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ABSTRACT

This study was carried out in Singa and Um-Benein localities. The first objective of this study
was estimating the parameter of growth curve using Brody’s non-linear functions. And the
second objective was estimating the effect of sex and type of birth on the growth curve
parameters of Watish lambs. And the third objective was the estimation of heritability of growth
curve parameters as well as estimation of genetic and phenotypic correlations among these
parameters. A total number of 113 heads (N = 52 male and 61 females) of Watish lambs born to
65 ewes. This study was carried out during the breeding years 2021 and 2022 for this study. Each
lamb consisted of lamb identification number (ID), dam ID, sire ID, approximate date of birth,
sex of lamb, type of birth (single or twin), monthly body weight from day 1 and every 30 days up
to 360 days of age. Non-linear (NLIN) procedure of SAS, was used to fit brody’s functions and
to estimate the growth curve parameters. The A, B, K growth curve parameters which were
asymptotic mature weight, proportion of weight gained after birth and weight gain per live
weight per day respectively. These parameters were analyzed using model2 cross-classified non-
interacting random sire effect and two other fixed effects, namely sex and type of birth and a
random residual effect. The overall mean values of growth curve parameters A, B and K were
31.55kg, 0.88 and 0.51x1072, respectively. Effect of sex on parameter curve of watish lambs had
a highly significant effect on K parameter (P<0.01). Heritability for A, B and K parameters was
0.61, 0.00 and 0.12, respectively. These heritabilities were high for A and low for K and non-
estimable for B. Estimates of genetic correlation between growth curve parameters AxK and
BxK were -0.29 and -0.68, respectively. They considered low for the former parameter and high
for the latter. The phenotypic correlations between growth curve parameters AxB and AxK were
0.80 and -0.53, respectively. These correlations were both considered high with one negative

value.
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INTRODUCTION

Sudan has one of the largest livestock populations in Africa, with variations in climatic
conditions, vegetation, soil types and animals (Elnagi, 2014). Livestock plays an important role
in food production and represents great socio-economic and cultural values in various societies;
Animal production is an important sector in Sudan due to the high population, wide distribution
and socio-economic impacts (Abdallah, 2019). Livestock is raised in almost all parts of the
country; livestock population was estimated at about 109.9 million heads, comprising about 31.8
million cattle, 41 million sheep, 32.2 million goats and 4.9 million camels. Pastoralists efficiently
use natural resources, moving herds around the country in response to weather conditions and
availability of forage (MAREF, 2020).

Watish sheep are found in the area between Sinnar and Elrank and they are considered as the best
Desert sheep adapted to clay soil (Devendra and Mc Leroy, 1982). Three colour groups have
been recognized namely fawn, red, and white with light spotting (Mc Leroy, 1961). Watish are
hardy sheep and live under relatively high rainfall conditions between latitudes 10° and 11° N
and mainly found along the Blue Nile, south of Wad Medani into the Fung area. They are mainly
owned by nomadic and semi-nomadic tribes including Kenana, Rufaa El Hoy and Beni-Meharib.
Watish dams had the lowest weights at first conception, first parturition and weaning after first
parturition, but their weight did not drop during the lactation period as Ashgar and Dubasi
ecotypes (Sulieman et al., 1990).

Growth is a biological phenomenon that can be interpreted mathematically. It’s an economically
important trait of farm animals. It is a time (age) dependent. Change is manifested in the weight
or size of organ, composition of tissue and/or organ, size of cell and number as well as in live
weight (Eisen, 1976). Growth curves have many uses in farm animals. These curves have been
used to estimate mature body weight and the increase in live weight in goat and sheep by many
research workers (Nasholm and Danell, 1990., Nasholm, 1990., Jenkins and Leymaster, 1993
and Kor et al., 20006).

The Brody’s model was the best non-linear function that described the biological growth pattern
of male, female, single, twin, and triplet lambs (Ali et al., 2020). In the Sudan no work has been

done in specifying growth curve of local breeds using non-liner model. Estimation of the



parameters of growth curve will pave the way to genetic improvement of Watish sheep using the
pre-mentioned parameters. This study aims to estimate growth curve of Watish lambs in Sinnar
state, Sudan with the following specific objectives to estimate:

1) The parameters of growth curve of Watish lambs using Brody’s non-linear function.

2) The effect of lamb sex and type of birth on parameters of growth curve.

3) The heritability of the growth curve parameters, and the genetic and phenotypic

correlation among these parameters.

MATERIALS AND METHODS
Study area

This study was carried out in Singa and Um-Benein localities of Sinnar State which is located in
the furthest south east corner of the country, occupying the area between latitudes 12.5° and 14°
N and longitudes 32.43° and 32.85° E, bordering Gezira state from the North, Blue Nile State
from the South, Gedarif State from the East and Ethiopian boarders from the East and White Nile
state and South Sudan boarders from the West (Figure 1). Singa city, the capital of Sinnar state
which is located about 351 km south of Khartoum. It lies approximately between latitude
12.69°N- 13 46°N and longitude 33.11°E- 33.65°E and it is located on the west bank of the Blue
Nile

Topography

The climate of Sinnar State varies from poor Savanna in the northern part to rich woodland
Savanna in the Southern part of state. Metrological data showed that the average annual rainfall
in the study area ranged between 300 to 800 mm with a dry season from November to April. The
soil of the area resulted from the alluvial action of the Blue Nile, and it is a heavy clay cracking
soil of the Vertisol type (Abdalla, 2020).

The state is flat in most of its parts with exception of scattered elevation. The area is
characterized by the presence of various soil types, the most important being the southern central
clay plain.

The vegetation cover varies in amount and distribution of rains, soil type and elevation above sea

level.



Figurel. The location and localities of Sinnar state, Sudan. Source (ARC, 2017)

Data collected

The data consisted of 113 lambs born from 65 ewes and two rams. The distribution of these
lambs according to sex and type of birth subclass is shown in Table 1. The lambs were ear-
tagged immediately after birth, then monthly weights were taken from birth to 12 months of age

(in days) using a digital scale, with (52) records of male and (61) of female animals.

Table 1. Distribution of number of Watish lambs by sex x type of birth

Male Female Total
Single 13 3 16
Twin 39 58 97
Total 52 61 113

Statistical analysis

The following Brody’s function (1945) was used to estimate the parameters of growth curve for
each animal:

Y= A (1-Be’™) + &



Where:

Y. = weight (kg) at t" days of age.

A= asymptotic mature weight i.e. weight when age (t) approaches infinity.
B= proportion of mature weight gained after birth.

K= maturing rate (kg gain per kg live weight per day).

E= Napier’s base for natural logarithm.

t=age of lamb in days.

€= random residual error term of t™

age.

The above-mentioned Brody’s function was fitted to weight (kg) — age (days) data of each lamb
using nonlinear (NLIN) procedures of the statistical analysis system (SAS, 2000). Stop The
estimated growth curve parameters (A, B and K) were analyzed by least squares procedure using
model 2 that contained cross-classified non-interacting random sire effect and fixed effects of
sex (male and female) and type of birth (single and twin) on Watish sheep lambs (Harvey, 1988).
Furthermore, heritability, product-moment genetic and phenotypic correlations of growth curve

parameters were also computed using Maximum Likelihood Procedure of Harvey Least Square

and Maximum Likelihood Computer Program (1988).

RESULTS AND DISCUSSION

Overall means of growth curve parameters

The results of the analysis of variance and least square means for the different parameters of the
growth curve are shown in Table (2). The overall means of the asymptotic mature weight (A) of
(31.55kg) is heavier than (29.1kg) which was reported by Waheed et a/, (2011) in Beetal goats
and also heavier than (26.033kg) cited by Gautam et al, (2018) in Sonadi Sheep using Brody’s
function. However, the value reported in the current study is lower than (42.75kg) noted by Ali
et al., (2020) in Kajli sheep and (37.6kg) which was mentioned by Abegaz et al, (2010) in Horro
sheep, A point to mention here is that both of these contrasting studies used Brody’s function
also.

The overall mean of the proportion of weight gained after birth (B) in the current study was 0.88.
This result in agreement with those mentioned by Abegaz et al. (2010) in Horro sheep (0.88),
Gautam et al, (2018) in Sonadi Sheep (0.872) and Ali et al. (2020) in Kajli sheep (0.891).
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Table 2. Analysis of variance for parameters of growth curve of Watish lambs

Source Total A B K
variation | number LSM SE LSM SE LSM SE
sex
Male 52 33.17 43 0.87 0.006 0.0062 0.002
Female 61 30.99 4.4 0.88 0.007 0.0029 0.002
L.S ns ns roH
Type of
birth
Single 16 32.7 4.9 0.87 0.10 0.004 0.002
Twin 97 31.5 4.1 0.88 0.04 0.006 0.001
L.S ns ns ns
Overall 113 31.55 1.04 0.88 0.039 0.0051 0.007
mean

LSM= least square mean, SE= standard error of mean, L.S= level of significance, ns= not

significant, **=P<0.01.

A noteworthy point is that Waheed ef al. (2011) reported a slightly higher estimate parameter B
(0.916) using Brody’s function in Beetal goats.

The overall mean of the parameter K obtained in the current study (0.51-10%) is higher than the
results of Abegaz et al, (2010) in Horro sheep, Gautam et al. (2018) in Sonadi Sheep, Ali et al.,
(2020) in Kajli sheep and Waheed et al. (2011) in Beetal goat who reported K values of
0.27x10%, 0.16 x102, 0.39-10 and 0.11x10% kg, respectively. According to Gbangboche,
(2007) the Brody’s function was the most suitable model for drawing growth curve of male and

female growth curve and also appropriate for drawing different age groups together.

Effect of sex

The results in Table 2 show that sex of watish lamb had a non-significant effect on both growth
curve parameters A and B but it had a highly significant effect (P<0.01) on parameter K. This
result shows that the maturing rate (K) of the males (0.0062) is greater than that of the females

(0.0029). The growth curve of the males and females predicted by Brody’s function are drawn on
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Fig 2. However, these results did not agree with those of Abegaz et al. (2010) who used Brody’s
function on growth curve of Horro sheep and found that the effect of sex on parameters of
growth curve were highly significant (P<0.01) on parameters A and B but it was not significant
on K. Also Ali et al. (2018) using Brody’s function on growth curve of Arabian Tahr found sex
of kid had a significant effect (P<0.05) on parameter A and B but not significant on K.
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Figure 2. Effect of sex on growth curve of Watish lambs from first to twelve months of age

Effect of type of birth

The results in Table 2 show that the type of birth of Watish sheep lambs had a non-significant
effect on all parameters A, B and K. The result of this study agree with the finding of Abegaz et
al. (2010) who reported that type of birth had a non-significant effect on parameter A and Kin
Horro sheep using Brody’s function. In the current study, type of birth of Watish lambs had a
non-significant effect on parameters B. This result disagree with the finding reported by Abegaz
et al. (2010) who mentioned that type of birth had a significant effect on parameter B in Horro
sheep.



Heritability

Heritability in a broad sense (A?) is defined as the proportion of phenotypic variance that is due
to genetic diversity. Correlations quantify the levels of linkage and pleiotropy existing among
genetic loci determining the performances of two different traits (Mekuriaw and Haile, 2014).
The heritability of parameters A and K were 0.61 and 0.12 respectively (Table 3). This
heritability was high for A and low for K. The heritability estimate of asymptotic mature weight
(0.61) was higher than the sheep values of 0.29, 0.29 and 39 which were reported by Abegaz et
al. (2010) in Horro sheep, Waheed et al. (2011) in Beetal goats and Ghavi, (2015) in Guilan
sheep, respectively.

The heritability of estimate of the rate of growth parameter (K) was 0.12 in the current study.
This value was almost similar to that reported by Waheed, et al. (2011) who estimated a
heritability of predicted rate of growth (k) of 0.108 applying Brody’s function on weight of
lambs. The heritability of parameter estimate of K (0.12) obtained in the current study was
higher than the value of 0.039 reported by Ghavi, (2015) in Guilan sheep but it was lower than
the value of 0.14 which was reported by Abegaz et al. (2010) in Horro sheep.

It is noticeable in this study that the heritability of the parameter of proportion of mature weight
attained after birth (B) was not estimable and this may be due to diminishing or little genetic
variability coupled with small number of rams.

Genetic correlation

The genetic correlation between the asymptotic mature weight x kg gain per kg live weight per
day (A x K) and proportion of weight gained after birth x kg gain per kg live weight per day (B
x K) was -0.29 and -0.68, respectively (Table 3). These genetic correlations were both negative
but the former was low and the latter was high correlation.

The genetic correlation between the parameter AxK in the current study was higher than the
estimate of Abegaz et al. (2010) in Horro sheep (-0.07). Bathaei and Leroy (1998) working on
Mehraban Iranian fat-tailed sheep, estimated genetic correlation among growth curve parameters
of 0.03, -0.07 and -0.12 for AxB, AxK and BxK, respectively. On the other hand, Mavrogenis
and Constantinou, (1990) reported higher estimates of these correlations in values of 0.25, —0.40

and 0.55, respectively.



Table 3. Heritabilities and genetic and phenotypic correlations of some growth curve

parameter using Brody’s function’

Source A B K
A 0.61 0.00 -0.29
B 0.80 0.00 -0.68
K -0.53 0.00 0.12

"Heritability on the diagonal, genetic correlations are above the diagonal and phenotypic
correlations are below the diagonal, parameter A=asymptotic mature weight, B= proportion of
weight gained after birth, K= kg gain per kg live weight per day. Heritability and genetic and

phenotypic correlations pertaining to parameter B were not estimable.

Phenotypic correlation

The phenotypic correlation between AxB and AXK were 0.80 and -0.53, respectively. These
correlations are both considered high with one negative value (Table3). Specifically, the former
phenotypic correlation (0.8) between AxB was higher than that reported by Abegaz et al. (2010)
of Horro sheep (0.04) and also higher than that (0.23) of Mavrogenis and Constantinou, (1990)
using Brody’s function on growth curve in Chios sheep.

The phenotypic correlation between A x K (-0.53) was higher than that reported by Abegaz et al.
(2010) of Horro sheep (-0.36) and in absolute term it was higher than that (0.33) reported by

Mavrogenis and Constantinou, (1990) in Horro sheep.

CONCLUSION AND RECOMMENDATIONS
The parameter of growth curve of Watish lambs A, B and K were 31.55kg, 0.88 and 0.51x1072,
respectively. These parameters were estimated using Brody’s function. Males had significantly
higher K values (0.0062) than females (0.0029). The type of birth had non-significant effect on
all the parameters of growth curve. The heritability of parameter A was high (0.61) while that of
K was low (0.12). The high heritability of parameter A could be a useful tool in developing
selection indices for improvement purposes. The genetic correlation between A x K and B x K
were -0.29 and -0.68. The phenotypic correlation between A x B and A x Kwere 0.80 and -0.53.

The Brody function was an easy tool in describing growth curve of small ruminants.



Based on findings of this study the following recommendations are made:
1- Comparative study contrasting Brody’s function against other linear and non-linear
function on parameters of Watish growth curve using more data set.
2- A study comparing growth curve of different breeds of sheep using the model with the

best fit as achieved above using more data set.
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