter size at birth was similar in all years. There was no 
trend of the effect of year on reproductive traits. However, 
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litter weaning weight and lactation weight loss increased 
whilst days of joining to conception decreased with 
increasing years. Year of birth explained 3.7, 4.3 and 
7.1% of the variation in litter weight at weaning, days of 
joining to conception and lactation weight loss, 
respectively. 

It was observed by Addo et al. (2007) that increasing 
years of the dam had an effect of increasing weaning 
weight. In that study, increasing year by 1 unit increased 
weaning weight by 39.6 g. Observed increase in weight 
with increasing years led to recorded increases in litter 
birth weight and litter weaning weight with years. Days of 
joining to conception decreased with years because 
multiparous dams with bigger body size conceived earlier 
than primiparous dams with smaller body size. Increasing 
years has the effect of producing bigger dams and also 
bringing many multiparous dams into play. Lactation 
weight loss increased with increasing years because 
heavier offspring were produced with increasing years. 
The demand for milk from heavier offspring is higher than 
that of lighter ones (Epstein, 1978), therefore, 
physiological stress resulting from suckling from heavier 
offspring is also higher than that of lighter ones 
(Cameron, 1973; Vaughan et al., 2009). 

Season of mating affected (P < 0.05) litter size at birth, 
litter birth weight (P < 0.05), litter weaning weight (P < 
0.01), days of joining to conception (P < 0.05) and 
lactation weight loss (P < 0.05) but had little effect (P > 
0.05) on litter size at weaning and age at first parturition. 
Mean litter size at weaning and age at first parturition of 
dams that conceived in all seasons were similar. 
However, dams that conceived in the minor rainy season 
had higher (P < 0.05) litter size at birth, litter birth weight 
(P < 0.05), litter weaning weight, lactation weight loss and  
fewer (P < 0.05) days of joining to conception than those 
conceiving in major rainy and dry seasons. 

Mean litter size at birth, litter size at weaning, litter birth 
weight, litter weaning weight and age at first parturition 
did not differ (P > 0.05) between seasons of birth. 
However, dams that kidded in dry season took fewer (P < 
0.05) days to conceive than those kidding in the other 
seasons. Dams that kidded in dry and minor rainy 
seasons lost more (P < 0.05) weight than those kidding in 
major rainy season. 

The best reproductive performance of females was 
exhibited by those mated in the minor rainy season. Litter 
size at birth, litter birth weight and litter weaning weight 
were significantly higher for females mated in the minor 
rainy season than the other two seasons. Lactation 
weight loss at weaning was also higher for females 
mated in the minor rainy season. The shortest days of 
joining to conception was also observed in the minor 
rainy season. The minor rainy season, August to 
November, coincides with the natural breeding season of 
grasscutters in the wild, as the major rains had 
encouraged the growth of fresh vegetation with abundant 
food    supply   (GNA,   2009).  The   abundance   of  food 
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provides good nutrition, which is important for adequate 
and good ovulation (Bronson, 2009). This probably led to 
the highest litter size in dams mated in the minor rainy 
season. An increase in litter size at birth also led to an 
increase in litter weight at birth because in mammals litter 
weight is positively correlated with litter size (Millar, 
1981). 

Dams that were mated in the minor rainy season took 
the shortest days to get pregnant, probably because that 
is their natural breeding season. The minor rainy season 
is therefore the best breeding period for domesticated 
grasscutters, although the animals are known to breed 
throughout the year (Asibey, 1974; Adu, 2003; Addo et 
al., 2007). Lactation weight loss was highest among does 
mated in the minor rainy season because these females 
gave birth in the dry season, and produced the largest 
litters that also had the highest litter birth weight. Poor 
grass quality, in addition to increased litter size and litter 
birth weight, in the dry season adversely affected 
lactation weight loss. Despite providing supplementary 
feeding, the effect of season was still significant. This is 
relevant when it is recognized that feeding standards 
used to provide supplementary feed for nursing mothers 
were based on those of growing grasscutters. 

Dams that gave birth in the dry season had the shortest 
days of joining to conception because they were mated in 
the minor rainy season which is the best or natural 
mating period (GNA, 2009). Dams that gave birth in the 
dry season also lost more weight than those that gave 
birth in the major rains because the former had the 
largest litter size at birth and highest litter birth weight, 
though the difference between the means of season of 
birth was not significant. It is concluded that farmers 
could mate their animals in any season of the year but 
should make sure to provide animals with adequate 
nutrition. 
 
 
Effect of non-genetic factors on survival traits 
 
Least squares means of survival traits are shown in Table 
3. Post-weaning survival was higher than pre-weaning 
survival. There is wide variation in survival rates of 
grasscutter in the literature, most likely due to wide 
variations in environmental and management conditions. 
Both pre- and post-weaning survival rates range from 75 
to 100% (Mensah, 2000; Adu, 2003; Ikpeze and 
Ebenebe, 2004b; Addo et al., 2007). Mean survival rates 
(as trait of dam and offspring) are higher than 75% 
observed in Nigeria (Ikpeze and Ebenebe, 2004c) and 
Benin (Mensah, 2000), respectively. They are however 
lower than 100% reported by Addo et al. (2007) in 
Ghana. 

Pre- and post-weaning survival rates did not differ (P > 
0.05) between litter sizes (Table 3). The results do not 
follow general observation in rodents that survival of kids 
decreases   with  increasing  litter  size  (Cameron,  1973; 

 
 
 
 
Myers and Master, 1983), probably because the 
husbandry was congenial for survival in this study. Both 
grass and concentrate supplement were provided to 
nursing dams to enable them provide sufficient milk for 
kids. Based on the present results it is suggested that it 
will be advantageous to select animals from larger litters 
at weaning, on account of their survival, for breeding. 

Survival did not differ (P > 0.05) between the sexes. 
Thus, sex had no influence on pre- and post-weaning 
survival. There is little information in the literature on 
survival rates in the sexes. However, a study in wild birds 
also observed no differences in survival between the 
sexes (Fisher and Wiebe, 2006). 

Year of birth had an effect (P < 0.05) on all survival 
traits (Table 3). Nevertheless, there was no trend of the 
effect of year on survival traits. However, post-weaning 
survival rate as a trait of offspring decreased with 
increasing years. Year of birth explained 2.7% of the 
variation in this trait. The reduction in post-weaning 
survival as the years progressed was attributed to an 
increase in population of animals with increasing years. 
The annual population growth rate of the study animals 
on the farm was 108.5%. Increase in population 
facilitates the spread of infectious diseases in grasscutter 
herds (Annor et al., 2009). This probably led to reduced 
survival. In domestic animals, survival depends not only 
on diseases and their characteristics but also on 
husbandry practices (Thrusfield, 2007). Animals may die 
from negligence of farm workers or from the absence of 
farm inputs. It is concluded that most year effects were 
due to variation in management practices, knowledge 
and/experience of the farmer and farm workers, and 
facilities available on the farm. 

Season of mating affected (P < 0.01) post-weaning 
survival but had little effect (P > 0.05) on pre-weaning 
survival rates. Kids conceived in all seasons had similar 
pre-weaning survival rates. Kids conceived in minor rainy 
and dry seasons had higher (P < 0.01) post-weaning 
survival rates than those conceiving in major rainy 
season (Table 3). Mean pre-weaning survival rate as trait 
of dam and offspring did not differ (P > 0.05) between 
seasons of birth. Post-weaning survival rates of kids born 
in minor rainy season were lower (P < 0.05) than those 
born in other seasons. 

Animals that were conceived in the major rainy season 
had significantly lower post-weaning survival rates than 
those conceived in other seasons. Post-weaning here 
refers to age of 2 to 8 months. Effect of season on 
survival is known to be mediated through quantity and 
quality of food available to rodents (Cittadino et al., 
1994). Most dams that conceived in the major rainy 
season (April to July) gave birth and weaned kids in the 
minor rainy season (August to November). These 
weaned kids had to spend the first part (4 months) of 
their adult life (post-weaning) in the dry season 
(December to March) when grass quality was poor 
(Annor    et    al.,    2012c).   Poor   nutrition   is   probably
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Table 3. Least squares means and standard errors for the effect of fixed factors on survival traits. 
 

Fixed factor 
PRSd  POWSd  PRSO  POWSO 

No.
x 

%  No.
 

%  No. %  No. % 

Type of birth
y 

 0.1534   0. 6236   0.1934   0.2514 

1 8 99.9 ± 8.55
 

 6 99.9 ± 11.58
 

 8 97.6 ± 0.11
 

 6 97.9 ± 0.12
 

2 7 99.9 ± 8.55
 

 7 99.7 ± 10.70
 

 14 97.2 ±  0.09
 

 11 93.3 ± 0.11
 

3 33 85.9 ± 3.94
 

 27 87.8 ± 5.46
 

 96 79.1 ± 0.04
 

 73 88.4 ± 0.06
 

4 47 93.3 ± 3.37
 

 39 82.1 ± 4.63
 

 179 87.3 ± 0.04
 

 145 83.1 ± 0.05
 

5 32 86.29 ± 4.06
 

 23 90.7 ± 5.91
 

 157 81.9 ± 0.04
 

 111 80.2 ± 0.06
 

6 4 71.4 ± 11.31
 

 3 92.1 ± 16.36
 

 24 91.5 ±  0.10
 

 18 79.4 ± 0.13
 

7 5 77.2 ± 10.11
 

 5 79.3 ± 12.67
 

 24 77.6 ± 0.10
 

 20 77.4 ± 0.12
 

            

Sex
y 

       0.1633   0. 6630 

Male - -  - -  245 84.9 ± 0.04  187 83.9 ± 0.05 

Female - -  - -  257 81.5 ± 0.04  197 85.1 ± 0.04 

            

Parity
y 

 P = 0.3472   P = 0.5731   0.0444   0.4236 

1 57 90.1 ± 3.07
 

 47 86.7 ± 4.12
 

 224 88.0 ± 0.04
a 

 177 83.9 ± 0.05
 

2 61 89.4 ± 2.97
 

 50 86.3 ± 4.04
 

 203 86.7 ± 0.04
a 

 160 80.9 ± 0.05
 

3 18 80.6 ± 5.75
 

 13 85.5 ± 7.84
 

 75 74.8 ± 0.06
b 

 47 88.7 ± 0.07
 

            

Year of birth
y 

 0.0058   0.0170   0.0098   0.0031 

2006 26 81.8 ± 4.26
a 

 25 92.2 ± 5.22
a 

 79 78.9 ± 0.06
ab 

 70 91.3 ± 0.07
a 

2007 31 96.8 ± 3.90
b 

 31 98.1 ± 4.69
a 

 117 91.3 ± 0.05
b 

 116 99.9 ± 0.05
a 

2008 24 91.0 ± 4.44
b 

 23 66.3 ± 5.45
b 

 91 88.3 ± 0.05
b 

 82 79.2 ± 0.06
b 

2009 35 93.5 ± 3.73
b 

 24 87.6 ± 5.45
a 

 148 88.4 ± 0.04
b 

 94 75.1 ± 0.06
b 

2010 20 71.0 ± 5.27
a 

 7 94.3 ± 9.87
a 

 67 79.0 ± 0.07
a 

 22 75.8 ± 0.10
b 

            

Mating season
y 

 0. 6126   0.0112   0.2340   < 0.0001 

Major rains        51 89.1 ± 3.24
 

 36 74.3 ± 4.47
a 

 188 80.8 ± 0.05
 

 124 72.3 ± 0.07
a 

Minor rains 42 85.8 ± 3.61
 

 35 92.4 ± 4.66
b 

 165 78.4 ± 0.05
 

 129 91.0 ± 0.06
b 

Dry season 43 90.9 ± 3.65
 

 39 96.0 ± 4.28
b 

 149 90.3 ± 0.05
 

 131 99.9 ± 0.05
b 

            

Season of birth
y 

 0.3456   0.0076   0.1177   0.0233 

Major rains        37 92.6 ± 3.95
 

 32 96.3 ± 4.69
a 

 133 86.3 ± 0.06
 

 111 85.5 ± 0.06
a 

Minor rains 29 83.9 ± 4.27
 

 23 76.7 ± 5.53
b 

 98 82.8 ± 0.06
 

 68 73.7 ± 0.07
b 

Dry season 70 88.6 ± 2.77
 

 55 90.5 ± 3.61
a 

 271 90.5 ± 0.04
 

 205 94.3 ± 0.05
a 

Overall 136 86.5 ± 2.26  110 87.4 ± 2.70  502 84.4±0.04  384 85.0±0.05 
 
x
Number of animals; 

y
Probability value of test of main effects; 

abc
Means in the same column and within the same effect, with different superscripts 

are significantly different; PRSd, pre-weaning survival as trait of dam; POWSd, post-weaning survival as trait of dam; PRSo, pre-weaning survival 
as trait of offspring; POWSo, post-weaning survival as trait of offspring. 

 
 
 
responsible for the poor post-weaning survival of animals 
conceived in the major rainy season. 

Post-weaning survival of animals born in the minor 
rainy season was significantly poorer than those born in 
other seasons. Kids born in the minor rainy season were 
weaned in the same season. Similar explanation given 
above also applies to this situation because these 
weaned kids had to spend the first part (4 months) of 
their adult life (post-weaning) in the dry season 
(December to March). 

Interaction effects of fixed factors on traits 
 
Interaction effects of type of birth with all other fixed 
factors on litter size at weaning, litter birth weight, litter 
weaning weight and post-weaning survival as a trait of 
offspring were important (Table 4). Year × season of 
mating interaction was important for litter size at birth, 
litter size at weaning, litter birth weight, litter weaning 
weight and days of joining to conception. Year × seasons 
and season of mating × season of birth interactions  were
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Table 4. Interaction effects of fixed factors on fitness traits. 
 

Type of interaction LS LSW LBWT LWWT DJC AFP LWTL PRSd POWSd PRSo POWSd 

TOB*Sex - - - - - - - - - ns ns 

TOB*Parity - ** ** ** ns - ns ns ns ns ** 

TOB*YOB - ** ** * ns ns ns ns ns ns ** 

TOB*SOM - ** ** ** ns ns ns ns ns ns ** 

TOB*SOB - ** ** ** ns ns ns ns ns ns * 

Sex*Parity - - - - - - - - - ns ns 

Sex*YOB - - - - - - - - - ns ns 

Sex*SOM - - - - - - - - - ns ns 

Sex*SOB - - - - - - - - - ns ns 

Parity*YOB ns ns ns ns ns - ns ns ns ns * 

Parity*SOM ns ns ns ns ns - ns ns ns ns ns 

Parity*SOB ns ns ns ns ns - ns ns ns ns ** 

YOB*SOM * * * * ** ns ns ns ns ns ns 

YOB*SOB ns ns ns ns ** ns ns ns * ** * 

SOM*SOB ns ns ns ns ** ns ns ns * ns ns 
 

* = P < 0.05; ** = P < 0.01; LS, Litter size at birth; LSW, litter size at weaning; LBWT, litter birth weight; LWWT, litter weaning weight; DJC, days from 
joining to conception; AFP, age at first parturition; LWTL, lactation weight loss; PRSd, pre-weaning survival as trait of dam; POWSd, post-weaning 
survival as trait of dam; PRSo, pre-weaning survival as trait of offspring; POWSo, post-weaning survival as trait of offspring; TOB, type of birth; YOB, 
year of birth; SOM, season of mating; SOB, season of birth. 
 
 
 

important for joining to conception. Year × season of birth 
and season of mating × season of birth interactions were 
important for post-weaning survival as a trait of dam. 

The significant first order interactions observed in this 
study for both reproductive and survival traits  indicate 
that the ranking of levels of the same factor do not hold 
when combined with sets of levels of two factors are 
considered. There are no previous studies on interactions 
of fixed factors in the grasscutter. However, studies in 
rodents and other farm animal species have confirmed 
the existence of some of the above interactions. 
Significant parity × season interactions on litter size and 
litter weight in rabbits were reported by Tuma et al. 
(2010). Chineke (2005) also reported significant 
interactions of parity × season on litter weight in rabbits. 
Significant year × season of birth interactions on litter size 
has been reported in pigs (Gaugler et al., 1984) and 
goats (Hamed et al., 2009). The importance of 
interactions of fixed factors has been recognized in farm 
animal genetic improvement and evaluation programmes 
(Diop, 1997; Lee and Pollak, 1997; Lee et al., 2000; 
Meyer, 2003).  
 
 
Conclusion 
 
The mean values of traits obtained in this study were 
compared favourably with similar studies conducted in 
sub-Saharan Africa on the grasscutter. In most cases, the 
study showed that non-genetic effects influenced 
reproductive and survival traits. It is important that the 
extent to which these environmental factors influence 
traits     under   study    be    evaluated    for    appropriate 

adjustments to be made when estimating genetic values 
for a breeding programme in grasscutter. Interaction 
effects were important in the grasscutter and must be 
considered in genetic improvement and evaluation 
programmes. There is also a need to find the nutrient 
requirements for pregnant and lactating grasscutters. 
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