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ABSTRACT 

A total of 431 young Matebele goats at Matopos Research Station (Zimbabwe), 180 females and 

251 males were used in a weight study. In this paper growth models are used to estimate weight 

changes, compare growth rates between males and females and also determine the percentage 

drop in growth rates at time to start supplementation. Monthly weights were recorded for a 

period of 18 months. The Gompertz and the Logistic growth models were used to estimate 

percentage weight changes and the growth rates from birth to 18 months for the period from 

1990 to 1999. The year had no significant effect on the average monthly gain. However, the sex 

of the kid had a significant effect on the average monthly gain. The General statistical package 

(Genstat) was used in the estimation of model parameters and these parameters were further 

used to calculate monthly gains by means of differentiation of the growth equation. The critical 

time to start supplementation is at 10 months of age when growth rates start to decrease by 10% 

for both males and females. The mature weights were estimated from 25 to 30kg, this was 

determined by the asymptotic values of the fitted curves. 
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INTRODUCTION  

Goats play a vital role in the livelihoods of small-scale farmers in developing countries. There 

are 5.5 million cattle, 2.4 million goats, 400,000 sheep and 175,000 pigs in Zimbabwe. Therefore 

the second most numerous livestock species are goats. Approximately 99% of the goat 

population is found in communal areas. Unlike cattle, goats do not contribute to cropping 

systems and farmers are more willing to dispose of them than cattle (Ndlovu, 1990).  They 

contribute to food security and can alleviate seasonal food variability and availability, directly 

through milk and meat production and indirectly through cash earned from the sale of their 

products. In semi-arid areas goats have comparative advantages over cattle. Since they are more 

resistant to drought, they utilize a wider diversity of plants and their higher reproductive rate 

allows population to recover quickly. As browsers they use different vegetation than cattle and 

thus allow farmers to make more efficient use of the available natural resources (Homann, et al., 

2007). 
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Goat feeding is the most important element in goat rearing. Problems that farmers face with 

supplying appropriate feed to their goats include: 

(i) The amounts and types of feed available vary between seasons and in different years for 

example in the dry season and during drought only small amounts of poor quality 

feed may be available. 

(ii) The time at which supplementary feeding can be implemented and when it should be 

stopped. 

 

Research has shown that kids born during the rainy season (from December to April), show good 

health and survivability because of the high feed quality and quantity (Kindness et al., 1999). 

Particular attention has not been given as to how the dry and wet seasons vary according to age 

and weight of goats. The present study aims at characterizing the growth model of young 

Matabele goats raised under rangeland conditions of Matabeleland South. Such characterization 

will help in herd management and to prevent high mortality rate during dry seasons. 

 

BACKGROUND OF STUDY 

According to Agrisystems, (2000) livestock sector contributed about 25% of the total value of 

the agricultural output in 1999 and out of this the communal areas contributed more than 50%. 

Recent changes in Zimbabwe’s land tenure policies have resulted in the dramatic decline of the 

country’s agricultural capacity and low outputs of the livestock sector. With the demise of the 

commercial sector much of the public and private support services and input supplies are 

weakened. Shortages and price escalations of farming inputs have added to the hardships for the 

small-scale sector (Homann et al., 2007). However in these challenging times opportunities do 

arise. Commercial goat production has become an attractive opportunity in the semi-arid areas of 

Zimbabwe (Homann et al., 2007). The reduction of the commercial herd from 1996 to 2004 led 

to higher beef prices and stimulated consumers to substitute it with goat meat (Sibanda, 2005). In 

the process the retail price of goat meat in urban areas has increased to a level comparable to that 

of beef. 

 

METHODOLOGY 

Data (goat weights) were collected from 431 young Matebele goats at Matopos Research station. 

180 females and 251 males were considered for 18 months during the period 1990 to 1999. 

Thereafter S-Growth Models were employed in the analysis. 

 S-Growth Models 

Forecasting by growth curves involves fitting a growth curve to a set of data on technological 

performance, then extrapolating the growth curve beyond the range of the data to obtain an 

estimate of future performance.  

 

Assumptions of the growth curves in this study: 

1. The upper limit to the growth curve is known. 

2. The chosen growth curve to be fitted to the historical data is the correct one. 

3. The historical data gives the coefficients of the chosen growth curve formula correctly.  
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An example of an S-Growth model is shown in Fig 1 below. 

 
 

Figure 1: A typical growth curve 

 

The lower asymptote is the starting level and the upper asymptote is the mature level. The point 

of inflection is the point of maximum growth. 

 

 Logistic curve (Richard’s curve) 

The generalized logistic (or Richard’s) curve is a widely used and flexible function for growth 

modeling.  

 

 

 

 

Where  

Y= weight 

X = time. (Age) 

A: - controls the lower asymptote,  

C: - controls the upper asymptote, 

M: - controls the time of maximum growth,  

B: - controls the growth rate, and  

T: - controls maximum growth nearer the lower or upper asymptote. 

 

Pearl curve 

Raymond Pearl formulated the logistic curve, it is also known as the Pearl curve. 

The standard Pearl curve: 
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C is the upper limit to the growth of the variable y, 

e is the base of the natural logarithms,  

X is time, and  

M and B are the coefficients obtained by fitting the curve to the data. 

 

The properties of the Pearl curve are 

1. The initial value is zero as X (time) →- and a value of C as X→ +. 

2. If the initial value is not zero, the initial value can be added as a constant to 

the above formula.  

3. The curve is symmetrical about a point such that the upper half is a reflection 

of the lower half. 

The shape and location of the Pearl curve can be controlled independently. Changes in the 

coefficient M affect the location only, they do not alter the shape. Changes in the coefficient B 

affect the shape only, they do not alter the location.  

 

The average daily gain (ADG) is given by differentiating the weight y with respect to time. The 

growth rate is given by 

 

 

 

  

The revised Pearl curve: 

 

 

 

Here again, L is the upper limit of the variable y, and t is the time. The coefficients A and B 

control the location and shape of the Pearl curve, respectively. Linearising the pearl curve results 

in the following transformation: 

 

 

 

Which is an equation of a straight line. 

 

 Gompertz curve 

The Gompertz curve was named after Benjamin Gompertz, an English actuary and 

mathematician. 

The standard Gompertz curve:   
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        MXBEXPBMXBEXPEXPC
dt

dy
 ****

Where: 

Y is the variable representing performance 

C is the upper limit, 

EXP  is the base of the natural logarithms,  

X is time, 

B and M are the coefficients obtained by fitting the curve to the data and 

A is the error term. 

 

Properties of the Gompertz curve 

Like the Pearl curve, the initial value is zero as X (time) →- and a value of C as X (time) 

→+. The curve is not symmetrical. The inflection point occurs at X = (ln B)/k when y=C/e. By 

taking the logarithm of the Gompertz curve twice, we obtain 

 

 

 

 

When Y is regressed on t, the constant term is ln(B) and the slope term is M. 

Differentiating Y with respect to time we obtain the growth rate thus average daily gain (ADG). 

 

 

 

RESULTS AND DISCUSSION 

 Growth Curves 

 

 
Figure 2: Monthly weight change for the year 1994 
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The growth curves of 1995 had a similar shape as the growth curve of 1994 in Fig 2 above. From 

the graph the male growth rate from birth was higher than the female and there was a sudden 

decrease in the third month which is the weaning weight. Weaning can be a very stressful period 

in the young goats life, and is often characterized by slowing, stoppage of growth, or sometimes 

even loss of weight gain. This is referred to as weaning shock. The level or degree of shock 

depends on the age and weight of the kids as well as the feeding programme before weaning. The 

male kids are observed to be more susceptible to weaning shock than females (Obrien and Anita, 

1998). The decrease in weight gain of the male goats may especially be due to the castration and 

weaning stress they experienced. A similar asymptote was reached by both males and females 

which is slightly below 25kg. The Gompertz and the logistic growth models had similar curves 

also. 

 

 
 

 

Figure 3: Monthly weight change for the year 1991 
 

 

The years 1990 and 1991 had an upper asymptote slightly above 25kg and had similar growth 

curves for both Gompertz and logistic curves. The females had a higher growth rate as compared 

to males. The growth rate of females is greater than that of males from the growth curve as 

observed in the 1994 growth curve. 
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Figure 4: Monthly weight changes for the year 1992 

 

 

Growth curves for 1992 and 1993 were similar with upper asymptote slightly less than 25kg. 

Since 1992 was declared a drought year, some goats in 1993 were born in 1992 thus the 

similarity of the growth curves for the two years. It shows that the drought of the previous year 

had effects on the year that followed. The males had a higher birth weight and growth rate for the 

first five months. The growth rate was slower for both males and females after five months till 

the goats reached maturity. The phenomenon of compensatory growth has been known for long, 

whereby the depression of growth due to some stress may be compensated in whole or in part 

when the stress is removed. This ability plays a major role in modifying the various stressful 

effects on growth as imposed by the environment (Charles, 2007). Charles observed that levels 

of stress are sufficient to produce permanent stunting as well as slower growth rates as shown by 

the graph in the drought year 1992 and 1993. Charles (1985) suggested that there may be some 

interaction between the stage of growth experiencing stress and the subsequent pattern of 

compensatory growth. 
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 Model Fitting 

Table 1. Logistic and Gompertz Results 

 

 logistic Logistic   Gompertz   

year R
2
 Standard 

error 

Variance 

ratio-

value 

R
2
 Standar

d error 

Varianc

e ratio-

value 

1990 94.2 1.41 138.53 94.2 1.41 136.45 

1991 94.8 1.40 152.67 94.7 1.40 151.33 

1992 93.9 1.11 129.9 93.9 1.11 130.11 

1993 80.8 1.95 36.02 80.8 1.94 36.03 

1994 90.7 1.50 82.28 90.7 1.50 82.31 

1995 89.6 1.14 41.36 89.6 1.14 41.32 

1996 83.6 1.18 35.04 83.6 1.18 35.08 

1997 89.8 1.27 47.79 89.3 1.30 45.03 

1998 83.7 1.42 38.67 83.8 1.42 38.18 

1999 85.4 2.00 28.27 89.1 1.73 39.18 

 

The Gompertz and the logistic growth models have similar R
2 

values, standard errors and 

variance ratio (v.r) values for the overall model. Therefore the 1991 Gompertz growth model 

with the highest R
2 

value, a low standard error and a high F-value (variance ratio) will be used in 

the estimation of weight from birth to 18 months. The parameter values for the chosen overall 

model are given below. 

 

Table 2 Parameters for the selected Gompertz model 

B M C A C+A (Asymptote) 

0.313 2.11 25.1 2.4 27.5 

 

Table 3: Model Separated by Sex 

MODEL PARAMETERS 

R
2
 Standard 

error 

v.r-

value 

year SEX B M C A 

98.1 0.604 190.39 1993 FEMALE 0.362 -10 839 -816 

98.1 0.604 190.39 1993 MALE 0.304 -5.2 92 -71 

 

The Gompertz growth model with a higher R
2
 value and a low standard error was chosen in the 

estimation of weights for young Matabele goats for separated sexes. For a given flock we use the 

Gompertz growth model with parameters given in table 3 above to estimate the growth of a given 

goat of a particular sex at a given time.  
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 Estimation of average monthly gain per kilogram 

We obtain the average monthly gain per kg by differentiating the Gompertz growth model once. 

The parameters used are the parameters of the Gompertz growth model chosen above for 

separated sexes. 

 

Table 4: Differences of the average monthly weights  

 Average monthly gain (kg/month) 

Time (month) Female  Male  

3 2.598 2.088 

6 1.031 0.590 

9 0.464 0.251 

12 0.245 0.109 

15 0.149 0.052 

18 0.101 0.029 

Total  0.765 0.5207 

 

Table 4 above shows that for the first 3months the female and male goats gain at an average of 

2.598kg per month and 2.088kg per month respectively. It is always expected that the males 

grow faster than the females but in this research the opposite is observed. The low growth rates 

of males may be due to the stresses that they experience during castration since some of the male 

goats under study were castrated and some were not castrated. The high growth rates of the 

female goats towards maturity age may be due to the fact that some of the does were pregnant. 

Since as they grow they reach the reproductive age chances are high that some of them were 

pregnant as they were not excluded from the sample when they got pregnant. Mating in this flock 

was not controlled. 

 
Figure 5: Average monthly decrease in goat weight 
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The graph above shows a decrease in the average monthly gain of goats. It is expected for 

growing animals to decrease in average monthly weights until they reach maturity weight which 

is the asymptote. The most critical point of deflection is at 10 months for both female and male 

goats. It is therefore critical to give goats supplementary feeding during this point so as to 

improve growth rate and maturity weight. This is also important for the does to improve on their 

growth rate so as to prepare them for reproduction. A healthy doe produces a healthy kid hence it 

is critical to monitor the doe’s growth rate to increase production. This will also increase milk 

production for kids and human consumption. For the castrated male goats it is critical to monitor 

their growth so as to improve their maturity weight. Since prizing of goats is charged per kg of 

the live weight the castrated male goats used for meat production can be supplemented at the 

critical point to attain a competitive weight. 

 

Table 5: The percentage weight gains  

Time (months) Percentage weight changes (%) 

Female Males 

1 556 365 

2 389 280 

3 272 212 

4 190 160 

5 132 120 

6 92 90 

7 64 67 

8 45 50 

9 31 37 

10 21 27 

11 15 20 

12 10 15 

13 7 11 

14 5 8 

15 4 6 

16 3 4 

17 2 3 

18 1 2 

 

CONCLUSIONS 

Although there are still large gaps in young goat nutrition, sufficient data is available to enable 

producers to do a good job in feeding and raising young goats. With the on station research as 

the guide line, more on–farm adaptive research is necessary. On farm adaptive research is 

essential because it assesses the growth rates of goats within the context of the communal 

farming system. Such research will take into account the limited grazing resources available, the 

prevailing land tenure system, and the financial status and management systems in the communal 

set up. Using the results shown by the Gompertz curve fitted, this study demonstrates that 
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supplementation for young Matebele goats is critical when the kid attains 10 months of age. It 

also indicated that females have a higher growth rate than males as females are less affected by 

stress which is normally a result of castration and weaning (when kids are separated from their 

mothers/does). The results also showed that the growth rates drop by 10% for both the females 

and males from the previous months before the supplementation is started at 10 months. It can be 

concluded that age is a key variable using the Gompertz to estimate the weight changes of the 

young Matebele goats. 

 

 RECOMMENDATIONS 

1. The most critical point of deflection is at 10 months for both female and male goats. It is 

therefore critical to supplement them during this point so as to improve the growth rate of 

the goats and its maturity weight. Thus farmers are recommended to give goats 

supplementary feeding at 10 months especially during drought years. If farmers have no 

money to buy commercial feed they can resort the use of indigenous feeds like acacia 

which have proven to increase the growth rate (Sikosana et al., 2007). 

2. It is critical to supplement female kids to improve on their growth rate so as to prepare 

them for reproduction. A healthy female does produces a healthy kid hence it is critical to 

monitor the doe’s growth rate to increase production. This will also increase milk 

production for kids (young goats) and human consumption. 

3. For the castrated male goats it is critical to monitor their growth so as to improve their 

maturity weight. Castrated male goats used for meat production can be supplemented at 

the critical point (10 months) to attain a competitive maturity weight. 
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