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PREFACE

This report presents part of the results of almost ten vyears of
research at the Station d'Elevage et de Recherches Zootechniques du Sahel,
carried out under the leadership of Dr., N'Golo Traoré. The studv is
based on the performance parameters of Zebu cattle maintain. . under
Sahelian conditiuns in the Republic of Mali. Such a considerable amount
of data collccted over a long period of time is relatively rare and thus
of particular interest, providing information on the productivity of two
typical African cattle breeds and allowing a tentative comparison with
animal performance in other arcas.

At the request of the Dircctorate of the Institute d'Economie Rurale
du Mali, data recorded by the staff of the Station du Sahel were analvsed
by the International Livestock Centre for Africa (1LCA). No attempt has
been made to interpret the results or to make suggestions or recommen-—
dationsg,

These results will assist the planning of future animal production
programmes and will aiso allow comparison with similar information from
elsewherc 1n Africa, though this was not the main objective of the study.

The cooperation illustrated by this joint publication follows an
agreement signed in 1976 between the Malian Goverument and 1LCA.  This
agreement includes a continuing rescarch programme on livestock production
systems centred mainly at the Station de Recherches Zootechniques du
Sahel at Niono.






Mortality figures showed a 10 % abortion rate, and 26 7 mortality to
3 years of all calves born. bDisease was the largest single influence on
mortality rates. No significant breed differences were found. A cow needed
2.8 calvings to produce a heif<r that reached lactation in the herd, thus
56 7 of females born were required as herd replacements ; and the generation
interval was 7.2 years. The average cow production life was 6.4 years, giving
a cow turnover rate of 15.6 7.

Growth rates showed a mean daily gain of 0.26 kg from birth to 30 months
of age. Body weights at all stages increased by about 7.5 ¥ per year. As the
expected genetic gain was 1.3 7 per year, tnis represented 17 % of the annual
improvement achieved. Breed differences, detected only at the pre-weaning
stages, suggested that Maure and Maure x Peul dams provided 2 7 7 superior
maternal environment as compared with Peul dams. Heritabilitics of 0.46 and
0.42 for 12- and 18-month weights suggest that body weipht increases of 2 kg
per year could be achieved through selection programmes at these ages. All

breed types had low mature cow body weights, averaging 317 kg.

Three linear measurements -hear: girth, height at withers, and scapulo-
ischial length- were analysed and evaluated as estimators of body weights.
Heart girth was found to be the most satisfactory, with mean deviations of
IT kg at 12 months and 14 kg at 24 months. These results suggested that for
purposes such as selection, estimation of body weight from heart girth is

no substitute for weighing.

Cow productivity estimates, combining the important traits of reproiuc-
tive performance, milk production, pre-weaning calf growth, .and cow and calf
mortality, indicated that the average cow each year produced 418 kg milk ;
0.68 of a weaner calf weighing 54.5 kg ; and 47.4 kg of its own final live
weight. In its 10-year lifetime, including 6.5 years in the milking herd,
each cow produced 2717 kg milk ; 4.4 weaner calves weighing 354 kg ; and
308 kg of disposable cow body weight. The Maure proved 13 % superior to the

Peul in cow productivity, and the Maure x Peul 2 % superior to the Maure.

An example is given of an attempt to compare results at Niono with those
produced at other research stations in similar areas of Africa. Information
has been built up on aspects of productivity of indigenous cattle at stations
in various climatic zones, employing known grazing and supplementary feeding
regimes. Initial results available have pinpointed many gaps in individual
trait values that must be filled before productivity comparisons can be
carried out, based on output of meat and milk per unit weight of cow per

year.
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Chapter 1

THE ANIMAL PRODUCTION SYSTEM AT NIONO, 1966—1975

1.1 Introduction

For ten years, 1966-197%, the Station d'Elevage et de Recherches
Zootechniques du Sahel, a4 Niono ‘the Sahelian Station at Niono) waintained

substantial herds of two indigenous breeds of Zebu cattle, the Maure and
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Peul, together with their crosses.
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Figure 1.  Geographical position of Niono.



The animals were kept for milk and meat production and for draught
purposes. They were subjcct to improved management practices such as control-
led breeding, supplementary feeding and veterinary care. Information was
collected on traits relating to reproductive performance, milk production,

body weight and mortality.

Figure | indicates the geographical position of Niono.

1.2 The Sahelian Station

The Sabelian station is compesed of two distinct parts, the original
"Sahel Station'" and the '"Nione Ranch', as indicated in Figure 2. The sta-
tion is Jbout 4 km north-cast of Niono, covering an area of 750 ha. The
western boundary of the vanch lies a further 10 km distant, and the ranch

covers a total area of 11,000 ha.

Niono, situated at a height of 277 w, has a dry tropical climate
charactarised by a single wet season lasting four months, from June to

September. Table 1 shows the monthly rainfall from 1966 to 1976.

Table 1. Monthly rainfall at Niono from 1966-1976 (mm)

Month Year

1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 Mean

January - - - - - - - - - - - -

February - - - - - - - - - - - -

March - 7 - - - - ] - - 4 - ]
April - ] 24 2 3 i 29 - - 2 - 6
May 12 4 2 17 20 20 2 2 24 59 24 17
June 37 27 83 68 11 146 95 23 99 79 101 70
July 65 171 132 111 230 188 81 15] 105 154 115 137
August 154 28] 156 153 252 194 178 117 112 198 204 182
September 122 150 70 120 115 72 65 22 35 63 94 84
October 4 - 20 63 16 - 4 4 8 6 3 20
November - - - - - - - - - 3 - -

December - - - - - - - - - -

Total 394 641 487 534 €47 620 455 318 383 568 631 516
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¥iguro 2. Tha Bahellan Station and Niono Ranch.

Temperature, cevaporation, and sunshine data are available only from
1972, and data or. these together with che number of days of rainfall for

1972 - 1975 arce presented in Table 2.

Table 2. Monthly c¢limatic data at Nicono from 1972 - 1975.

Month Temperature C Evaporation No. of hours No. of days
Mean min.  Mean mas. um. sunshine rainfall

January 12,2 0.0 243 286 -
February 14.6 33.5 265 272 -
March 18.8 35.5 345 266 .5
April 22.7 38.95 327 259 1.3
May 25.9 38.9 295 251 2.8
June 25.1 35.8 219 257 6.2
July 23.8 34.0 138 232 9.8
August 22.9 3j1.6 82 246 11.0
September 23.2 32.6 86 250 6.0
October 22.3 34.3 146 273 2.2
November 17.4 32.7 199 263 .2
December 14,1 32.1 210 290 -
Total /mean 20.3 34.1 2555 3145 40

gevera! detailed studies on vegetation types have been carried out
in this area, e.g., Boudet and Leclerq (1970). These authors state that in
the Niono region the vepetation reflects the overlapping of the Schelian
and Sudanian ecological zones with both steppe and savanna vegetation types.
From south-cast to north-west there is a sequence of vegetation types linked

to flooding in the active delta, the bushlands in the inactive delta, the

"Brousse tigrée'", and finally the sand dune vegetation.
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Other authors (Togola, Cisse and Breman, 1974) have studied vegetation
changes on the ranch from 1969 to 1974. Their comparison of the status of
vegetation over this period indicates that four years of drought are responsiblec
for the desert moving 70 to 100 km to the south in certain areas without any

important human influence.

The operation of the work of the Niono station is carried out by
four technical sections. The genetics and breeding section is responsible for
genetic improvement and general livestock research., It records biometrical
data and determines herd management. The nutrition and biochemistry section is
responsible for nutrition and feeding studies and butterfat analysis. Research
to date has been practical and oriented towards a better knowledge of tropical
feeds ana their use for meat and milk production. Many results have been
published on the use ¢f agro-industrial by-products. The veterinary section
is responsible for the health of the herd. No programme of research in pathology
has been started due to lack of finance and skilled personnel. The agrostology
- agriculture section 1s respensible for studics on the natural rangeland:
and rescarch on forage crops. Samples of local plants are grown and results
have been obtailacd or the behaviour and utilization of some leguminous plants

and graminaceac under normal and irrigated management.

1.3 Cattle

The two indigenous breeds maintained at Niono were the Maure and the
Peul. Both are West African Zebu types : the Maurce is classified as a short-
horned subgroun of the Sahelian zebus, the Peul as a short-te medium-horned
Sudanian subgreup. Little is known about their comparative performance.
However Doutressoulle (1947), Joshi et al, (1957), Payne (1970) and TEMVT

(1973) sugpest that they are similar for most productive characters, although

the Maure has a rather higher milk production than the Peul.



PLATE 4. Maure sire.









PLATE 5. Calf inducing milk let-down.
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PIATE 6. Calf tied to cow's foreleg during hand milking.
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PLATE 10. Fattening trial.















PLATE 15. Herd leaving for pasture after supplementation.

PLATE 16. Supplementation of dry cows.



PLATE 18. Watering facilities in the Niono region.









Linear measurements : Linear measurements were carried out from 1969 onward.

However, as the relationship betwecen linear measurements and body weight
appeared to be f much greater importance than linear measurements per se,
only animals with both linear measurements and body weights to 24 months of
age were considered.

Only 182 animals were available with complete records at the birth, 6-,
12-, and 24-month stages. The three most important linear measurements,
i.e. height at withers, scapulo-ischial length, and heart girth, were

evaluated.

Sire distribution for genetic analyses : Table 4 shows the monthly dis-

tribution of progeny births from cach individual sire, from 1968 to 1974,

Table 4. Distribution of progeny births from 16 sires.

Year of birth of progeny

Sire .

1668 1969 1970 1971 1972 1973 1974
Moussiko e PP R R RSO
Sonni b+
Krémos O T T T L L T urarararararar e
Kogoni R L T T DT T R o+
289340 +H+ttb b+
Apollo R e  E s
Macina S
Sahel O T o b T S ST Ea T ST S SO I W RrRr S
Molodo +4++++++++
Gueladjo T ST T ararary
Samory et
Ambiance FHrtriEt
1094 FHHt++
Fama P
Bablé ++++++

1107 44

27
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Chapter 3

METHODS OF DATA ANALYSES

The choice of analytical methods used to determine environmental and gene-
‘tic parameters depends on the data, the resources available and the preferences
of the statistician. In the present work some environmental parameters were
measured for further study in their own right and some were measured to account
for variation arising from environmental factors in order that less biassed

estimates of genetic parameters cc.ld be obtained. Unequal and disproportionate

subclass numbers gave unbalinced factorial designs, for which conventional

analyses of variance techniqucs were not applicable,

The basis used for analyses of those data having unequal and dispropor-
tionate subclass numbers was the method of fitting constants (least squares
analysis) (Harvey, 1960). Application of this method to the different data
layouts required tha: appropriate mathematical models be formulated in each
case. Models used were linear, additive models that provided for estimation
ni the effects of several levels of different environmental and genetic factors
on the variables being studied. The size of matrix that could be handled pre-
cluded accounting for individual interactions, these being summed into a pooled

interaction term,

An outline of the steps that were carried out in the analysis of a
trait, illustrating the type of models employed in the study and using

body weight at a particular age as an example, Is as follows.

Step 1. Least squares analyses were carried out, constants being fitted
PR . ..

for year of birth, month of birth, sex, dam parturition number, breed type,

and the sum of squares associated with each of the sources of varliation

calculated. Thus the model evaluategd was

Y

Pk lmn M A B G D R
Where Yi Sk 1mn = the 1 j k1 mn=- th animal's record
Mu = the effect common to all animals
Ai = the effect of the i - th year of birth
Bj = the effect of the j - th month of birth
Ck = the effect of the k - th sex

= the effect of the 1 - th parturition number of dam

D
F = the effect of the m - th breed type
E

ijklmn = the effect peculiar to the i j k 1 m n - th animal.



Pooled interaction sum of squares was obtained as the difference
between the total reduction due to fitting all constants including Mu,
and the five-way subclass- sum of squares of uncorrected data. Residual sum
of squares was obtained as the difference between the five-~way subclass
sum of squares of uncorrected data and the total sum of individual squared
trait values. At this stage, environmental and breed effects and their
significance were evaluated. Duncan's multiple range test (Duncan, 1955) was

used to test the significance of differences between subclasses.

Step 2. The constants obtained for the environmental effects of year,
month, sex, and parturition number were used to adjust the data. Within
each breed of sire group, least squares analysis was carried out, constants
being fitted tcr breed of dam, sire, and breed of dam by sire interaction.

The model evaluvated was :

Yi " = Mu + Ai + Bj + (AB)ij + E

Where Y. .
1]

ijk

K= the i j k - th animal's record

Mu = the effect common to all animals

Ai = the effect of the i — th breed of dam

Bj = the effect ¢f the j - th sire

(AB)ij = the effect due to the interaction of the i - th breed of dam
with j - th sire

E. . = the effect peculiar to the i j k - th animal.

Step 3. In determination of heritability estimates and genetic, phenotypic,
and environmental correlations between traits, the constants obtained in
Step 2 for breed of dam and breed of dam by sire interaction were used to
adjust the data within breed of sire groups. Analyses of variance and co-
variance were carried out within these groups, the within-breed of sire
variance and covariance being separated into the between-sire variance and
covariance and the within-sire variance and covariance. Results were then
pooled over breed of sire groups by summing degrees of freedom, sums of.

squares, and sums of products.



The components of variance for between-sire (Si and Sij) and within-
sire progeny groups (Wi and wij) were calculated from the pooled analyses

of variance and covariance, e.g.

S. = (OB 2—0- 2) /ng and wi = 0;2, where 0%2 is the mean square between
i W
sires, 0-2 the mean square within sires, and ng the average number of pro-
W

geny per sire.

Assuming a relationship of 0.25 among members of a sire group, the

necessary variance and covariance components were
Additive genetic variance (Ai) =4 Si
Phenotypic variance (Pi) = wi + Si
Environmental variance (Ei) = wi -3 Si

The corresponding covariances were : A, . =4S, , s P, . =W, . +8§. .

1] 13 1] 1] 1]
and E. . =W. . -358. ..
1] 1] 1]

The heritabilities and genetic, phenotypic, and environmental corre-

lations were calculated from these as

Heritability = Ai/Pi

Genetic correlation = A. . / V(A.. A.)
13 1 ]

Phenotypic correlation = Pi ; / v’(Pi. Pj)

Environmental correlation = Ei ; / \/(Ei. é;;

The standard errors of heritability estimates were obtained using the
simplified formula of Robertson (1959).

2 4

SE h 2 = (h" + ——0‘\;2-, where np is the average number of progeny
No N

per sire and N is the number of sires.

Some or all of these general steps were followed in the analyses of the

various traits examined in this study.

In all analyses of variance tables, % and % indicate significance
at P <0.05 and P <0.0! respectively. In all tables, within-class row

means followed by the same letters (a, b, etc.) do not differ significan:ly

(P <0.05) In some analyses, linear regressions have been used, not to

Predict parameters bur to illustrate their trends over the periods studied.
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Table 5. Analysis of variance of age at first calving.

Source d.f. Mcan square
Year of birth 7 973"
Month of bi . th 5 38
Breed 4 29
Pooled interactions 86 47
Within subclasses 97 44

The estimated least squares means in Table 6 show that age at first
calving ranged from 58.25 months for animals born in 1966 to 34,40 months

for those born in 19773,

Table 6. FEstimated least squares means for age av first calving,

Variable No. Mean ape (months)
Overall mean 200 43.04
Year of birth

1966 19 58.25 4
1967 22 51.1h b
1968 11 36.74 cd
1969 14 41,93
1970 ' ‘ 24 41.85 ¢
1971 44 41.26 ¢
1972 44 38.73 de
1973 22 34,40 ¢
Month of birtch

January - February 50 44,00
March - April 26 43.26
May - .June 22 43,24
July - August 15 42.28
September - October 37 43.95
November - Decembor 50 41.51
Breed

Maure 71 42.32
Peul 19 44,78
Maure x Peul 58 43,28
3/4 Maure 23 42.90
3/4 Peul 29 41.92

Causes of variation between years, in this environment and under this
system, can basically fall into three main cateporics. Firstly, differences
in annual rainfall affecting the pasture availability each yvear and this
directly influencing animal performance sceeondly, differences resulting
from changing and improving management techniques 3 and thirdly, differences
resulting from genetic improvement . The year means in Table 6 indicate an

apparent reduction in age at first calving from carly to later years.






4.3  Calving interval, length of lactation, and length of
dry period

The calving interval is the period between two consecutive calvings,
ard can be subdivided into the lactating period and the dry period. The
means, standard errors, and coefficients of variation for these three traits
are laid out in Table 8. The peércentage of the calving interval spent in

lactation was 54 7.

Table 8. Mean values for calving interval, length of lactation, and length

of dry period (days).

Trait Mean length SE Ccv 7
Calving interval 468 25 27
Length of lactation 254 16 31
Length of dry period 214 27 63
4.3.1. Environmental and breed effects

Analyses of variance, laid out in Table 9, show year of calving to
have been the only significant effect on calving interval, while year and
month of calving significantly affected length of lactation. There were no

significant effects on length of dry period.

Table 9. Analyses of variance of calving interval, length of lactation, and

length of dry period.

Source d.f. Mean squares x 10-2

Calving Length of Length of

interval lactation dry period
Year of calving 7 509%* 183% 322
Month of calving 5 123 300%* 85
Breed 2 43 43 80
Parturition number 3 262 41 193
Pooled interactions 197 153 67 149

Within subclasses 311 158 62 183
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To determine any linear trend in calving interval and length of lac-
tation from 1966 to 1973, the regressions of the least squares constants

on year of calving (represented as ] to 8) were calculated (Table 11).

Table 11. Regressions of the least squares constants for calving interval

and length of lactation (days) on year of calving.

Trait b SEb o
Calving interval - 12.0 4.57 0.73%%
Length of lactation - 4.0 3.71 0.40

The regression of calving interval on years was —-12 days, significant
at the | 7 level and indicating that calving interval has decreased by
12 days per year over the 8-year period. The reduction in lactation length

of 4 days per year over the 8 years was not significant,

The estimated least squares means for month of calving in Table 10
show that length of lactation ranged from a minimum of 223 days for lac-~
tations commencing in September - October, to a maximum of 278 days for
lactations commencing .n January -~ February. The effects of month of calving
on length of lactation are likely to be connected with the stages in the
wet and dry weather cycle covered bv the lactations and fixed by the month
of commencement. In order to determine any such trend, the correlations and
regressions of the least squarvs means for month of calving on the total
rainfall in the 254 days following that month of calving, which represents
the mean length of lactation, were calculated. The highly significant corre-
lation of 0.89, and regression of 0.09 davs increase in length of lactation

per mm of rainfall, indicate a marked rainfall effect on this trait.

There was no suggestion of any difference between the Maure, Peul and

Maure x Peul breeds for these traits.
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Chapter 5

MILK YIELD

5.1 [Introduction

As a fresh milk supply is essential, a fundamental area of past work
has been the establishment of breeds of cattle that will live, thrive, and
produce milk in different parts of Africa. Mahedevan (1966) has pointed out
that Zebu cattle are generally poor milk producers, and that their level of
production varies with the prevailing ciimatic and environmental wonditions.
He further considers that one of the more important reasons for the serious
lack of accurate data on the milk vield of indizenous cattic in Africa is
the diftficulty of assessment ot the cow vield when partial suckling of the
caltf is permitted. He favours using the calf purely to induce the let-down
of milk, removing the calt as <oon as milk flow commences, hand-milking as
much as possible, and repeating the whole process if necessary until all

the milk has been drawn.

The method of milking at Niono was the usual method emploved when milk
let=down is a problem. The dam was allowed to suckle the calf for about one
minute prior to milking ; then as much as possible was milked b. hand ; and
afterward the calf was allowed to complete the operation by being suckled
again. After weaning at approximately six months of age, the calf was still

used to Induce milk let-down.

Milked-out yield records were available on 526 lactations from 1966 -
t973. From 1968 - 1973, calf pre-weaning weights were available, and thus
estimates of the amount of milk utilised by the calf could be obtained and
added to the milked-out vield. Records were available on 418 milked-out and

calf-utilised lactatious.






The estimated least squarcs means for all three measures of milked-

out yield are shown i

17.

Table 17. Estimated least squares means for milked-out yields (kg).

Variable No. Lactation Daily Annual
yield vield yield
Overall mean 526 563 2.17 457
Year of calving
1966 27 542 abc 1.81 ab 391 ab
1967 32 431 d 1.83 ab 350 a
1968 25 628 ¢ 2.34 ¢ 503 ¢
1969 48 603 hc 2.62 d 501 ¢
1970 80 799 e 2.94 ¢ 650 d
1971 107 554 abc 2.14 ¢f 459 be
1972 94 445 ad 1.69 a 364 a
1973 113 506 abd 1.97 bf 435 abc
Month of calving
January - February 108 622 a 2.22 ab 496 ab
March - April 72 614 a 2.34 3 506 b
May - June 64 632 a 2.36 a 485 ab
July - August 51 545 ab 2.10 b 449 abc
September - October 86 451 ¢ 1.98 b 385 ¢
November - December 145 517 be 2.0l b 420 ac
Breed
Maure 225 586 a 2.30 . 471 a
Peul 216 522 a 1.96 b 413 b
Maure x Peul 85 583 a 2.24 a 486 a
Parturition number
1 98 547 2.01 a 420
2 -3 198 568 2.20 bec 452
4 -5 143 599 2.33 ¢ 512
6 + 87 540 2.14 2ah 443
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Figure 5 illustrates the offect of month of calving on the three
measures of milked-out yield, constructed from the least squares means

presented in Table 17,
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Figure 5. Effect of month of calving on milked-out vield.

Lactation yields, daily yields, and annual vields ranged from a minimum
of 451 kg, 1.98 kg, and 385 kg respectively for lactations commencing in
September = October, to 632 kg, 2.36 kg, and 506 kg for lactations commenc ing
in Mav = June and March - April, respectively. The effects of month of calving
en lactation vield and vield per day of lactation are likely to be connected
with the stages in the wet and dry weather cyele covered by the lactations

and tixed by the month of calving,






5.2.4. Correlation between lactation yield and lactation iength

Table 18 shows the intra-cow correlation and regression between

lactation yield and lactation length.

Table 18. Intra-cow correlation and regression between lactation yield

and lactation length,

Breed No. of No. of Correlation between Regression of
cows lactations lactation yield and lactation yield
lactation length on lactation

length (kg)

Maure 61 202 .55 %% .16
Peul 51 191 L50 X% 0.87
Maure and Peul 28 66 L3R KX 0.57
Overall 140 459 L5 ** 0.98

There was a high overall correlation of 0.5] between the two traits and

an increased lactation yield of 0.98 kg per additional dav of lactation.

5.3 Breead effects on milked-out yields

Table 17 gives the Maure, Peul, and Maure x Penl breed means for the
three measures of milked-out yield. There was no siunificant Jdifference
between the Maure and the Maure x Peul for any measure, but both were sig-
nificantly superior to the Peul for daily and annual vield. Overall, the
Maure and the Maure x Peul were 15 7 superior to the Peul in milked-out

yield.
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5.5 Calf-utilised and total milk vyield

The milked-out, calf-utilised, and total milk yields, calculated as

described in Chapter 3, are la’d out in Table 21.

Table 21. Mean values for calf-utilised and total yields.

Trait Mean (kg) SE CvV (7)
Milked-out lactation yield A 586.3 63.4 51
Milk utilised by calf from birth -

3 months (B) 347.7 19.4 26
Milk utilised by calf from birth -

weaning () 589.2 31.+ 25
A+ C (D) 1173.6 74.9 30
Annual milked-out yield (E) 469.5 49.1 49

E + annual milk utilised by calf

from birth to weaning (F) 964.6 68.8 33

From Table 21, it is seen that the milked-out yield and the calf-
utilised yield from birth to weaning are virtually equal. Sixty percent of
the calf-utilised milk is produced in the first three month: after partu-
rition, and 40 7 in the following three months. The best estimate of total
milk production of the Maure and Peul and their crosses is thus 1174 kg per

lactation, or 965 kg per year.

The analyses of variance laid out in Table 22 show the trends of envi-
ronmental and “reed effects on all measures of milk yield to be similar to
those for milked-out yield previously illustrated in Table 16 and discussed

in Secticns 5.2 and 5.3.

Table 22. Analyses of variance of calf-utilised and total yields.

Mean squares x 10~3

Source d.f.

A B C D E F
Year of calving 5 832%*  279¥¥ " 3g@FF T 3PS EF  gogF¥ 55 K
Month of calving 5 269% 49%* 3% % Hga¥ 119% 121
Breed of cow < 103 25 65 303 154 534 %%
Parturition number 3 85 26% 6% 230 211 %% g72%¥
Pooled Interactions 165 84 9 22 122 57 98
Within subclasses 237 88 8 22 121 53 104

N.B. Explanations of codes A-F are listed on page 51.






52

56 Breed effects on total milk vyield

Total milk production per lactation and per year by Maure, Peul, and

Maure x Peul breed types is shown in Table 24.

Table 24. Effect of breed on total milk produced (kg).

Breed Milked-out lactation yield Annual milked-out yield plus
Plus milk utilised by calf annual milk utilised by calf
from birth to weaning from birth to weaning

Maure 1206.0 a 1002.9 a

Peul 1117.8 a 887.6 b

Maure x Peul 1197.2 3 1003.4 a

There were no significsat differences between the three breed types in
total lactation yield, but the Maure and Maure x Peul had significantly

higher total annual milk yields (13 %) than the Peul.

5.7 Repeatabilities of calf- utilised and total milk yield

Table 25 lays out the analyses of variance within breed groups for
the calf-utilised and total milk yields, after adjustment for environmental

effects ; and Table 26 indicates the repeatabilities,

Tabl~ 25. Analyses of variance for milked-out and calf utilised vields.

Mean squares x 10-2

Cow Source of
brecd variation d.f
A B C D E F
Maure Between cows 55 2155 80 219 2628 1428 1942
Within cows 114 434 59 148 598 303 749
Peul Between cows 44 2078 174 437 2858 1072 1705
Within cows 94 313 68 163 559 237 602
Maure x Peoul Between cows 22 1004 124 326 1224 442 997
Within cows 32 245 100 246 452 182 600
Combined Between cows 121 1918 122 318 2456 1119 1684
Within cows 240 361 68 167 563 261 671

N.B. Explanations of codes A - F are listed on page 51.



Table 26.  Repeatabilities of calf~utilised and total yvields.

Breed No. of Newoof A B C D E F
COWS records

Maure 56 i70 0.59 0.11 Q.14 0.55 Q.55 0.34

Peul 4t 139 0.65 0.34 0.35 0.57 0.53 0.37

Maure = Penl 23 55 Q.57 0.09 0.12 0.42 0.37 0.22

Overall 124 364 0.60 0.21 0.3 0.55% 0.52 0.34

N.B. Explanations of codes A = F are listed on page 51,

The repeatabilities of calf-utilised vield are in all cases lower than

those of milked-out yield, and thus of total yield.

5.8 Discussion

Discussing milk reccrding in developing countries, Lindstrom (1976)
indicates that bi-menthly recording of vield, as practiced at Niono, permits
high accuracy in the selection of individual cows for milk production. The
milked=cut vields ar Niono tall into the low range and have the high coeffi-
clent of wvariation usually associated with tropical cattle. Generally in the
tropics there is lirtle evidence to suggest that this high variation in yield
1s associated with anv increase in heritability. No heritability estimates
for milked-vut yields are available from Niono, but the repeatabilities of

arcund 0.5 are net higher than generally reported.

Major year effects on lactation milked-out yield illustrate the impor-
tance of ¢ither comparing ylelds within years or adjusting data for year
effects. Although year effects were so marked, there was no apparent connec-
tion between rainfall and lacration yilelds to suggest that pasture availabili-
ty influenced milk producticn». Similarly there was no significant trend of
increasing yields over the 8 years from 1966 to 1972 to suggest that either

management or genetic selection had markedly affected milk production.

Month of calving had an important effect on milked-out yield : cows
calving {rom January to June produced significantly higher yields than those
calving from July to December. Thus, before comparing milk yields it is
important to adjust for month of calving. The positive association between
milk yield and rainfall during the lactation period, which is determined by

the month of calving, again suggests that decisions on optimum times of year



for calving different proportions of the herd could be of practical impor-

tance.,

Effect of parturition number showed that milked~out yields peaked at
the 4 - 5th parturition, i.e. at about 9 years of age, which is later than
usually reported for tropical cattle. The increase in milk yield from first
to peak lactation of approximately 15 % follows the usval pattern for tropi-

cal cows.

As far as breed differences were concerned, both the Maure and the
Maure x Peul were approximately 15 7 superior to the Peul in daily and annual

milked-out yield.

Approximately the same amount of milk was utilised by the calf from
birth to weaning as was milked out, but the former measure showed a much
lower variability. The marked increase per year of 50 kg calf-utilised milk
from 1968 to 1973 is due to a management decision to allow the calf to

obtain increasing amounts of milk.

As with milked-out yields, the Maure and the Maure x Peul were approxi-

mately 137 superior to the Peul in annual total milk yield.
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The estimated least squares means for butterfat percent are shown in

Table 28.

Table 28. Estimated least squares means for butterfat percent.

Variablo Nov. Buttcrfar;uﬁment

Overall mean 162 4.70

Year of calving

1970 30 4.58
1971 101 4,57
1972 31 5.00
Month of calving

January - February 41 4.36 a
March - April 17 5.22 b
May - June 6 4.74 a
July - August 10 4.63 a
September - October 35 4.59 a
November - December 53 4,67 a
Breed

Maure 76 4.69
Peul 56 4.76
Maure x Peul 30 4,66
Parturition number

1 37 5.17 a
2 -3 46 4.77 b
4 -5 38 4.46 b
6 + 41 4,42 b

There appears no obvious explanation for the significant month of
calving effect. There was a steady decrease in fat content as parturition
number increased, from 5.17 % in first lactation te 4.42 Z in 6th and
subsequent lactations. There was no suggestion of any breed cffect on butter-

fat percent.

There is in the literature considerable evidence to show that fat per-
cent and solids not fat percent decrease as parturition number increases to
the fifth. Of the fractions making up the total solids content of milk
the solids not fat is of greater nutritional importance than the hutterfat,
as it contains the valnable protein. Mahadevan (1966) asks whether butterfat
testing is really necessary in tropical dairy cattle, since human energy
requirements can be met by other sources of food. Protein testing could be
more relevant, but is unlikely to be widely practicable, since milk for pro-

tein testing must be brought in good condition *o the laboratory,
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There is in general a fairly good ositive relationship between the
£ f

level of fat and the level of solids not fat in mitk., When large numbers
of animals are involved, fat percent can be a good guide te solids not fat
percent ; but selection of individual aninals for solids not rat cannot be

based on fat percent.



Chapter 7

VIABILITY

.1 Mortality at different stages of the life cycle

Mortality data based on 1352 births or abortions over a 10.5 year
period from 1966 to 1976 werce available. Table 29 presents the percentage of
mortality covering the diffcrent stages in the life cvele for each year

of birth separately, calculated as deseribed in Chapter 2.

Table 29. Percentage mortality at different stases from 196 - 1976.
Year Number Percentage mortality
of of par-
birth turitions Abortions Still-  Pro- Post-  1-2 Heifers Breeding
and births  weaning weaning vrs  2yrs to cows
abortions & Day I | day - 6 - i2 maturity  (by year
deaths 6 months months of death)
1966 69 1.4 1.5 6.0 1.h 0 3.2 -
1967 101 5.0 4. 9.8 11.2 12,2 0 -
1968 82 7.3 2.6 12.2 36.9 l4.6 5.7 -
1969 79 2.5 3.9 10.8 33.3 6.8 0 2.2
1970 105 3.8 2.0 RS 13.5 15.6 5.4
1971 157 6.4 0.7 18.5 8.4 1.8 1.2
1972 125 8.0 1.7 6.2 2.8 1.0 2.9
1973 170 15.9 2.8 4.3 1.5 3.1 2.1
1974 188 19.7 4.0 8.2 0 3.0 - 3.7
1975 127 9.4 2.6 4.5 - - - 4.6
1976 149 14,1 2.3 12.8 - - - 1.3
Overall 1352 10.0 2.6 9.5 8.7 5.4 2.8 2.8

While abortions averaged 10.0 % per annum overall, during the 7 years

from 1966 to 1972 they averaged only 5 2, but from 1973 to 1976 increased to
15 7. Brucellosis has been diagnosed as the major cause of abortions during
this latter period. Stillbirths and first day deaths remainad static through-
out the period at 2.6 Z per annum. High pre~weaning deaths averaging 9.5 Z
were boosted by an 18 7 average mortality during the 1969 to 1971 rinderpest
outbreaks. Similarly, high post-weaning deaths from 6 to 12 months of age of

8.7 7 were boosted by a 20 % average mortality for these years. Deaths from






The major diseases identified are pleuropneumonia, rinderpest,
rickettsiosis, blackleg, anthrax, pasteurellosis and some respiratory
diseases. Nutritional problems reported included malnutrition,
emaciation, digestive upsets and bloat. Accidental deaths were related
to such causes as handling for vaccination, fracture, twisting of the
intestine, heat stroke, and predators. Reproductive problems covered
premature birth, mummified foetus, and dystocia. Parasitic problems were
infrequently reported in post-mortem results, reflecting the management

level and the regular treatment of young stock against parasites.

%3 Breed mortality rates

Weighted comparisons of breed mortality were carried out within year of
birth and summed over years (1966~1975) . Insufficient data had been recorded
to allow a breed comparison of abortions, and there were too few deaths in
the 2 - 3 year period to allow any meaningful comparisons to be made. The
overall 2 = 3 year mortality rate of 2.8 7 was therefore used for all three
breeds for this period and also in calculation of the total mortality from
birth to three years. The breed comparisons are presented in Table 31 ; chi-

squared tests showed no significant differences between breeds at any stage.

Table 31. Breed mortality rates.

Breed
Stage
Maure Peul Maure x Peul

Stillborn and first day 1.3 1.4 4.8 -
Pre-weaning (1 day - 6 m) 11.2 7.5 9.9
Post-weaning (6 m - 12 m) 6.5 11.9 7.8

Il = 2 years 5.3 5.9 5.0

2 = 3 years 2.8 2.8 2.8
Birth to 3 year total 24.6 26.5 27.0
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Chapter 8

BODY WEIGHT

8.1

Weekly or monthly weight records were available

animals from birth to 30 months of age.

from 3 to 30 months of age were calculated

as indicated in Chapter

Environmental and breeu effects at seven different ages

for a total of 243
Individual weights at the six stages

2

L.

Analyses of variance, laid out in Table 32, showed year of birth, month of

birth, sex, dam parturition number, and breed to have significant effects on

body weight at different stages,

Table 32. Analyses of variance of weight at scven different ages using all
Ifilﬁltiiﬁﬁglffl“ to 30 months of age.
T Mean squares
Source d.f.
Birth 3m bm 12m _ 18m - 24m . 30m -
(x10 )y (%10 ) (=10 ) (x10 )
Year of birth 4 16 838** I8R5 K (5 3¥F T Sp R TR FF 153
Month of birth § 8 122% 1286*% a5k % g g¥x 5o, w 106
Sex | 68%*  360**  yg7¥x  gg 1484 %% 5090 %% 4 **
Dam parturi-
tion number 3 31¥* 73¥ 193 64 20 30 5
Breed 5 2 179%  s94** ¢ 2 78 116
Pooled
interactions 157 13% 70 209 48 86 * 82 132
Within
subclasses 67 7 50 169 48 58 62 86




The estimated least squares means for body weight at seven different

apes are shown in Table 33,

Table 33. FEstimated least squares means for weipht at seven dif’erent ages.

Variabic No.  Birth Im tm 12m 1 Bm 24m I0m
Overall mean 243 20.5 29,6 786 125 176 218 261
Year ot hirth
1968 ' 23 20.1a 43,81 b7.9%: 47a  Ielab 195 250
196Y 31 20.0a 47.2b 78.1he  126b 163a 2114h 254
1970 57 20.3ab  45.5ab 73.1h I lac 152b 207h 262
1971 94 21.40 51.7¢ B0, be 126b 187¢ 229¢ 263
1972 38 20.6ah 29.384d a3, hd 1614 216d 243 274
Month «f birth
Januarvy - February 48 21,23 Z8.7a 7b6.5a 10Y4 169ab  213ah 256
March = April 33 20.bab 43.8a 70.6a 117ab  169ab 20091 258
Mav - June 19 19.9% A8 240 75.7a 138¢ 189¢ 232¢ 2773
Julv = August 17 20.9ab  47.8a 76.6a 130cd 1673a 205a 252
Septexher — Ovtober 54 20.2ab 51.2ab 84.7 125bd 175b 222bc 264
Novemher - December 72 19.9h 32,70 87.4b 130ed 129¢ 225 262
119 19.9a 3a 76.84 1224 1684 2024 =39
124 21.0b 50.8b 80. 4b 128b 184b 233b 2813h
Dam parturition number
i 53 19.3a 46.7a 75.6 120 173 215 260
2 -3 71 20.8ab 30.7b 79.0 128 178 218 261
4 -5 4 20.hab 30.4b 80. 126 176 221 260
6 + 45 21.1b 50.5b 79.6 125 176 217 262
Breed
Maure 98 20.7 49.2ab  76.4ab 122 175 221 264
Peul 2 20,8 55, 1c 72.84 118 164 206 247
Maure x Peul (MP) 46 20.5 i8.7a 74.2ab 0 125 178 217 262
374 Maure (.MP) 16 20.73 49.3ah  80.0be 124 177 220 266
3/4 Peur (PLMP) 32 20.4 52.4bd 82.9c 127 177/ 218 262
Maure.rPeal « Manre,Peul 200 20,0 52.8d 85.1c¢ 1733 1873 223 261

(MPLMP)

Records to 18 months of age only were available for an additional 129
animals ; and analyses of weiphts from birth to 18 months were also carried
out on the larger group of 372 animals. The environmental and breed effects
on weight in this larger group were virtually identical to the results in
Tables 32 and 33, and therefore the results of these additional analyses are

not reproduced here.



Figure 7 illustrates the mean growth of all animals from birth to 30
months of age. The coefficients of variance of weight at birth, 3, 6, 12,
18, 24, and 30 months were 1372, 146 7, 17 7, 18 Zy 14 Z, 11 7, and 11 %

respectively.
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Figure 7. Mean body weights from birth to 30 months.

8.1.1. Year effect

Table 32 indicates that no significant vear differcences existed for
birth or 30-month weight, but there were significant vear effects for weight
a. all other stages. The maximum year difference at bivth, 3, 6, 12, 18, 24,
and 30 months represented 7 4y, 327, 33 7, 51 Zy 3607, 25 7 and 9 7 respec-—

tively of the mean weights.
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Figure 8. FEffect of month of birth on body weight.
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8.2 Genetic, environmental and phenotypic correlations;

heritabilities: and expected genetic gains at different ages

Body weight data to 18 months of age were avallable for a much larger
number of animals than were data to 30 months. Since scelection decisions
must be implemented by 2 years of age, |8 months appears a suitable stage
for body weight evaluation. Complete sire and dam records were available for
347 animals, the progeny of 10 different sires. Analvses were carried out on
birth, 6~, 12-, and 18-month weights as described in Chapter 3, The pooled

analyses of variance and covariance are bresented in Table 135,

Table 35. Analyses of variance and covariance for birth, 6-, 12-, and

I8-month weights (kg).

Mean squares or covariances

Trait L
Between sires (7 d.f.) Within sires (337 d.1)

Birth wt. (X1h) 44,6 9.6
6m wt. (X2) 1248.2 190.7
12m wt., (X3) 2490. 4 474,33
18m wt., (X4) 3159.2 6063.3
X1 X2 - 7.6 9.9
X1 X3 _ - 29.8 12.8
Xl X4 8.2 14,0
X2 X3 1713.0 227.6
X2 X4 1786.9 221.2
X3 X4 2608.2 440,6
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Table 37. Genetic, environmental, and phenotypic correlations between

birth, 6=, 12-, and 18- month weights.

Trait Correlation ém wt. 12m  wt, 18m wt.
Birth Gen. = 0.09 - 0.16 - 0.02
Env. 0.38 0.39 0.28
Phen. 0.15 0.15 0.16
6m wt. Gen. 1.02 0.96
Env. 0.55 0.38
Phen, 0.79 0.66
12m  wt, Gen. 0.97
Env. 0.68
Phen. 0.81

The phenotypic, genetic, and environmental correlations between weights
at different ages given in Table 37 were positive and fairly large, except
for those involving birth welght. As measured at Niono, birth weight was of
no value for predicting later body weights,

Table 38 shows the heritabilitioes and expected genetic gains in 12- and
18=month weights, A larger body of data are available for birth, 3- and

b~month weights, and the genetic parameters for these stages are discussed

1n Section 9.4,

Table 38. Cenetic estimates of 12- and 18-month woightg.

Statistic 12 m 18 m
Standard deviation (o) 23.16 27.21
Heritability (h2 ) P 0.46 0.42
Standard error h? (Oh~) 0.26 0.24
Intensity of selection (1) 1.34 1.34
Expected genetic gain per generation (kg) 14.28 15.31
(i. 0p. hy
Generation interval (years) 7.2 7.2
Expected genetic gain per vear 1.98 2.13

The heritabilities of 12- and 18-month weights, 0.46 and 0.42, just
fail to reach significance. The top 5 7 of males and 56 7 of females arc re-
quired for breeding purposcs : thus the mean inteusity of selection is 1.34,
and expected genetic gains per gencration are 14.28 and 15.31 kg for 1.- and
I8-month weights respectively. The generation interval of 7.2 years discussed
in Seetion 7.4 results in expected genetic gains of 1.98 and 2.13 kg per year

for 12- and 18~-month welghts respectiveiy.
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Major year effects on body weights at most stages illustrate the im~
portance of comparing weights within years or adjusting data for year
effects. Although year effects were so marked, there was no apparent con-
nection between rainfall and growth within periods to suggest that pasture
availability influenced growth. This additionally jindicates that the

supplementary feeding regime smoothed out pasture availability effects.

The fact that body weights at all stages after birth increased by an
average of 7.5 7 per year over the five years fron 1968-1972 shows that very
definite achievements were made in increasing body weights through improved
management, feeding, and breeding techniques. The expected genetic gains,
averaged over all stages, of 1.3 7 per year illustrate that over the perind
only 17 7 of the improvement achieved cach year could have been through

breeding, with 83 % through management and feeding.

When climatic conditions affect pasture availability, month of birth
effects on later body weights are usually related to the stage in the wet
and dry weather cycle in which an animal reaches a particular age. Under
these ronditions, relative rankings of month-of=-birth groups change from
stage to stape. The absence of this change of relative rankings is a further
indication of the ameliorisation of pasture availability effects bv the

supplementary feeding programme.

The lower pre-weaning weights of calves from heifers Indicate the

importance of correction of data for dam parturition number at these stages.

The fact that breed differences were detectod only at the pre-wea. ing
stages suggests that the Peul is a poorer milk producer than the Maure and
their crossbreeds, but that growth rates thereafter are similar. This theme

is developed further in Chapter 9.

The heritabilities of 12- and 18-month weights, 0.46 and 0.42, agree well
with the reported range for these traits. The positive genetic gains of
around 2 kg per year suggest that the operation of an efficient selection

programme for weight at 12~18 months would be well worthwhile.

Cow body weight data indicate that both breeds and their Fl cross are

of similar low weight, averaging 317 kg.
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The estimated least squares means for pre-weaning body weight are

shown in Table 471.

Table 4]. Estimated least squarcs means for pre-weaning weights,

Variable No. BW 3 m 6 m
Overall mean 591 20.2 52.0 80.4
Year of birth

1968 32 18.8a 42 .74 65.8a
1969 67 18.9a 45,64 73.8b
1970 89 20.0b 44,64 71.6b
197} 120 21.1c 51.4h 79.9c
1972 106 21.2¢ 58.6hc¢ 88.6d
1973 129 20.38bc 59.9¢ 91.5d
1974 48 20. 3bc 61, b4e 91.6d
Month of birth

January - February 132 20.4 52.bab  80.9ab
March - April 105 19.9 52.6ab 78.3ac
May - June 50 19.7 50.7ac 77.4ac
July - August 54 20.6 48.9c¢ 76.3c
September - October 93 20.4 52.6ab  82.7b
Novemher - December 157 20.0 54.7b 86.8d
Sex

Female 289 19.34a 50.2a 77.7a
Male 302 21.0b £3.8%L 83.1b
Dam parturition number

] 123 18.7a 48,0a 75.0a
2 -3 199 20.4b 52.9b 80.7b
4 - 5§ 145 20.5b 53.0b 82.5b
6 + 124 21.1¢ 54.2h 83.4b
Breed

Maure (M.M) 231 20.7 53.6ab 82.3ab
Peul (P.P) 89 20.1 48.7¢ 76.0c
Maure.Peul (M.P) 94 20.1 51.2ac 77.7cd
3/4 Maure (M.MP) 52 20.1 51.5ab 80. lacd
3/4 Peul (P.MP) 89 20.0 52.7ab 81.5abd
Maure.Peul x Maure.Peul (MP.MP) 36 19.8 54.3b 84.8b
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9.4 Heritability and expected genetic gain

Complete sire and dam records were available for 553 of the 591 animals,
Sixteen separate sire progeny groups were represented. Analyses were carried

out on birth, 3-, and 6-month weights as described in Chapter 3.

Table 44 shows the genetic parameters. The heritabilities of birth
and 6-month weights, 0.31 and 0.32, are significant. The top 5 7 of males
and 56 7 of females are required for breeding purposes, thus the mean inten-
sity of selection is 1.34 ; and expected genetic gains per generation are
1.4 kg, 1.5 kg, and 6.2 kg for birth, 3-month, and 6-month weights respecti-
vely. The generation interval of 7.2 years discussed in Section 7.4 resulcs
in expected genetic gains of 0.19, 0.21, and 0.86 kg per year for birth,

3-month, and 6-month weights respectively.

Table 44. Genetic estimates of early calf weights.

Statistic Birth 3m 6 m
Between-sire degrees of freedom 13 13 1y
Within-sire degrees of freedom 537 537 537
Between-sire components of variance 0.84 2.30 16.78
Within-sire components of variance 9.96 62.18 190.86
Standard deviation ( Op) 3.29 8.03 14,41
Heritability (h2) 2 0.31 0.1 0.32
Standard error h2 ( Oh%) 0.15 0.4 0.16
Intensity of selection (1) 1.34 1.34 1.34
Expected genetic gain per generation (kg) 1.37 1.51 6.18
(i. Op. h2)

Generation interval (years) 7.2 7.2 7.2
Expected genetic gain per year (kg) 0.19 0.21 0.86













Figure 9 illustrates the mean changes in linear measurements and weight
of all animals from birth to 24 months of age. The coefficients of variation
of each of the three linear measurements at birth, 6, 12, and 24 months wece
872, 7%, 77, and 5 ¢ respectively, while those of weight were 18 7, 18 7,

18 Z, and 13 7 respectively,

10.2  Correlations and regressions between weight and
linear measurements

Table 47 nresents the corrclations and regressions between weight,
height, length, and girth, and the index constructed from "length x girthz”.
Virtually all correlations and regressions were significant within all 6
breed types.

Figure 10 illustrates the overall chanpe in weight per unit change in
each of the three linear measurements and the index at birth, 6, 12, and 24

months of age.
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Figure 10. Change in weight per unit change in linear measurements and index.
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10.3 Use of linear measurements

On several occasions (see, for exauple, Ross, 1958), heart girth has
been found to be the most satisfactory single measurement for estimating
body weight. The results laid out in Table 47 suggest the index "length x
girthz" to be marginally superior to heart girth, bur this index requires
twice the measurements. Therefore in this present evaluation of the use of
linear measurements for estimation of body weight at 12 and 24 months of age,

heart girth has been selected as the most practical single measurement.

The overall regression equations for calculation of ]2- and 24-month

weights obtair-d from the data in Table 47 are
12-month scight @y = - 151.8 + 2.39 «
24-month weight : y = - 226.5 - 3.14 x

The difference in the estimated weight and the actual weight recorded
was calculated as a percentage of the actual weight for the 182 animals at
12 and 24 months of age. The number of animals whose weights were estimated
to within twe, five, and ten percent at ecach stage are presented in Table 48,

along with the mean deviations and standard errors.

Table 48. Frequency of percentage differences in actual/estimated weights

at 12 and 24 months.

Frequency Mean SE of
Age deviation deviation
(kg)
<2 7 2-5% 5-107 210 2
12 m 37 30 43 72 10.9 1.04
24 m 42 50 5¢ 34 13.8 1.34

At 12 months of age the estimatced weight came within two per cent of the
actual weight in 207 of the cattle (37 out of 182); to within five per cent
in 377 of the cattle (37 + 30 out of 182); and to within ten per cent in 607
of the cattle (37 + 30 + 43 out of 182). At 24 months of age, the corres-

pouding values were 237, 517, and 813.

Estimation of weight from heart girth measurement in the field would
therefore appear to be a reasonable method for purposes such as calculation
of drug dosages dependent on body weight or indication of marketing weights.
However, the results suggest that for more precise operations such as selec-
tion on body weight, heart girth measurement is not a satisfactory substitute

for accurate body weight determination by weighing.
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Chapter 11

PRODUCTIVITY
711 Cow productivity

Table 49 indicates the annual cow productivity at Niono Zor the period

from rirst calviung onwards, in teros of milked-out vield, number and welght

of weaner calves, and proportion of final disposable cow body weight. This

last parameter is the averagu cull cow weight divided by the number of years

in the brewciding herd,

Table 49, Annud’ cow productivity,
Productivity Annudl prod. Losses due to Annuzl prod.
medsure of all cows of all cows
completing Stillbirths + Cow Pre- in herd
a proc. vear Dav | deaths deaths  weaning
deaths
Milked=-out vield 457 12 6 21 418
(k)
Swumber of weaner
calves 0.78 0.02 0.0l 0.07 0.68

welght of weaner

calf (kg) 62.7 1.6 0.9 5.7 54.5
Proporticn of final

available cow

(i) 48.8 - 1.4 - 47.4

wilght

The productivity measures in Table 49 take into account the important
traits of reproductive performance, milk production, pre-weaning calf growth,
and cow and calf mortality. Each vear in the production herd the average cow
produced 418 kp milk ; ©.h% 0 g weaner calf weighing 54.5 kg 5 and 47.4 kg
of its own final disposable live weight. In its l0-year lifetime, including
6.5 vears in che milking herd, the avecage cow thus produced 2717 kg milk ;
4.4 weaner calves weighing 354 ky ; and 308 kg of final disposable cow body

welght.
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1.2  Breed productivities

A comparison of breed Productivities in terms of annual cow production

is laid out 1in Table 50.

Tablé 50. Breed of cow Productivities.

Productivity Annual prod. Losses due to : Annual prod.
of all cows of all cows
completing Stillbirths + Cow Pre- in herd
a prod. year Day | deaths deaths  weaning

deaths

Milked-out yield

(kg)
Maure 471 6 7 51 407
Peul 413 20 5 38+ 349
Maure x Peul 486 7 7 53 420
Number of weaner
calves
Maure 0.78 0.0i 0.01 0.08 0.67
Peul 0.77 0.04 0.01 0.07 0.65
Maure x Peul 0.79 0.0l 0.0] 0.06 0.69
Weight of weaner
calf (kg)
Maure 63.9 0.8 0.9 7.0 55.2
Peul 59,2 2.8 0.8 5.5 50.1]
Mare x Peul 65.2 0.9 0.9 7.1 56.3
Prop. of final
Cow weight (kg)
Maure 49,5 - 1.4 - 48,
Peul 46.5 - 1.3 - 45,2
Maure x Peul 50.2 - 1.4 - 48,8

+ Data for Maure used, due to lack of data for progeny of M.P cows.

Table 50 shows the Maure to be superior to tuae Peul in ail cow
productive measures s 16 Z higher in milked-out yield s 3 7% higher in
number of weaner calves ; 10 Z higher in weight of weaner calf ; and 6 7
higher in final disposable cow weight. When these measures are weighted by
their apvoroximate economic values, the Maure pProves 13 7 superior to the

Peul in terms of overall cow productivity, while the Maure x Peul is

2 7 superior to the Maure.



PART 3

COMPARISON WITH RELATED DATA
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Chapter 12

SIMILAR PRODUCTION SYSTEMS IN ENVIRONMENTS
COMPARABLE TO THAT OF NIONO

12.1 Introduction

A major problem of animal production in Africa is how to make maximum
use of rescarch results produced in isolation. An cxample of this is afforded
by the Report of the First FAO Expert Consultation on Research on Trypanoto=
lerance and Breeding of Trypanotolercant Animals (FAO, 1976), which concluded
that although considerable work was still being undertaken on the productivi-
ties of trypanotolerant cattle types, little objective information had become
available. For this reason it was stressed that the emphasis should be on
comparisons between animals in a given cnvironment, rather than on measures

of absolnte value.

The building up of accurate animal production information is expensive
and takes time. Thus the pathering and comparison of data produced in isolation

throughout Africa is of utmost importance.

[t is not easy to accurateir compare the productive performances of the
Maure, the Peul, and their crossbreds at the Sahelian Station, Niono, with
data available from other regions of Africa, since climate, produciisn aims,
feeding, and management svstems diftfer so widely.

The initial approach in attempting comparisons was to build un a record
of stations in Africa where indigenous Zebu and Sanga cattle were, or had
been, maintained under conditions similar to those of the system at Niono for

beef, milk, and draught purposces.
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12.2 Climate

Assessment of the climatic conditions at each research station was
carried out under the headings of annual rainfall, number of wet seasons, and
altitude. Annual rainfall is the predominant influence on quantity, seasonal
distribution, and ecological composition of the natural vegetation, in addi-
tion te beiny the major factor ir rain-fed fodder crop production. Distinctions
must be made between areas with one or two wet seasons per year. Even a short
second wet season can greatly benefit the natural grazing conditions, in
comparison to similar rainfall levels occurring only once per year. Not only
altitude but also the micro-climate and ecology affect the physiology of the

animal.

Table 51 shows the climatic data for Niono and 16 research stations
throughout Africa where some results were available for approximate compari-
SONS.

Table 52 indicates the four climatic zones to which the stations were

assigned, using the Niono climatic data as the baseline.

Table 52. Climatic zones for comparison with Niono

Zone Mean annual No. of wet Altitude
rainfall (mm) seasons . (m)
I (NIONO) 500 - 600 | low (0 - 600)
1 a 350 - 500 ] low
Ib 600 - 800 1 low
11 800 - 1200 ] low
111 a 500 - 600 1 medium (900 - 1500)
IT1 b 500 - 600 2 high ( > 1500)
IV a 1300 - 1500 ] medium
1V b 800 - 1500 2 med ium
Figure 11 indicates on the map of Africa south of the Sahara the extent

of the different climatic zones and the positions of the 17 research stations.



Table 5!. Climatic data for 17 research stations.

Rainfsll (om)
Station Country Altitude Tewperature (°C) Vegetation zone Type of Station
Annual =)
No. of Months Mean Mean Mean
Mean Years seasons annual max. min.

Niono Kali 515 1966-76 ] May-October 277 27.2 34,1 20.2 Sahelo-sudanian Station d'élevage et de Recherches Zootechniques du Sahel
Dahra-Djoloff Senegal 397 1961-74 ! June-October 300 28.0a Sahelian Centre de Recherches Zootechniques
Toukounous Niger 443 1954-66 1 May-October $00a 26.6b 3s5.1b 18.0b Sahelian Station d'Elevage du Zebu Azaouak
Ghazala Cawazat Sudano 400—-500 1 June-October 500a Sahelian savanrah Animal and range research centre
Buiassa Nigeria 630b 1 Hay-October 600a 28.0a 35.0a 20.5a Sudanian savannah Livestock investigation and breeding centre
Dugondaji Nigeria 630b 1 May—October 600a 28.0a 35.0a 20.5a Sudanian savaonah Livestock investigation and breeding centre
Bornu Nigeria 635-660b 1 May-September 350-400a 27.0b 35.0b 19.0b Sudanian savannah Livestock investigation and breeding centre
Dalori Nigeria 635-660b 1 May-September 350~400a 27.0b 35.0b 19.0b Sudanian cavannah Livestock investigation and breeding centre
Shika Nigcria 1090b i April-October 400a 25.0a 31.5a 18.5a Korthern Guinean Agricultural research station
Birnin Kudu Nigeria 800-1000a 1 April-October 600a 26.5a 32.%a 18.5a Northern Guinean Livestock investigation and breeding centre
Kabowo Nigeria 80010008 1 April-Octouer 600a 26.5a 32.5a 18.5a Northern Guinean Livestock investigation and breeding centre
APRU network Botswana 519 1969-75 1 September - April 900-1200 21.5 29.5 13.0 Bush savannah Network of 13 breeding stations
Naivasha Keanya 573 1972-73 2 March-June/ 1600 18.5 28.0 8.0 Bush savannah National animal husbandry research station

October-December
Vom Nigsria 1300—1500a 1 March-October i280 22.0a 28.6b 17.0b Open savannah Livestock investigation centre (Fed. Dep. Vet. Res.)
Mbarara liganda 864b 2 March-June/ 1430 21.0 Woodland savannah Stock farm

September-November
Entebbe Uganda 1520b 2 March~June/ 1130 21.0 Lakeshore savannah Livestock experimental station

Septcwber-November
Serere Uganda 1380 2 March-June/ 1100 23.0 29.0 17.0 Woodland savannah Rescarch station

September~November

a = estimation from topographic/climatic maps
b = approximate figure
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Table 54. Summary of sources of comparative information.
Climatic  Country Research Reprod. perfor. Milk prudUFtion Weight development Cow Mortality
zone station Age at Calving Lact. Lact. Daily Annual Pre-weaning Post—weaning wt Pre- Post-—
fxrsg interv. yield leng. 1§ct. yield B 3m Hm 12m 1Bm 24m 30m weaning weaning
calving yield
1 Mali Niono + + + + + + + + + + + + + + + +
1a Senegal Dahra-Djoloff + + + + + + + + + + + .
Ia Niger Toukounous + + + + + + + + + + + + +
Ia Sudan Ghazala + + + + +
Gawazat
Ib Nigeria Bulassa + + + + + + + o+ o+
1b Nigeria Dogondaji + + + o+ o+ + o+ o+ o+
Ib Nigeria Bornu Ranch + + + + + + + + +
1b Nigeria Dalori + + + 0+ o+ + o+ o+ o+
II Nigeria Shika + + + + + + + + + + + + +
11 Nigeria Birnin Kudu + + + + + + + + +
11 Nigeria Kabomo + + + o+ 4+ + o+ o+ o+
11T a Botswana APRU netw. + + + + Up to 2 years of age
IIT b Kenya Naivasha + + o+ O+ + o+ o+ o+ +
IV a Nigeria Vom + + + + + + +
IV b Uaanda Mbarara + + + + + + + + +
IV b Upanda Entebbe + + + + + +
IV b Uganda Serere + + + + + + Probably up to ! year

of age
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Additionally, manv vital paps in information available through reports
and publications necessitate communication with individual stations. Thus the
aim of Chapter 13 in this first specialist study is more to illustrate the
approach than to attempt an overall comparison of production results at Niono
with those from other research stations in Africa : the latter will be under-
taken when the follow-up programme with individual stations has been comple-

ted.



Chapter 13

NIONO RESULTS IN RELATION TO THOSE FROM

COMPARABLE SOURCES

As noted in Section 12.5, there are many gaps in the assessment of
productivities on the 16 comparative research stations that remain to be
filled by individual communications. Completion of this task is necessary
before a precise picture of total output (meat, milk) per unit weight of
cow per year in the different climatic zones, as retated to the prazing and
supplementary feeding svstems emploved, can be built up.

Tables 55-60 show the presently available comparisons of the important
traits of age at first calving, calving interval, milk production, pre-
weaning weiphts, and cow body weight. Only brief comments on cach of these

traits, plus mortality and productivity can be presented at this time.

Age at firs:t calving @ In compariseon with data received from the other

stations, 12¢ at first calving at Nlono appears reasonable ; and when the
significant annual improvement is considered, there would seem to be little
problem with this trait. However, the supplementary feeding reginme is above

averagi,

Calving interval : The calving interval at Niono appears rather long in com-

parisnn with Intervals at the other stations, especially as the supplementary
feeding rezime 1s above average. However, the lactation stress may be greater
since Niono cows are hand-milked and also suckle their catves. The signifi-

cant rvduction achieved each year is encouraging.

Milk production : The total annual yield (milked-out plus calf-utilised)

appears satisfactory when compared to the yields at other stations, but

regular improvement in yield has not been achieved cvery year,



Pre-weaning weights : Pre-weaning weights are below average. The fact that

daily live weight gain is no higher than at any post-weaning stage suggests
that the amount of milk received by the calf ifter hand-milking is completed
limits pre-wecaning growth. Significant improvement in pre-weaning weights
was achieved cach year, and the possibility of further improvement through

selection is good.

Post-weaning weights : Post-weaning growth rates were good, but weight for

age remained below average, still affected by poor pre-weaning growth.
Significant improvement in post-weaning growth was achieved each yecar, and

the possibility of further improvement through selection is good.

Cow body weight : At Niono, co. hody weight tended to be slightly lower than

at the other stations represented,

Mortality : Only one station, Dahra-Djoloff, has information covering total
annual herd mortality over a number of years : 6.21 7 is reported. The equi-

valent value at Niono is 7.04 7%.

Productivity : Before productivity comparisons can be meaningfully construc-

ted, the many gaps covering individual trait values illustrated in Table 54
must be filled. Comparisons can then be carried out, based on output of meat
and milk per unit weight of cow per year, in relation to the supplementary

feeding and grazing systems employed.






Table 56.

Calving interval.

Station Country Clima- Breed Investi- Feeding Period Calving interval Signif. Signif. Ref.
tic gation managem. of data records , env. breed
zone purpose system collection n’ X s.e. h effects effects

Niono Mali I Maure Beef, 225 470 r=.23 Year of

Peul milk, D/G 1966/73 216 474 25 calving

MxP draught 85 460
Dahra- Senegal I a Gobra Beef C/E 1955/70 1257 473 8 6
Djoloff Gobra Beef D/E 1970 23 378 35

Gobra Beef C/E 1970 23 409 41
Toukounous Niger Ia Azaouak Milk B or C/E 1962/66 683 535x
Ghazala Sudan I a Western Beef A/E 1959/60 148 615 14
Gawazat Baggara
Bulassa Nigeria Ib Sokoto Gudali  Milk C/F 1968/70 v 82 496 16 24
Dogondaji Nigeria I b Sokoto Gudali Beef C/E i568/70 v 132 439 11 24
Bornu Nigeria Ib Wadara Beef B/E 1965/70 v 309 533 22
Dalori Nigeria I b Wadara Milk B or C/F 1965/70 v 103 444 22
Shika Nigeria II White Fulani Milk C/F 1959/72 1336 411 25
Birnin Kudu Nigeria 11 White Fulani Milk C/F 1965 v 129 388 7 23
Kabomo Nigeria 11 White Fulani Beef C/E 1965 v 101 436 12 23
Vom Nigeria IV a White Fulani Milk D/F 1946/56 347 367 9

White Fulani Milk D/F 1968/69 25 362 2
Mbarara Uganda IVb  Ankole Milk D/F 128 342

Small E.A.Zebu Milk D/F 1956/61 86 347 4 16
Entebbe Uganda IVPE Hganda Milk D/F 1947/56 420 9 11
Serere Uganda IVb Small C.A.Zebu Milk, A or B/G 1943/51 382 7 18

beef A or B/F* 1947/56 373 5 -0.01 F sign. diif. ]9'
A or B/G" until 1963 387 7 +0.30 of G and G

APRU Botswana III a Africander Beef 1875 606x
network Tswana Baef A/E 1970/75 426 535x All

Tuli Beef 527 475x% breeds ]
Naivasha Kenya IIT b Boran Beef B or C/E 1969/74 591x 13

v : exact period nnt known, estimations

x : calculated from calving percentage

* : calves being suckled/throughout day, cows

milked morning onlv
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Table 58. Pre-weaning weights.

3
Station Country Clima- Breed Invest. Feeding Period Birth weight 3 month weight 6 menth weight  Daily ht Signif. Siguif. Ref.
tic purpose managem. of data pain envir. breed
zrne system collection No x s.e. No X s.e. No % S.e. © effects effects
Niono Mali I Maure Beef, 231 21 231 54 231 82 339 B = .3! Year, sex, 3m x 6m
Peul milk, G/D 1968/74 89 20 0.3) 89 4o 0.95 89 76 1,44 331 3m= .14 month, Peulcothers
M x P draught 4 20 94 51 94 78 322 6 m .32 parturition,
feed svstem
Dahra-Djoloff Senegal Ia Gobra Beef E/C 1965/70 460 24w 460 60w 1.5 362 92w 9.9 372 4
Gobra Beef E/D 1968/71 41 22w 0.30 42 64w 6.8 4 122w 2.4 546 Feed sys*em
Toukounous Niger I a Azaouak Milk E/B or C 1959/64 962 20 68 94 426 3
Ghazala Sudan Ia Western Beef E/A 1959/60 133 23w 133 97wy 404 15
Gawazat Baggara Beef E/A 1962/64 8C 21w 0.46 80 Thwy 1.28x 302 16
B 0.72
Bulassa Nigeria Ib Sokoto Gudali Milk F/C 1958/70 v S0 22 0,27 70 62z 1.72 65 96z 2.72 206 ‘3 m = 0.04 24
N . : . - 6 = 0.
Dogondaji Nigeria Ib Sokotc Gudali Beef E/C 1968/70 v 171 22 0.27 9% 76 2.0 s7 113 2067 L9n P70 2
Bornu Nigeria I b Wadara Beef E/prob. 1965/7C v 263 23 0.23 48 80 2. 65 113 2.72 49;\\‘3 m = 2.68 22
B 6m 0.92
Dalori Nigeria Ib Wadara Milk F/prob. B 1965/70 v 359 24 0.18 185 61 a.9 198 79 1.45 301 22
or C
Shika Nigeria Il White Fulani Milk F/C 1959/70 775 23 0.09 610 62 0.6 625 101 0.7 426 25
Beef E/B 1973/74 37 24w 37 129wy 580 7
Birnin Kudu Nigeria I1 White Fulani Milk F/C 1965 v 118 22 0.4 77 64. 1.5 77 130 2.4 590 B = 0.4 23
Kabomo Nigeria II White Fulani Beef E/C 1965 v 84 23 0.5 70 81 1.4 44130 3.5 585 23
APRU network Botswana III1 a Africander Beef E/A 1469 30 1360 150v 667
Tswana Beef E/A 1970/75 975 31 943 156y 699 1
Tuli Beef E/A 438 29 431 153y 686
Naivasha Kenya II1 b Boran Beef E/prob. B 1971/72 44 28w 44 93w 44 146w 645 13
or C
v : exact period not known, estimations
w : calculated from separate male and female weights

females only

calculated from 7 months weaning weights

calculated on the basis of individual weights



Table 59.

Post-weaning weights.

Station Country Clima- Breed lnvest. Feeding Pericod 2 meath weipht 18 month weight 24 month weipght 30 month weight Signif. Signif. Ref.
tic purpose managem. of data env. breed
zone system cullection No X G No % s.v.  No * . Ko M 6t vffects effeces
Niono Mali 1 Maure Beef, 98 122 98 179 a2 K Pﬁal Year,
Peul milk, D 1968/72 28 118 3.45 28 164 1,74 JROlo 3.1 IR 47 Y month,
MxP draught 46 125 ab 178 b2l L Jh?{ sew
Dahra-Djoloff Senegal 1 & Gobra Beef C 1965770 419 13bw 2.0x 3100 1HOwW 2089 2un 23R 2.4y Pat 2HHW v.7x Feed 4
Gobra Beef D 1968/ 7t 42 228w 5.8 42 V9w 7.0x% A0 420w 9.x system
Toukounous Niger 1 a  Azaouak Milk B or C 1959/64 126 168 188 248 3
Ghazala Sudan 1 a Western Beef A 1962/64 80 135y 4.3 15
Gawazat Baggara
Bulassa Nigeria I b Sokoto Gudali Milk B 1968770 55 126z 3.5 46 1652 h.b 43 2082 5.1 34 245z 5.8 24
Dogondaji Nigeria 1 b Soketv Gudali Beef B 1968/70 57 113 2.7 49 199 5.2 5 240 4.3 7 300 10.1 24
Bornu Nigeria 1b Wadara Beef B 1965/70 113 145 2.7 111 189 3.2 1.8 20! 3.0 103 257 4.7 22
Dalori Nigeria I b Wadara Milk B 1965/ 70 180 111 2.2 148 135 2.5 131 16D 3.7 113 178 1.6 22
Shika Nigeria 11 White Fulani Milk B 1959/70 522 150 1.1 392 188 0.9 345 226 1.5 313 266 2.2 25
®irnin Kudu Nigeria 11 White Fulani Milk D to 12 m 1965 69 180 3.2 62 236 4.1 42 277 5.3 30 299 23
C after
Kabomo Nigeria 11 White Fulani Beef D to 12 m 1965 22 209 6.2 9 255 8.0 8 333 8.1 23
C after
Mbarara Uganda IV-k. Ankole Milk B 1955/63 190 137w 3.6 175 196 3.8 20
APRU network Botswana 111 a  Africander Beef A 985 27 TSU?na,
Tswana Beef A 1970/75 690 284 Tuli - i
Tuli Beef A 309 283 Africander
Naivasha Kenva 111 b Boran Beef B or C 1969/72 78 211w 62 265w 49 299w 35 350 13
v exact period not known, estimations

<

calculated from separate maic and female data

calculated from standard deviation

calculated from 14 months weight

females only



Table 60. Cow body weights.

Station

Country Climatic jreed Feeding Numbuer Weieht (kg Ref.
zonge management
system
Niono Mali 1 Maure D 122 322
Peul D 36 302
Mx P D 54 326
Dahra-Djoloff Senegal Ia Gobra D 63 380 10
Selected
herd
B or C 71 350 i0
Unsclected
Toukounous Niger I a Azaouak A or B 325 3
Ghazala Gawazat Sudan I a Western A 272-34 14
Baggara
Naivasha Kenya IIT b Boran B or C 139 372 13
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weight 26

Disease 19, 22, 59
Dry period
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comparative data 89, 90
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comparative data 98
correlation with yield 48
environmental effects 37, 41
genetic parameters 39
linear trend 38
rainfall 38

Lifetime performance, cow 83

Live weight, scve birth, pre-

107

weaning and post-weaning weights
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comparative data 94, 98
correlation, lactation length 48
correlation, milked-out calf-
utilised 31
environmental cffects  43-47
recording of 20-22

/,

repeatabilicy 49, 32

(o1

Milk quality, sce butterfat
Milking

method 13, 15, 16

methods, comparative 91, 98
Mortality

ages, values at different 58

breed 60

causes 59

recording 26
Niono, see Sahelian Station
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and post-weaning weights

Printed by afropress Itd., Lusaka Close, off Lusaka Road, P.O. Box 30502, Nairobi





