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Abstract 

 
Data from 434 litters farrowed between January 1998 and August 2003 was used to evaluate the piglet 

performance of Mukota and Large White × Mukota piglets up to weaning at 35 days (± 4 days). The traits studied 
were litter size at 21 days of age, total weight of piglets at 21 days of age, body weight gain to 21 days, number of 
piglets weaned, weight at weaning, body weight gain to weaning, body weight gain from 21 to 35 days and pre-
weaning mortality. The month of farrowing and breed of sire did not affect litter size at day 21. The overall body 
weight gain from birth to weaning was not influenced by the sex of the piglet. At advanced parities, Mukota piglets 
had higher (P<0.05) litter weights at weaning than crossbred piglets. Mortality rates increased (P<0.05) up to the 5th 
parity and then dropped to 8th parity. The highest mortality rates were observed for litters that were farrowed during 
the cold months. Based on litter weights at weaning, it was concluded that Mukota pigs could be suitable for both 
low and medium input production systems. 
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Introduction 
 

Smallholder pig production constitutes over 50% 
of the total pig population in Zimbabwe and the 
majority of the pigs used are the local genotypes 
(Ncube et al., 2003). The pork processing industry 
shuns indigenous Mukota pig, principally because of its 
small frame (FAO, 2004; Chimonyo et al., 2010). In the 
commercial farming sector and to a lesser extent in the 
smallholder sector, farmers commonly produce 
crossbred Large White and Landrace sows and boars in 
order to benefit from heterosis (Maburutse, 1992). 
However, Mukota pigs have been established to be heat 
and parasite tolerant (Zanga et al., 2003) and have high 
ability to scavenge and utilise fibrous diets (Chimonyo 
et al., 2001; Kanengoni et al., 2004), which makes them 
suitable for free-range, low-intensity management 
systems (Chimonyo et al., 2010). Utilising such 
indigenous pig resources that are adapted to the 
challenging local environments can enhance 
sustainability of smallholder pig production systems 
and promote the utilisation of their valuable genes 
(Scherf, 1990; Anderson, 2003). The lack of 
information   on   the   attributes   of   the   local breeds,  

particularly the Mukota breed, however, makes it 
difficult to conserve, utilise and incorporate it in 
improvement schemes (Chimonyo et al., 2006). 

The pre-weaning performance of Mukota pigs and 
its crossbreds under low-input production systems, for 
example, is not well known. Three week performance, 
in particular, that is closely associated with the 
development of acquired immunity in piglets 
(Whittemore, 1993) has not been established for the 
Mukota breed. At that stage weak piglets are not only 
susceptible to disease and crushing, but are also less 
competitive during feeding than their stronger 
counterparts. Performance at 3 weeks is, thus crucial to 
the overall growth of pig and the resistance to diseases 
prevalent in a particular environment. Such information 
is also vital in designing and evaluating crossbreeding 
schemes involving the local genotypes. 

Pig pre-weaning mortality, litter weight, and litter 
size at weaning are critical to the performance of the 
herd. Litter size at weaning indicates, among other 
things, the mothering ability of the nurse sow and the 
ability of the piglets to adjust to the feed. Hudson and 
Trillmich (2008) reported that an increase in the litter 
size reduces the share of milk obtained by the 
individuals, resulting in lower overall growth rates and 
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probability of survival. Under conventional intensive 
pig production systems, litter size at weaning is, 
arguably, the best indicator of sow performance, since it 
determines the number of pigs that get slaughtered. 
This is largely because mortalities beyond weaning are 
negligible and is not largely influenced by the 
mothering ability of the sow, but the level of herd 
management. However, such pre-weaning performance 
measures have not been quantified for the Mukota 
breed and its crosses under the low-input systems. The 
objective of the study was to determine the effect of 
genotype on piglet pre-weaning performance.  
 
Materials and methods 
 

Data on Mukota pigs were collected from the 
University of Zimbabwe Farm (UZF), Harare, 
Zimbabwe (1300 m above sea level). The area is 
situated between longitudes 310 5' and 320 0' E and 
latitudes 170 5' and 180 0' S. Annual rainfall averages 
800 mm. Ambient temperatures fluctuate between 7 oC 
and 30 oC. The base population of Mukota pigs were 
collected from Mutoko, Mvuma and Mount Darwin 
communal areas. This was done to increase diversity 
and reduce inbreeding in the base population, and 
create animals with pedigree information as described 
by Chimonyo et al. (2006). Mutoko is located about 
250 km to the north east of Harare, while Mvuma lies 
approximately 300 km to the south of Harare. Mount 
Darwin is situated 200 km north of Harare. Large White 
boars used for crossbreeding with Mukota sows were 
obtained from the Pig Industry Board Farm (PIB), 
Arcturus, Zimbabwe.  

Matings were done through natural service. Sows 
were culled after the eighth parity. Animals with an 
inbreeding coefficient of above 5 % were not mated to 
each other. Gilt replacements were selected on a within-
litter basis. Replacement gilts had above average daily 
gains, strong legs and no up-turned vulvas. All gilts 
selected had at least 12 teats. Selection of Mukota boars 
was also practised at the UZF. Boars were selected 
based on body confirmation and shape. Pedigree 
records were also used in boar selection to reduce 
inbreeding. All the pigs that were not selected for 
breeding were put on the commercial unit and 
monitored for growth performance until they reached 
market weight. 

The management and feeding conditions of the 
pigs were designed to try to mimic the conditions that 
are experienced in smallholder farming areas. Sow 
houses had no creep areas, farrowing crates and 
infrared lamps. All dry sows and boars were fed on a 
diet that contained 25 % maize cob meal (13 % CP and 
9.6 MJ ME/kg). Lactating sows were fed 2 kg of 
commercial brood sow meal a day (16 % CP and 12.2 
MJ ME/kg) and an allowance of 0.5 kg for each piglet 

that it was nursing for five weeks. Body condition at 
farrowing and weaning were 2 and 3, respectively. All 
piglets were ear notched at birth for identification. No 
creep feeding of the piglets was practised. The piglets 
depended on their mother’s milk and the dry feeds for 
growth after day 21. Piglets fed from the same feeder as 
the sows. All pigs did not search for food from the 
surroundings. Feeding was done twice daily; at 0630 
and 1500 h. Drinking water was supplied ad libitum.  

Boars, sows, and growing pigs were housed 
separately in low-cost multi-purpose pens. Each litter 
was raised separately. Boars and lactating sows were 
penned singly. The dry sows were kept three in a pen. 
All the pens had concrete floors and the size of each 
pen was about 9 m2. The pens had roofs that extended 
the whole pen length and were well ventilated. All pens 
were cleaned daily. The walls were disinfected every 
two weeks against mange mites. No castration was 
practised. Piglets were weaned at 35 days (± 4 days).  

Data were collected between January 1998 and 
August 2003. A total of 431 litters, 350 from Mukota 
and 81 from Large White × Mukota crossbred piglets 
were evaluated. This comprised of 2467 and 640 
individual pig records of each of Mukota and Large 
White × Mukota crossbred piglets, respectively. Litter 
size and litter weight at birth were recorded. Litter traits 
recorded at three weeks were the number of piglets at 3 
weeks (LS21) and the litter weight (LW21) which was 
calculated as the sum individual piglet weight.  In a pig 
enterprise 3-week performance is preferred because it 
reduces costs of taking measurements daily and it is the 
time when active immunity starts to develop, thus pigs 
that survive this stage are likely to reach the weaning 
stage (35 days). At weaning, the number of piglets 
(LSW) and the litter weight (LWW) which was 
calculated as the sum of individual piglet weight were 
recorded. Pre-weaning mortality (PREWM), defined as 
the proportion of piglets that died to the number of live 
piglets at birth (NBA), was also computed for each 
litter.  

The average piglet weight at day 21 (AVW21) and 
average weight at weaning (AVWWT) were calculated 
by dividing LW21 and LWW with the total number of 
piglets, respectively. On individual weights of each 
piglet, the average daily gain from birth to day 21 
(ADG21), daily gain from day 21 to day 35 (ADG21-
35) and overall gain from birth to weaning (ADGWW) 
were calculated.  
 
Statistical analyses 

All traits were analysed using the PROC MIXED 
procedures (SAS, 2006). The effects of genotype of 
piglet, parity of sow, month of farrowing and sex of 
piglet on litter size, weights, growth rates and mortality 
of piglets were incorporated into the linear model for 
repeated measures. Sow was included as the random 



Chimonyo et al                                                                                                                      roavs, 2011, 1(6), 352-359. 
 

  354

effect.  Fixed models with all possible first-order 
interactions were assumed. Models for final analysis 
were obtained after eliminating interactions that were 
not statistically significant (P > 0.05). The final models 
assumed for LS21 and LSW (Model 1), LW21 (Model 
2), AVW21 (Model 3), ADG21 (Model 4), LWW 
(Model 5), AVWWT (Model 6), ADG21-35 and 
ADGWW (Model 7) and PREWM (Model 8) used were 
as follows: 
Model 1: Litter size at day 21 and day 35 
Yijkl = µ + Gi + Pj + Sk + (G × P)ij +  (G × S)ik + Tl + 
Eijkl; 
Model 2: Litter weight at day 21 
Yijklm = µ + Gi + Pj + Sk + Rl + (G × P)ij +  (G × S)ik + 
(G × R)il + Tm +  β1TBWT + Eijklm; 
Model 3: Average piglet weight at day 21 
Yijkl = µ + Gi + Pj + Sk + (G × P)ij + (G × S)ik +  Tl +  
β2AVBWT + Eijkl; 
Model 4: Average piglet daily gain from birth up to day 
21 
Yijklm = µ + Gi + Pj + Sk + Rl + (G × P)ij + (G × S)ik + (G 
× R)il + Tm +  β2AVBWT + Eijklm; 
Model 5: Litter weight at weaning 
Yijkl = µ + Gi + Pj + Sk + (G × P)ij + (G × S)ik + Tl + 
β3LSW + Eijkl; 
Model 6: Average piglet weight at weaning 
Yijkl = µ + Gi + Pj + Sk + (G × P)ij +   (G × S)ik + Tl + 
Eijkl; 
Model 7:  Average piglet daily gain up to weaning 
Yijkml = µ + Gi + Pj + Sk + Rl + (G × P)ij (G × S)ik + +  
Tm + β1TBWT + Eijklm; 
Model 8: Pre-weaning mortality 
Yijkl = µ + Gi + Pj + Sk + (G × P)ij + (G × S)ik + Tl + 
β3AVBWT + Eijkl; 
 
Where: 
Yijkl = an observation 
µ = overall mean response 
Gi = fixed effect of the ith piglet genotype (i= Mukota, 
Mukota × Large White) 
Pj = fixed effect of the jth parity of dam (j=1, 2, ... 8) 
Sk = fixed effect of the kth month of farrowing (k= Jan, 
Feb, ... Dec) 
Rl = fixed effect of sex of piglet (l= male, female) 
Tl = random effect of the sow 
(G × P)ij = genotype of the piglet × parity interaction 
 (G × S)ik = genotype of the piglet × month of farrowing 
(G × R)il = genotype of the piglet ×  fixed effect of sex 
of piglet 
β1 = partial linear regression coefficient of the 
dependent variable on total birth weight (TBWT) 
β2 = partial linear regression coefficient of the 
dependent variable on AVBWT 
β3 = partial linear regression coefficient of the 
dependent variable on LSW 
Eijkl = residual error. 

Results 
 

Table 1 shows summary statistics for the litter 
sizes, weights, growth rates and mortalities of piglets. 
The levels of significance of the fixed factors analysed 
for three-week and weaning performance are presented 
in Table 2. The month of farrowing, parity of sow and 
breed of sire did not affect litter sizes at three weeks. 
Genotype of sire and parity of sow did not affect 
number of piglets weaned. Litters that were farrowed 
during the cold months (between May, and August) had 
the lowest litter sizes at weaning (P<0.05).  

Both average daily gain from birth to three weeks 
and litter weight at three weeks were influenced by the 
genotype and sex of the piglet (P<0.05). In general, 
crossbred piglets gained body weight faster (P<0.05) 
than Mukota piglets up to three weeks of age (Table 3). 
The weight of the piglets at birth, which was 
incorporated into the model as a covariate, also 
significantly influenced the weight of the piglets at 
three weeks. Parity of sow had no influence on the 
weight traits at three weeks. However, TBWT and 
NBA, when incorporated into the model as covariates, 
significantly influenced litter weight at three weeks. As 
shown in Figure 1, month of farrowing influenced 
(P<0.05) both average daily gain from birth to three 
weeks and litter weight at three weeks.  

Genotype of sire and the parity of the sow 
influenced (P<0.05) litter weight at weaning. The litter 
size at weaning per sow, which was incorporated as a 
covariate, also affected (P<0.05) the litter weight at 
weaning. The month of farrowing had no effect on litter 
weight at weaning. At advanced parities, crossbred 
piglets had lower litter weight at weaning than purebred 
Mukota piglets. The average weaning weight for all the 
piglets was 5.8 kg. Genotype of sire and parity of sow 
affected (P<0.05) AVWWT (Table 4). Mukota piglets 
had higher AVWWT than crossbreds, which increased 
with parity (P<0.05; Table 4).  

As shown in Figure 2, month of farrowing affected 
(P<0.05) both litter weight at weaning and average 
weaning weight. The daily gain from three weeks to 
weaning and gain from birth to weaning was not 
significantly influenced by sex, parity and genotype of 
sire. Birth weight, which was incorporated as a 
covariate, influenced (P<0.05) daily gain from three 
weeks to weaning and gain from birth to weaning.  

Both parity of sow and month of farrowing 
affected (P<0.05) mortality. Genotype of sire, however, 
did not influence mortality from birth to weaning. The 
mean mortality rate in the herd was 0.19. Most piglets 
died in the colder months of the year (P<0.05). 
Mortality rates increased (P<0.05) up to the fifth parity 
and then tended to drop as parity increased. 
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Fig. 1: Least square means (± standard error) of body weight gain from birth to day 21 (A) and body weight 

at day 21 (B) based on month of farrowing 
 
Table 1: Summary statistics for the litter sizes, weights, growth rates and mortalities of piglets 

Trait  N Mean SD Minimum Maximum 
LSBR 434 7.1 2.29 1.0 12.0 
LS21 433 6.45 2.85 3.0 12.0 
LSW 433 6.20 2.56 1.0 11.0 
ALBW (kg) 433 0.8 0.23 0.4 1.5 
LWW (kg) 433 36.15 16.52 7.4 81.0 
ADG21 (kg/day) 3107 0.13 0.45 0.0 0.2 
ADGWW (kg/day) 3107 0.17 0.86 0.1 0.3 
ADG21-35 (kg) 3107 0.22 0.12 0.2 0.3 
AVWWT (kg) 433 5.86 1.38 2.7 9.0 
PREWM (%) 433 9.57 1.55 0.00 0.65 

Litter size at birth (LSB); Litter size at day 21 (LS21); number of pigs weaned (LSW); average litter weight at birth 
(ALBW); litter weight at weaning (LWW); Total weight (THRWT) at day 21 average weight at weaning 
(AVWWT); average daily gain from birth to day 21 (ADG21); daily gain from day 21 to day 35 (ADG21-35); gain 
from birth to weaning (ADGWW); pre-weaning mortality (PREWM) in piglets across the two genotypes 
N: sample size; SD: standard deviation. 
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Fig. 2: Least square means (± standard error) of the total weight (A) at weaning and average weight (B) at 

weaning based on month of farrowing 
 
Table 2: Significant levels of the factors and covariates included in the analyses 

 Main effects Interactions Covariates 
Variable G P S R G × S G × P G × R β1 β2 β3 β4 
LS21 ns ns ns - ns ns - * - - - 
LSW ns ns * - ns ns - * - - - 
LW21 ** ns * ns ns ns * * * - - 
LWW *** * ns - ns * - - - - * 
ADG21 *** ns * ns ns ns * - - * - 
ADG21-35 ns ns ns - ns ns - * - - - 
ADGWW ns ns ns ns ns ns ns * - - - 
AVW21 ** ns ns - - ns - - - * - 
AVWWT *** * * - ns * - * - - - 
PREWM ns * * - ns ns - - - ns - 

Abbreviations: LS21: number of pigs at day 21, LSW: number of piglets weaned, LW21: litter weight at day 21, 
LWW: litter weight at weaning, ADG21: average daily gain from birth to 21 days, ADG21-35: daily gain from day 
21 to day 35, ADGWW: gain from birth to weaning, AVW21: average weight day 21, AVWWT: average weaning 
weight, PREWM: pre-weaning mortality, G: genotype, P: parity, S: month of furrowing, R: sex of pig, β1: number 
born alive (NBA), β2: TBWT, β3: AVBWT, β4: LSW. *P<0.05, **P < 0.01 ***P < 0.001, ns: not significant, - not 
investigated. 
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Table 3:  Least square means (± standard error) of body weight gain (kg/day) from birth to day 21 (ADG21) 
and litter weight (kg) at day 21 (LW21) based on sex and genotype 

Genotype of sire N Sex ADG21 LW21 
Mukota 1237 Male 0.11 ± 0.026a 2.34 ± 0.256b 
Mukota 1230 Female 0.10 ± 0.029a 2.14 ± 0.215a 
Large White  340 Male 0.15 ± 0.045b 3.20 ± 0.245c 
Large White  300 Female 0.14 ± 0.041b 2.91 ± 0.262c 

abc Values with different superscripts within column are different (P<0.05).  
 
Table 4: Least square means (± standard error) of litter weight (kg) at weaning (LWW) and average weight 

(kg) at weaning (AVWWT) based on parity and breed of sire 
  Total weight at weaning  Average weight at weaning 
Parity  N* Mukota N* Large White  Mukota  Large White 
1 36 27.6 ± 3.39a 16 24.0 ± 3.43a  5.1 ± 0.36a  4.8 ± 0.38a 
2 48 32.1 ± 3.31a 15 24.2 ± 3.43a  5.6 ± 0.38a  4.9 ± 0.38a 
3 43 27.6 ± 3.39a 13 31.1 ± 4.19b  5.7 ± 0.38a  5.1 ± 0.41b 
4 44 32.1 ± 3.31a 10 34.1 ± 3.43b  6.0 ± 0.33a  5.2 ± 0.33b 
5 46 36.7 ± 3.39b 12 34.7 ± 4.14b  6.0 ±0.33ab  5.4 ± 0.42b 
6 43 38.9 ± 3.39b 13 38.7 ± 4.19b  6.2 ± 0.33b  5.7 ± 0.41b 
7 48 39.6 ± 3.21b 13 39.8 ± 4.19b  6.3 ± 0.40b  5.7 ± 0.34b 
8 38 56.3 ± 3.32c 12 44.7 ± 4.15c  8.3 ± 0.36c  6.6 ± 0.34c 
abc Values with different superscripts across rows and columns for a particular trait are different (P<0.05). N* was 
the same for LWW and AVWWT within each breed. 
 
Discussion 
 

The observation that no significant differences 
were detected in litter size at 3 weeks and at weaning 
across parities in both groups of Mukota sows suggests 
that parity effects are only important at birth (Mungate 
et al., 1999). Besides the number of pigs that are 
weaned, another important variable is the weight of the 
pigs. Mashatise et al. (2005) suggested that, in 
smallholder extensive production systems, piglet weight 
appears to be more important than the size of the litter, 
this is especially true for pigs with a very low BW 
(<0.9 kg). In other words, a sow that produces 
numerous weak piglets can lose them all. It is generally 
expected that litter sizes at weaning and body weights 
should be low during the cold months (between May, 
and August) (Gordon, 1997), since no infra-red lamps 
were used in this herd. In addition, pigs are expected to 
expend a lot of heat during the cold months to keep 
them warm. There is need to determine the heat 
retention and expenditure in local pigs.  

The observation that parity of sow did not 
influence the individual piglet weight at three weeks 
could suggest that mothering ability is not related to the 
age of the sow. More work needs to be done to evaluate 
mothering ability and determine the genetic 
contribution to this trait. The fact that crossbred piglets 
grew faster from birth up to three weeks, yet no 
genotype effects were observed between three and five 
weeks, was surprising and is difficult to explain. Few, if 
any, reports are available on the growth rates from three 

to five weeks in imported pigs in Zimbabwe and other 
countries in Southern Africa. The similarity in the 
overall growth rate from birth to weaning indicates the 
enhanced growth performance from three weeks, which 
tended to surpass their crossbred counterparts. 
Although the explanation is not clear, there is need to 
assess the growth patterns in Mukota pigs, using 
sensitive techniques, such as random regression models 
to evaluate the genetic determination of such traits.  

The overall body weight gain up to weaning was 
not different between the two genotypes could be 
explained two-fold. First, the Mukota piglets had 
enhanced performance. Secondly, the crossbred piglets 
could have lacked adequate amounts of nutrients to 
meet their fast growth requirements. The observation 
that the daily gain from three weeks to weaning was 
different between Mukota and crossbred piglets could 
suggest that it is a trait of economic importance in the 
genetic evaluation of pigs. 

The weight gains of the Mukota piglets before 
weaning are comparable to those reported for Meishan 
pigs (Haley et al., 1992). The same authors also 
reported the lack of sex influence on pre-weaning body 
weight gains. The growth rates before weaning obtained 
in this study revealed that Mukota piglets have rapid 
early growth but, perhaps, slow late growth rates. The 
observation that growth rate before three weeks of age 
was lower than growth rate after the third week 
suggests that these two phases could be treated as 
different traits in genetic evaluations. These results 
indicate that the Mukota increase rate of growth with 
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age, but the growth rate reaches the plateau early. This 
could partly explain the ability of piglets to withstand 
and survive draughts under extensive production 
systems.  

Mortality of piglets from birth to weaning is a 
factor of both mothering ability and level of 
management. The similar management of the pigs in 
this study means that the differences in piglet 
mortalities are due to month and sow effects. There was 
no influence on litter weight at weaning and average 
weaning weight. Such findings suggest that piglet 
mortalities before weaning were negligible in reducing 
the weight of the piglets per litter. The similarity in the 
mortalities between the two pig genotypes could 
suggest that the crossbred piglets can be used under 
low-level management conditions in which the 
purebred Mukota piglets are raised. High piglet 
mortality rates and low growth rates during the cool 
months of the year could be a cause for concern for 
smallholder farmers in Southern Africa. These 
observations agree with Mungate et al. (1999) and 
emphasise the notion that cold stress tends to be more 
influential in piglet performance than heat stress, as is 
normally the case in European and American 
production systems (Whittemore, 1993).  

The implications of findings in this study are two-
fold. The Mukota pigs are ideal under low input 
production systems, as they have low nutrient 
requirements and adapted to the local environmental 
conditions (Anderson, 2003). Mukota pigs could also 
be suitable for small-scale commercial pig production, 
since they have comparably high litter weights at 
weaning than crossbreds when both are fed poor 
roughage diets. To increase productivity for benefit of 
smallholder farmers, evaluation of adaptability traits in 
Mukota pigs is important.  

 
Conclusions 

The litter size of Mukota sows at day 21 and 35 
was not influenced by month of the year. Parity of sow 
and month had no influence on the piglet weight traits 
at three weeks. Although Mukota piglets had similar 
overall body weight gains to crossbred piglets, their 
weaning weights were high and increased with parity. 
Piglet mortality was generally low across genotypes, 
and tended to increase with parity. Since Mukota 
piglets had higher litter weights at weaning than 
crossbreds, they could be suitable for both low and 
medium input production systems.  
 
Acknowledgements 

We thank the University of Zimbabwe Research 
Board and the Faculty of Veterinary Science for the 
financial support and the staff of the University of 
Zimbabwe Research Unit for looking after the pigs. The 
Pig Industry Board, Zimbabwe provided the Large 
White boars. 

References 
 
Anderson, S. 2003. Animal genetic resources and 

sustainable livelihoods. Ecological Ecomics, 45: 
331-339. 

Chimonyo, M., Kanengoni, A.T. and Dzama, K. 2001. 
Influence of maize cob inclusion level in pig diets 
on growth performance and carcass traits of 
Mukota × Large White F1 crossbred male pigs. 
Asian-Australian Journal of Animal Science, 14: 
1724-1727. 

Chimonyo, M., Dzama, K and Mapiye, C. 2010. 
Growth performance and carcass characteristics of 
indigenous Mukota pigs of Zimbabwe. Tropical 
Animal Health and Production, 42 (5): 1001-1007.  

Chimonyo, M., Dzama, K. and Bhebhe, E. 2006. 
Genetic determination of individual birth weight, 
litter weight and litter size in Mukota pigs. 
Livestock Science, 105: 69-77. 

FAO, 2004. Country report on the state of the world’s 
animal genetic resources. Pp: 1-40. 
http://www.fao.org/AG/AGAInfo/programmes/en/
genetics/documents/Interlaken/countryreports/Zim
babwe.pdf. 

 Gordon, I. 1997. Controlled reproduction in pigs. CAB 
International, Wallingford, United Kingdom. 

Haley, C.S., d’Agaro, E. and Ellis, M. 1992. Genetic 
components of growth and ultrasonic fat depth 
traits in the Meishan and Large White pigs and 
their reciprocal crosses. Animal Production, 54: 
105-115. 

Hudson, R. and Trillmich, F. 2008. Sibling competition 
and cooperation in mammals: challenges, 
developments and prospects. Behavioural Ecology 
and Socio-biology, 62(3): 299-307. 

Kanengoni, A.T., Dzama, K., Chimonyo, M., Kusina, J. 
and Maswaure, S.M. 2004. Growth performance 
and carcass traits of Large White, Mukota and their 
F1 crosses fed on graded levels of maize cobs. 
Animal Science, 78: 61–66. 

Maburutse, Z.A. 1992. Crossbreeding for weaner pig 
production in Zimbabwe. MSc Thesis, University 
of Zimbabwe, Harare, Zimbabwe.  

Mashatise, E., Hamudikuwanda, H., Dzama, K., 
Chimonyo, M. and Kanengoni, A. 2005. Socio-
economic roles, traditional management systems 
and reproductive patterns of Mukota pigs in semi-
arid North-Eastern Zimbabwe. Bunda Journal of 
Agriculture, Environmental Science and 
Technology, 3: 97-105.  

Mungate, F., Dzama, K., Mandisodza, K. and Shoniwa, 
A. 1999. Some non-genetic factors affecting 
commercial pig production in Zimbabwe. South 
African Journal of Animal Science, 29: 164-173. 

Ncube, M., Dzama, K., Chimonyo M. and Kanengoni, 
A. 2003. Effect of boar genotype on reproductive 



Chimonyo et al                                                                                                                      roavs, 2011, 1(6), 352-359. 
 

  359

performance of the local sows of Zimbabwe. 
Livestock Research for Rural Development, 15 (2).  

SAS, 2006. SAS Language guide for Personal 
Computers, Release 6.03 Edition. SAS Institute 
Inc, Cary, North Carolina, USA.  

Scherf, B.D. 1990. Effects of improved management 
practices on traditional smallholder pig production 
in Zimbabwe. Research report, Department of 
Research and Specialist Services, Ministry of 
Agriculture, Zimbabwe. 

Whittemore, C. 1993. The science and practice of pig 
production. Longman Scientific and Technical, 
Essex, England. 

Zanga J., Chimonyo, M., Kanengon, A., Dzama, K. and 
Mukaratirwa, S. 2003. A comparison of the 
susceptibility of growing Mukota and Large White 
pig genotypes to infection with Ascaris suum. 
Veterinary Research and Communications, 27: 
653–660.

 


