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Abstract

Undernutrition of cows grazing semi-arid range asesult of drought or heavy stocking rates
reduces prenatal and pre-weaning growth of thdiresa A mechanistic model has been developed that
simulates the productivity of vegetation and cattbesemi-arid savanna rangeland in southern Afki¢laen
cows are stocked at 0.200 cows/ha instead of @a@2B/ha the model predicted that empty body weights
their progeny at birth and weaning would be reduzg@.9 and 43.8 kg, respectively. If all youngraais
are stocked at 0.22 animals/ha after weaning, rdiffees in empty body weight at weaning are preditde
persist almost unchanged for a further two yeang. Model also predicted that undernutrition ofleaiged
21 months would be followed by partial compensammywth. Comparison of simulated results with data
from experiments in Zimbabwe indicates that the ehodalistically simulates the effects of stockmage on
cattle growth.
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Introduction

Cattle grazing semi-arid range may be subjectdoviantakes of metabolisable energy and protein as
a result of drought, high stocking rates, or dutimg dry season low digestibility and low proteontent of
the forage (Butterworth, 1984). The growth and nyikld of cattle are reduced during such periods of
undernutrition. Growing animals respond in diffdremys to nutritional restriction because of diffieces in
age at the start of undernutrition, the severitg auration of undernutrition and the availabilitpda
composition of food during rehabilitation (O’Donawal984). Severe chronic undernutrition of cattle i
early life reduces growth and leads to smaller aisrat any age (Morgan, 1972; Greenwood & Café700
Undernutrition of breeding cows during the lasintster of gestation leads to a reduction in biréigit
(Richardsoret al, 1979) and in the cow’s milk yield (Richardsenal, 1977) as a result of the effect of
undernutrition on udder development (Mellor & Mwyrd 985) so that pre-weaning growth is also reduced
On the other hand, compensatory growth may occuamgeland cattle subjected to undernutrition after
weaning. For example, Ainslie (1958) reported théien steers were subjected to different planes of
nutrition between weaning at 8 - 9 months of age &2 months the difference of 23 kg between group
means was eliminated when all animals grazed tegettihout being given any supplementary food his t
paper a mechanistic model of a rangeland produstistem has been used to explain the differenbregs
to retardation of growth that have been recorddterliterature.

Materialsand Methods

A comprehensive mechanistic model of forage andiddal animals and the interactions between
them has been developed using published informatnuhestablished theory (Richardsral, 2000). The
model partitions daily rainfall between runoff, iltrition and drainage and also simulates the @issoil
moisture by evaporation and transpiration. Foragelyction is modelled in relation to soil moistaned the
present potential for growth. Prediction of meta&aille energy intake is an important componenthef t
model. The simulated intake of growing animals he smallest of those predicted by three different
mechanisms (Popget al, 1994). These are the rate at which the animalblis to harvest forage, the physical
capacity of the digestive system and the animaitemtial for growth. The rate of harvesting depeoshe
breadth of the dental arcade and the maximum nuwibeaites per day which increases from zero in esilv
less than seven days old to a maximum of 38 00Cétldy weeks. The rate of harvesting of foragdse a
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dependent on forage density assuming a sigmoicbnespto calculate an adjustment fac¥yrEquation 1
(Thornley, 1998).
¥ (XK /(1 + k)Y 1)

Where X is forage density, kg/h& is the forage density at which intake is half o&ximum
potential andj is a steepness parametarthe model the upper limit to voluntary intakepiosed by the
capacity of the digestive systehg, is determined from faecal DM outpgy,, and the metabolisability of
the diet,Qq, Equation 2. The factor 0.82 is the ratio betweetatraisability and digestibility of forage diets
(Kahn & Spedding, 1984).

lgs= Fom / (1 — Q/0.82) (2)

Dental arcade breadth in continuously growing atgmacreases with live weight and mature
weight, Figure 1, but does not decrease if the animal lagéght. Digestive system capacity is measured as
potential faecal DM output that is related to lweight in animals that are gaining weight (Figude 1
(Butterfield, 1988). Faecal output reaches a mawinwhen live weight is 0.75 of mature weight. Ifdiv
weight increases beyond 0.75 of that at maturigntthe capacity of the digestive system decreasesa
the accumulation of fat in the body cavity. Thicid®se is reversible if the animal loses weighssLm
weight in animals less than 0.75 of mature weiglgsihot lead to decline in faecal output.
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Figure 1 Dental arcade breadth and faecal output in relationaturity of live weight.

Metabolisable energy intake is partitioned betweintenance, accretion/depletion of body protein
and fat, conceptus growth and milk production, ggime method of Finlaysoat al (1994). The model
simulates the effect of nutrition on udder develeptduring the final 100 days of pregnancy as liais a
major effect on subsequent milk yield. In this paje model is used to study the effects of undeitran
of breeding cows on the prenatal, pre-weaning asthweaning growth of their calves.
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Results and Discussion

The model was evaluated by comparing model outgtlt the results of an experiment in South
Western Zimbabwe that examined the performancedividual cows subjected to widely different stouki
rates, 0.123 (LSR) or 0.278 (HSR) cows/ha, durimecsssive years. Calves were weaned individually at
270 days of age and allocated to post-weaning stgchte groups balanced for dam’s stocking rate asd
body weight at 90 d (Richardson, 1983). The posimreg stocking rates were 0.22 and 0.43 animals/ha.
The experiment was carried out on a large heteemgenarea of land that included rocky hillsides, fand
and fertile riverine areas, while the grass gromtidel was developed from experiments on a unifara a
of flat land. Every effort had been made to allecaquitable areas of each type of land to eaclkkistpcate
treatment, but the proportion of high quality gragallocated to the heavy stocking rate treatmeayt have
been greater than that for the light stocking r&@ensequently, simulations of the HSR treatmentewer
performed using two values for stocking rate, 0.2 0.200 cows/ha. Model predictions of cow arifl ca
live weights were closer to the observed valueth& stocking rate of 0.200 cows/ha was used. The
performance of cows and suckling calves was siradldor the years, 1978/9 and 1979/80, using the
recorded rainfall data. During the 1979/80 the nh@dedicted that the calves of LSR calves were iegat
birth than those of HSR cows. The differences ve-lveight increased progressively until weanin@ &
days of age (Table 1). The simulated effect oflstarrate on live weights at birth and weaning welosely
similar to those observed in the field experimdrahle 1) (Richardson, 1983). The model predicts tER
calves consumed more milk and herbage, 747 ank&5tespectively, than HSR calves, 602 and 428 kg.
Among animals stocked at 0.22 animals/ha after wgathe model predicted that animals whose dams had
been stocked lightly would increase their weightaadage slightly until slaughter at two years sewemths
(Table 1), while the experimental results showeat that the calves of LSR calves maintain theiighte
advantage during the same period. The small progéiSR cows consumed less forage between weaning
and slaughter, 2564 kg, than the progeny of LSRs¢c@®61 Kkg.

Table 1 Model predictions of live weights, kg, of the pemy of cows subjected to different stocking rates
and all maintained at a light stocking rate afteaning compared with observations from the experirime
SW Zimbabwe reported by Richardson (1983)

Stocking rates of dams while suckling, cows/ha

0.123 0.200
Model Observed Model Observed
Birth 30.4 31.2 27.5 28.8
Weaning 175.4 176.2 131.5 134.2
19 Months 290.5 271.2 1315 134.2
31 Months 383.2 383.6 324.5 353.9

*The heavy pre-weaning stocking rate for cows aaldes in the experiment was 0.278 cows/ha.

The model was then used to study whether animad a§ months that had attained a weight of 278
kg and subjected to undernutrition during theirosecdry season that caused a loss of 40 kg woultbiex
compensatory growth. The model predicted that whemnrestricted and unrestricted animals grazedhege
as one herd, the difference in live weight wouldréduced to 27 kg within 140 days. The reasonHiwr t
partial compensation was that the maturity of capaaf the digestive system was similar for botle th
restricted and unrestricted animals until they w&3@ days old. Consequently due to their lighteighteand
lower maintenance expenditure they were able toaulseger portion of their dietary energy for g#iran
their larger unrestricted contemporaries. Partahgensation of this magnitude by unsupplementedalsi
when compared with those given a protein supplemvastreported by Murragt al (1936).
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Conclusion

The model predicts that potential forage intakegiowing cattle is a function of maturity of live
weight but does not decrease if an animal loseghtelThis explains why the capacity for compensator
growth varies with age when under-nutrition occtitee model predicts that on semi-arid range theesabf
heavily stocked cows do not compensate for theeeffaf pre-weaning under-nutrition even at liglocktng
rates.
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