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Environmental and Genetic Causes of Variation in Growth
Patterns of Najdi She¢ep from Birth to Maturity

M. A Abouheif
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King Saud Univer:ity, Riyadh, Saudi Arabia

Ahbstract. Data on 23 males and 21 females were analyzed to evaluate the effects of month of birth, age
of dam, age of animal and sex on growth pattern; of various body characters of Najdi sheep. Body charac-
ters used for analysis were body weight, body length, height at withers and chest girth taken at 3 monthly
intervals from birth up to 36-month of age. Resu ts showed that month of birth was a significant (P < (1.01)
source of variation for various body characters 1p to 9-month of age. The effects of age of dam and age
of animal within each interval, were significant | P < 0.01) on all body characters at birth and at 3-month
of age. At 6-manth of age, sex showed significan effects on all body characters except for the bady length.
Thereafter, the males became longer (P < 0.01) than females at 12-month of age.

Fitting Brody’s equation to a least-squares mean weight and to the actual observed mean weight at
each age consistently underestimated the birth weights by 40% and 25.5% for males and by 46% and
44.5% for females, respectively. The values for asymptotic body weights were close to those of 36-month
of age. Also, the Brody model did not yield significant differences for the various body measurements in
comparison with the actual observed estimates from birth through maturity.

Introduction

The black Najdi sheep of Saudi Arabia enjoys priority in its meat consumption over
other indigenous and exogenous breeds of sheep in the central region of the country.
Significant breakthroughs are, however, needed to improve the productivity and to
produce and market high quality Najdi lambs. Therefore, rapid growth is a very
important character requiring particular attention in any breeding plan aiming at
improving this animal. Growth could be evaluated carefully if a profitable combina-
tion of growth and ability to finish at an early chronological age are to be realized.
However, most attempts to characterize the growth and maturity patterns of animals
have involved the use of body weight and/or other body measurements by time func-
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tion|1-3]. Knowledge of maturing rate and the point of inflection of the growth curve
is therefore imperative since they are the pre-requisites for development of success-
ful sheep operations.

The growth patterns of various breeds of sheep have been studied exclusively
[1.4,5], however, studies on these aspects in black Najdi sheep of Saudi Arabia are
sparse. This study was undertaken in an attempt to identify the growth patterns of
body weight, body length, height at withers and chest girth of male and female Najdi
sheep from birth through 36 months of age, and the relationships of these body
characters to mature size.

Materials and Methods

This study was conducted over a 3-year period from 1982 to 1985 and involved
44 black Najdi sheep (23 males and 21 females) born in September, October and
November, 1982. At lambing, each lamb was identified with an ear tag and informa-
tion concerning its month of birth, age of dam at lambing as well as the sex of lamb
was recorded. The lambs were suckled for 60 & 5 days then weaned. During the pre-
weaning period they had access to pelleted concentrates (18% crude protein) and
green clover offered ad libitum. After weaning, all lambs were fed in accordance with
the National Research Council Requirements [6]. The rations consisted of 60%
roughage (alfalfa hay, green clover and wheat straw) and 40% commercially pelleted
concentrates (14% crude protein). They were kept indoors especially during the
summer season and appropriate preventive measures were used against internal and
external parasites and clostridial infections.

Each lamb was weighed to the nearest 50 grams and its body dimensions mea-
suted for the first time within 24 hours from birth. Then, it was weighed and mea-
sured at 3 monthly intervals up to 30-month, and finally at 36-month of age. The
numbers of animals by sex and age are shown in Table 1. Three body dimensions,
namely body length (the longitudinal distance beween the point of the shoulder to
the hip joint), height at withers (the distance from the ground to the top projection
of the dorsal vertebrae) and chest girth (the circumference of the body around the
chest), were taken at each age and recorded to the nearest millimeter. Any weight or
measurement taken from clinically unsound animals or within 45 days before or after
parturition was discarded. It was assumed that this edit correction would remove
much of the variation due to various stress conditions.

To estimate the growth and maturing rate parameters, the Brody’s equation [1]
as used by Nadarajah et af. [3] was applicd:

-Kit
Y, = A(01-Be ) + 1,
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Table 1. Number of black Najdi males and Females at each weighing age

Age in months
Sex 0 3 6 9 12 15 18 21 24 27 30 36
Male 23 23 23 22 22 20 19 19 i8 i6 14 7
Female 21 21 19 21 20 20 18 19 18 17 19 11

where, Y, is the observed body weight or body measurement of it sex at tth age, A,
is the asymptotic weight or measurement of the it sex, B; is 1 minus the ratio of birth
weight or body measurement to the corresponding mature value for the ith sex, K, is
a measure of the rate at which the curve is approaching the asymptote for the it sex,
tis the age in months, ¢ is the base of natural logarithms, and r;, is the mean deviation
of observed weight or measurement from the predicted value for ith sex at ' age.

Two methods were used to prepare the data for estimating the growth paramet-
ers. The first was least-squares analysis [7] at each age to estimate a least-squares
mean weight or body measurement for each sex at that age (adjusted data}. Each
observation on body weight or body measurement was assumed to be the sum of the
influences of effects of the other variables as follow:

Y =u+Mi+Aj+Gk+Si+eijklm

ijkim
where, Y is the body weight or body measurement of individual sheep, u is the over-
all mean, M the month of birth effect, A an age of dam at lambing, G an effect due
to the age of individual sheep as a continous variable, S is an effect due to sex, and e
is the random variation. It was assumed that intcractions were non-existent. Dun-
can’s multiple range test was used to make pairwise comparisons among the means
for significant effect. Brody’s equation was then fitted by Guass-Newton iteration [7]
to the least-squares means of body weight or body measurements.

The second methaod consisted of fitting the Brody's equation by Guass-Newton
iteration to each observed mean of body weight or body measurement of both sexes
(unadjusted data).

Results and Discussion

Least-squares analyses of variance for the various factors affecting body weight
and various body measurements of black Najdi sheep are presented in Table 2 and
3. Month of birth was a significant (P << 0.01) source of variation for body weight,
body length, height at withers and chest girth from bith to 9-month of age. Also, sig-
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nificant (P < 0.01) differences in body length due to month of birth were observed
at 13- to 21-month of age, indicating that the month of birth continued its significant
effect on the length of the body to older ages than the other studied characters. In
general, lambs born in September were significantly (P < 0.01) lighter in weights and
had smaller body measurements during their first 9 months of life in comparison to
those born in October and November. Several reports on sheep [8,9] had shown that
the prevailing environmental conditions during the latter part of gestation consider-
ably atfected post-natal growth and body developments. Abouheif and Alsobayel
[10] showed that the month of lambing had the highest contribution to the variability
in black Najdi’s birth weights. At older ages, however, the significance of month of
birth as a source of variation for body weight and various body measurements disap-

Table 2. Mean squares from the least-squares analyses of variance for body weight and various body
measurements of black Najdi sheep from birth to 12 months of age,

Source of Ageinmonths

variation d.f. 0 3 6 9 12
Body weight

Month of birth 2 1.97** 58.65%* BY.47** 42.31** 0.18

Ageofdam 2 1.54** 39.53% 1.48 3.82 4.57

Age of animal 1 201 30.01* 2.29 95 8.24

Sex 1 14 24.56 148.66** 308.57** 260.91**
Body length

Month of birth 2 33.79* 69.46%* 54.82** 46.17** 1.12

Ageof dam 2 48.60™* 57.43*> 1.39 8.32 7.18

Age of animal 1 63.59** 42,22 16.46 2.10 5.68

Sex 1 15.81 39.87 1.73 3.74 343.64**

Height at withers

Month of birth 2 48.09** 40.86* 44,66™* 51,80** 1.25

Age of dam 2 29.74** 80.39** 13 1.37 27

Age of animal 1 46.44** 37.23** 4,28 2,68 1.68

Sex 1 8.89 23.61 108.95%* 60.17** 115.08%
Chest girth

Month of birth 2 63.54** 82.94** 66.12%* 70.95** .89

Age of dam 2 106.73** 86.63** .85 2.07 6.46

Ape of animal 1 66.03** 45.62%* 6.35 15.92 6.80

Sex 1 5.31 38.69 103.21*~ 203.67** 357.96**

*pP< 05 **P<.0l



Environmental and Genetic Causes of Variation.., 25

peared. It seems that, because all lambs in this study were born within a 3-month
period, the month of birth could be considered to represent a general time-of-year
effect at later ages.

Table 3. Mean squares from the least-squares analyses of variance for body weight and various body
measurements of black Najdi sheep from 15 months of age to 36 months of age,

Source of Age in months

variation d.f. 15 18 21 24 27 30 36
Body weight

Monthofbirth 2 5.31 .04 6.54 9.09 21.97 6.61 1.45

Age of dam 2 10.20 42 15.90 1.83 9z 8.72 3.18

Age of animal 1 18.04 2.09 6.67 10.23 14.27 9.77 4.80

Sex 1 722.50%%  041.92** 1073.79** 1340.78"* 1585.62** 136571** 1483.97**
Body length

Month of birth 2 49.20* 34.94% 30.57 §.14 4.11 2.35 2.77

Age of dam 2 19.72 .88 1.87 423 10.48 9.74 2.46

Ageofanimal 1 10.67 1.38 3.74 1.00 18.46 5.60 N

Sex 1 562.50** 599.37** 880.33** 917.08%% 874.44** B876.63** 855.15*"

Height at withers

Monthofbirth 2 75 1.01 15,20 12.74 .50 1.44 27.81*

Ageof dam 2 96 3.28 4.90 10 7.97 3.39 45

Age of animal 1 11.87 4.92 7.97 1.70 17.11 7.95 38.97*

Sex 1 36.10%*  113.94** 331.87** 1015.48** 026,12%* 000.24%* 797.48**
Chest girth

Monthofbirth 2 19.18 1.78 11.28 17.74 18.53 v.61 27.56

Ageof dam 2 2.23 5.28 2.33 3.20 3.78 16.89 1.95

Age of animal i 5.52 4.27 12.76 7.61 15.78 4.68 8.26

Sex 1 1151.33** 1214.59** 1144.01** 1333.47** 1142.81** 1220.53** 1286.12**

*P< 05, **P<.]

Significant effects (P < 0.01) of age of dam at lambing on body weight and differ-
ent studied body measurements were found only at birth and at 3-month of age.
Younger ewes, 1-2-year old and 2-3-year old, lambed lighter and smaller lambs,
while 4-year old ewes had heavier and larger lambs from birth through 3-months of
age. These results are in agreement with the findings of Bhasin and Desai [9] and
Abouheif and Alsobayel [10] for birth weights of Indian and Saudi Arabian sheep.
It seems that maternal tissues of young dams are not as fully grown as those of older
dams, thus providing less favourable uterine conditions for embryonic development.
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At subsequent ages, the significant effect of the dam’s age on body weight and vari-
ous body measurements of the lambs had disappeared, indicating that differences in
early post-natal growth (until 3-month of age) are caused, to a considerable extent,
by maternal factors. This conclusion is in accordance with the results of Widdowson
[11, pp. 1-9] who found that variation in body weight produced by size of dam, were
likely to be maximal at birth, considerable in early post-natal life and minimal at
maturity.

The effect of age variation within each weigh period was a significant source of
variation (P < 0.01) during the period from birth to 3-month of age and subsequently
non-significant.

Sex of animal had no significant effect on body weights or body measurements
from birth through 3-month of age. Similar findings were reported by Juma et al. [12]
who found no sex differences in body weight or body measurements of Awassi sheep
from birth to the weaning age. On the other hand, Abouheif and Alsobayel [10]
reported that male Najdi lambs were 3.9% heavier in birth weights than females;
such differences accounted only for 0.7% of the total variance components of birth
weight. Except for body length, the effect of sex on all the studied body characters
became significant (P < 0.01) at the age of 6 months. Thereafter, the length of body
of males became significantly (P < 0.01) longer than the females only at 12 months
of age. The latter findings disagree with the results reported by Asker et al. [13] who
found that males were significantly longer at birth and at weaning age than the
females.

Results showed a tendency for biack Najdi males to increase significantly (P <
0.01} in body weight from birth up to 21-24-month of age, and up to 21-month of age
for Najdi females. Thereafter, the body weights of both males and females under-
went slight increases up to 36-month of age. It is relevant to notice that the total gains
in body weights during the second and third years of animal’s life, as an average of
the unadjusted and adjusted data, were approximately 14.65 kg and 0.9 kg in Najdi
rams, and 7.45 kg and 0.25 kg in Najdi ewes, respectively. [t is not possible, however,
to estimate how much to this increase could have been due to increasing lean mass
or to fat deposition since no data are available for fat cover of the individual sheep.
Further results indicated a gradual and significant (P < 0.01) increase in body length
for male and female Najdi sheep from birth through 21-month of age. Likewise,
height at withers and chest girth were significantly (P < 0.01) increased up to 24- and
15-month of age for the rams, and up to 15-month of age and 12-month of age for
ewes respectively. These results showed that the growth patterns of body weights and
various studied body measurements for males differed in their amplitude from those
patterns of females.
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Means (unadjusted data) and least-squares means (adjusted data) were used to
estimate the asymptotic growth curve parameters for body weight and various body
measurements using Brody's equation (Table 4). Estimates of mature body charac-
ters (A) from adjusted data were slightly higher than those of unadjusted data. The
values for asymptotic A were invariably very close to those of 36-month of age. On
the other hand, the Brody model consistently underestimated the birth weights of
male and female black Najdi lambs by 25.5% and 44.5% for unadjusted weights, and
by 40% and 46% for adjusted weights, respectively. Moreover, the Brody model did
not yield consistently biased estimates for the various studied body measurements at
birth, and the average absolute error of estimation was reduced to + 2.36%. There-
fore, it seems that the Brody mode! described later body weights growth more accu-
rately than early growth, while the studied body measurements were well fitted with
this model from birth through maturity.

Table 4. Estimates of asymptotic growth curve parameters® for male and female black Najdi sheep as
determined by each method of analysis.

Parameter®
Character® A B K A B K
Male: unadjusted data adjusted data
Body weight 729=x1.1 96+ .02 d1+.01 734+1.0 .97+ .02 A2x.01
Body length 842+ 6 61+ .02 19+.01 846 7 .60x.02 19+ .01
Height at withers 83.7+1.8 48%.03 AL+ .02 85.8+1.7 48+0.3 A2+ .02
Chest girth 1072+ 4 64 .01 17+.01 1089+ 5  .63+.01 A7+.01
Female:
Body weight 567+ 9 96+ .03 A5x.01 58.7+1.0 97+ .03 A5+
Body length 741+ 4 58x .01 30L£.02 745+ 5 S8 +.02 31+.03
Height at withers 746+ 3 45+ .01 21+.0 750+ 4 452 .01 21+.01
Chest girth 96.2+ 8 60x .02 22+ .02 9.4+ 9 60 = .02 23+ .02

* based on Brody'sequation.  ® parameter + standarderror.  © body weight in Kg, other characters in cm.

Growth curves obtained using Brody’s parameters are shown in Figures 1, 2, 3
and 4. Estimates of asymptotic body characters (A) indicated that black Najdi rams
were considerably heavier in weights and bigger in body dimensions than ewes. On
the other hand, the females matured more rapidly (K) than males in all body charac-
ters studied. The correlations between the respective asymptotic A and K values
were significantly negative (P << 00.01) for body weight and other body measurements
of both sexes. Similar negative relationship between mature weight (A) and matur-
ing rate (K) has been reported in cattle [2,14].
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Estimation of growth curve parameters from adjusted data did not change the
general shape of the growth curves of both sexes, although ranges in estimated
asymptotic body weights and various body measurements were increased by only
1.04% after adjustment. In terms of residual mean squares from the non-linear least-
squares analyses, the adjusted and unadjusted data were similar in all cases. Both
methods were probably quite adequate to describe the data.

It is valid, however, to interpolate values for age at different degrees of maturity
within the ranges of data set. On the basis of Brody function with unadjusted data for
males, body weight, body length, height at withers and chest girth reached 50% of
their asymptotic (.5A) values after 5.8, 1.0, 0.4 and 1.4 months, while females
attained the same ratio at 4.5, 0.5, 0.5 and 0.8 month of age, respectively. Further
studies showed that the time needed to reach 98% of the mature values (unadjusted)
of body weight, body length, height at withers and chest girth were 34.5,17.5,29 and
20.5 months of age for males, and 26.3, 11.2, 15.2 and 15.2 months of age for females,
respectively. In general, black Najdi females reached 50% or 98% of their mature
body characters considerably faster than males. Although the Najdi sheep at birth
were little higher at withers than those estimated 50% asymptotic values, they
attained 98% of their asymptotic height at withers at relatively older ages than body
length or chest girth. It could be concluded therefore that height at withers in com-
parison to other studied body measurements was the most matured character at
birth, followed by length of body, chest girth and finally by body weight. These
results are in general agreement with Hammond [15] who found that lambs were
born with legs more developed than the different parts of the trunk. After birth the
cannon bones grew at a slower rate than the parts forming the trunk of the animal.
On a functional basis, the early maturing pattern of legs, which is partly responsible
for the height of the animal, was not surprising for an element which is so vital to the
survival of the lamb at birth.

Previous studies (unpublished data) showed that the black Najdi sheep enjoys a
priority in its meat consumption among other indigenous and exogenous sheep in
Saudi Arabia. Live weights at slaughter for Najdi males ranged widely according to
the consumer preference, but 40-45 kg is considered best for marketing and
slaughtering. Comparing this value with mature weight, it scems that the stage of
maturity at which the ram lambs achieved weight and age sufficient for slaughter
ranged from 0.55A to 0.60A and 6.6 to 8 months of age, respectively. On the other
hand, it is a common practice among the breeders of Saudi Arabia to introduce the
ewe lambs to the rams when they attain 3540 kg in weight, which is in turn equiva-
lent to 0.6-0.7A and 6 to 7.5 months of age. These observations permit some useful
valid generalizations about black Najdi sheep, but further studies are needed to
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explore the effects of various nutritional circumstances on mature weight and to
identify the body composition of the gains made by Najdi sheep after attaining pub-
erty.
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