/’_\f"}//

34347

Computer experimentation with an
energy-based simulation model of
animal production in the eastern

RV

Recewved March 1988 revised May 1988

] savannas of Colombia

c
P K Thornton?

[RG Lo CCCUMENTACIOICentro Intemacional de Agrcultura Tropical AA 6713 Calh Colombia

T

Results of preliminary expenimentation with a computer based simulaticn model of beef production 1n the
Eastern Savannas of Colombia are reported The energetic consequences of varous uses of sown pastures
are examined with reference to thewr long term biological feasibility The quality of grass legume mixtures
currently under evaluation at the International Centre for Tropical Agnculture 1s such that the availabihty of
energy in the extensive anmimal production systems 1s miting dunng the dry season as it 1s for traditional
savanna based production systems A number of options are tdentified which appear to amehorate this
constraint Dual purpose beef and milk systems based on the use of sown pastures are viabte and productive
owing to the increased availability of energy in the wet season
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The extensive amimal production sysiems in the
Eastern plains of Colombia are onentated towards
breeding and fattening for meat production Produc
tion levels on native savanna are of the order of 45
kg animal™! year™' The region falls wthin the
mandate area of the International Centre for Trom
cal Agneulture (CIAT) The Tropical Pastures Prog
ram (PP} in CIAT s concerned with the 1dentifica
flon testing and dissemination of introduced genetic
matenal that 1s capable of raising production levels
under tow nput conditions and of withstanding a
four month dry season and acid inferhile soils {mam
ly Oxisols pH 45 80"0 Al saturation) Altogether
there are some 3 x 10° ha of acid nfertile soils in
Latin America within the Program s mandate region
Problems associated with the near zero opportunity
cost of low qualty native savanna forage species
coupled with its abundance and poor infrastructure
and low capital availability limit any use of pasture
sown to small areas for most producers

One objective of the TPP 1s the wdennfication of
management methods which make cfficient use of
small areas of well adapted grass lequme pastures
whose quality s higher than that of the surrounding
native savanna A simulation projecl was set up with
the aim of aftempting to idenhiy alternative uses of
sown pasture that could then be tested on {arm This
Paper describes a senes of simulations carned out
with a computer model whaose modus operand 1s
the flow of energy m the system some prommsing
production alternatives are identified

Methods

The model used was that of Kahn {Kahn and
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Spedding 1983 1984 Kahn and Lehrer 1984)
with modifications for savanna production systems
{Thomton 1988) The model operates around the
fiow of enerqy that s matenal of a certain quahty
and quantty 15 ingested by the ammal and the
energy 15 parthioned among various requirements
for example growth reproduction lactation and
achvity expenditure Required mputs include gen
etic potential parameters such as maximum anmal
liveweight and rmilk yield and environmental para
meters such as standard energy expenditure and
forage quality and avaldabiity The model under
went extensive vahdation when it was ongmally built
{Kahn and Spedding 1984 Kahn and Lehrer 1bid )
and validation to test the modificabons made for
Colombian conditons 15 described 1in detall else
where (Thomton 1hid} Simulated results were 1n
general agreement with the production levels typ
cally observed in the Eastern plains With regard to
sensitivity analysis the model reacled sensibly to
small changes 1n important mput parameters 1t was
concluded that the model was capable of simulating
mcreases in the energy status of the herd brought
about by the feeding of forage of medium quality as
opposed to the nalive savanna species of low
mherent quahty

Energy has been identified (I ascano and Spain
1986) as the prnmary himifing resource In the extant
production systems Other lmitations of less general
importance include mineral and protein deficien
cies under certain conditions the wmadence and
severity of anmal disease do not constitute a masor
constramnt to production An energy based model s
thus well suited to the investgation of possible use
to which improved pasture rught be put in such
systems While the emphasis on energy 1s not mis
placed 1t does put a considerable burden on the
prowision of dependable mformation relating to the
quality and gquannty of forage available to the ani
mal The approach taken was o assume that savan
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na acts as the buffer between the ingestion of
improved pasture 1f any and starvation 1ts availa
bibity per se 1s rarely hmiting whilst 1ts quality usually
s The mter face between the anumal and the pas
ture has recewed some attenbon through the con
struction of a conceptual pasture growth model but
it must be adrmitted that pending rigorous valida
tion 1t 18 currently unknown how suitable the model
built for grass legume mixtures s in terms of general
predictive power and flexsbility Monthly values of
{forage digestiility were used which were unchang
ng from year to year The native savanna treated as
a homogeneous resource {a gross but necessary
simphficaton) exhibited a mean annual digestibihity
of 44% while the grass and legume components of
the sown pasture had digestibhhties of 48% and
58% respectively A simple growth model was used
{o asceriain forage availlabiiity at any hme {see
Thomton 1988) Ration rules were imposed such
that 1f availabiity armmal umt ! day™! fell below a
certain fixed level all arumat mobs having access to
improved pasture were moved onto savanna until
sufficient biomass became available Animal effects
on pasture were assumed to be hmited to its rémov
al which 15 not an unreasonable simplhfication
view of observed sustainable siocking rates of 0 2
and 10 stock umts ha™! for the savanna and a
grass legume pasture such as Andropogon gayanus
Kunth var bisquamulatus cv Canmagua 1 and
Stylosanthes capitata Vog ¢cv Capica (CIAT 1985)
respectively

Sinulation runs were carried out over 18 years
with a self replacing herd of 30 breeding animals
whose age structure and physiological status at the
start followed closely those observed in savanna
systems (Vera and Sere 1986) Simulation routines
were wrtten manly in FORTRAN 77 Anmals were
weaned 270 days after bith and the culing of

breeding stock took place every August and Decem
ber on the basis of age or infertility At each of these
dates the herd of recenily weaned amimals was
disposed of unless the treatment concerned modi
fied such decsion rules The total area of land
available to the herd was 150 ha Concephon (the
occurrence of oestrus and the occurrence of con
ception following oestrus) animal death and calf sex
at birth were defined to be stochastic events so
rephcation was carmed out The levels of vanablity
thus introduced were small but n the absence of
expenimental data 1t 15 essentially unknown how
these levels relate to real life levels of system
vanability over long penods of time =g~ =~

Results

Model output for mine selected treatments was
assernbled and tabulated (Table 1) The first of these
treatments represented a savanna production sys
tem whilst for all the others the herd had access to
areas of sown grass legume pasture

Provision of 30 ha of improved pasture in con
junction with an unchanaging set of decision rules
(Treatment B) resulted in clear increases i produc
tion levels over the savanna sysiem {Treatment A)
Death rates the average conception inlerval and the
age of first calving were reduced whilst conception
percentage weaning weight and sales increased by
factors of 185 1 11 and 2 38 respectively Com
panson of the distnbution of conceptions through
out the year for these two systems {Figure 1) showed
that the prowvision of improved pasture tended to
induce marked seasonality into that system a lagged
response due pnmanly to the flush of higher quahty
pasture that became available to the herd at the
commencement of the wet season {March—-April)

Table 1 Model results for nine selected treatments showing the means and standard ermors for 21 replicates

SU = stock umt

Average number Age at first Conception

Weaning  Adult Interral rate
Conception  weight  mortality Sales of retum
perceniage kg % kgSU ' ! %

stock urts cahing nterval Production

Treatment in herd years days kg SU'yr !
A 150 ha savanna 32 03 40 001 626 41 40 03
B 30 ha improsed

pasture {[P) 42 02 31 001 389 08 74 03
C [P ~ harsher

culling 41 01 30 001 3% 09 71 03
D IP ~ seasonal

breeding

mondhs 57

{SB1) 39 0t 33 002 43t 19 74 0>
E IP ~ seasonal

breeding

months 6-2

{(SB2) 43 01 31 001 3%9 08 71 03
FIP - eary

weaning at 7

months (FW) 4 02 30 001 38 03 66 03
G IP ~ mik offtake

proportion of

(0333 (MO a0 01 31 001 382 0% 67 04
H P - milk offiake

proportien of

0333 dunng

wetl season

only (MO2) 41 01 31 001 38 08 71 03
| [P+ M0O2~

SB2 42 02 31 001 390 09 o 03

47 02 133 03 i1 02 34 05 30 083
05 14% 63 8§ 02 8l 05 133 217
31 04 148 03 o 02 & 06 44 150

2

72 0> 148 03 7 02 81 07 56 239

8 05 14 03 7 02 8y 06 149 135

8 06 131 03 7 02 79 07 145 183

8 06 129 03 7 02 73 06 245 328

®

0> 133 03 7 02 9 07 232 229
8 04 131 63 5 02 8 06 2o 223
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Figure 1 Monthly occurrence of conceptions ower
eighteen years for herds of breeding cows on diets of O
natne savanna B mproved pasture

The model was highly sensitve to changes in
overall system quality The response curve relating
average diet digestiibity to production {Figure 2)
exhibited dimimishing marginal production returns
to ncreases in diet quahty The shape of the curve at
its base suggests that a self replacing herd on a diet
consisting solely of natve savanna was not far
removed from being the worst production system
that could shl retamn its biological viabihity 1n the long
un

Harsher culing policies where breeding arumals
were sold ofl 1n response to earler signs of infertithty
and where the maximum age of breeders was
reduced (Treatment C) resulted 1in a beneficial mar
ginal effect through a lowenng of the death rate for
adult animals Such arnimals otherwise lost to the
system coninbuted to increased sales The removal
of older less fertile ammals and their replacement
with younger more ferhle amimals might be ex
pected to have a benehcial effect through herd
rejuvenation although there 1s no clear evidence of
this from Table 1

Imposihon of a three month breeding season had
a detnmental effect on produchon levels when
compared with year round breedmng (Treatments D
and B} Short breeding seasons may be expected to
be beneficial 1in situations where the conception
interval is less than one year this was not achieved
i any of the treatments considered In view of the
11% increase in concephon interval for Treatment
D # was concluded that the plane of nutntion was
not high enough to support a short breeding scason
However a nmine month breeding season {Treat
ment E} led to increased sales despite lower wean
ing weights By precluding the possibihty of cabvings
dunng the dry season when ammals were under
considerable stress energy that would have been
used for mlk production could go to maintam body
wetght mnstead

The effects of weanng at seven months of age
rather than at nine (Treatment F} were equivocal
The conception nterval decreased shghtly but sales
and production suffered Early weaning in systems
of low to medium productiity have been shown to
have beneficial effects (CIAT 1986) but it may be
that any benefits are due to factors to which the
model 1s sunply not scnsiive

Dual purpose beef and milk systems wete feas:
ble even for maximum milk yields of only 5 kg
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Figure 2 Response of the beef model to increases in

mean diet digeshbilty B produchon (kg slock umit™!
year™!) + weaning percentage

Table 2 Milk offtake proportion and its effcct on wean
ing werght and annual production

Producton |
Milk offtake Weaning weight kg stock urut ™!
proportan kg year~
Q0 GQ0 148 74
0250 133 69
0330 126 67
0375 126 59
0500 {not feasible}
day~! for a range of offtake proportions {Table 2)

Production suffered when mulk was removed alt year
round (Treatment G) but stopping offtake during
the dny season {Treatment H) restored produchion to
levels approaching those of Treatment B The trans:
tion from year round to seasonal milk offtake re
duced the probability of calf death due to insufficient
energy infake dunng the dry season

When seasonal qulk offtake and the nine month
breeding system strategies were combined sales
and reproductive performance were restored to
levels comparable with Treatment C despite lower
weaning weights (Treatment 1} Each of these
energelic effects were thus additne to a degree
there was an excess of energy in the system during
the wet season when 1t could be safely removed in
the form of milk for profit Energy was hmiting
during the dry season and improved biological
performance was obtaned if energy (as milk) was
rernoved from the cow neither by suckling nor by
offiake for human consumption

An indicaton of the economic performance of
improved pasture systems 1s given m lable 1 in
terms of the internal rate of return of each treatment
The supenonty of the dual pumpose systems s
apparent although such analysis fails to take
account of the levels of expertise necessary for the
successful operation of such a system In addition
ranchers may be more interested in the effects of
vanous production alternatives to their cash flow per
se rather than on the overall profiabshty of such
investments The financial feasibility of small invest

ments in sown pasture has been documented else
where (CIAT 1986)
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Conclusion

The results of this analysis indicaled that the quality
of improved pasture sown at the present tirne 1n the
savannas of Colombia appeared io be insufficiently
high {o support short breeding seasons since n
adequate numbers of animals were able to build up
body weight to the point where re conception with
in one year was probable No benefits could be
found to early weaning although 1t 15 possible that
any advantages demonstrated in the feld are due to
hormonal rather than to energetic effects Dual
purpose systems were biologically viable {or a range
of milk ofitake rates Energy was linuting during the
dry season but detnmental effects on long term
herd stabiity and productwty could be avoided to
some extent by a nine month breeding season such
that no calves were suckled dunng this time and by
removing mitk from the herd dunng the wet season
only There are a number of irmplicatons of chang
ing to dual purpose systems not least the increase
in the level of management mput required to oper
ale such systems Stncter culling of the breeding
herd was one wmprovemeni identified that would
involve little extra management input

The options identified above involve relatively
gross changes in system quahty brought about by
the use of sown pastures of highetr inherent digest
bility than that of the native savanna species The
identification of other less profound changes to the
extant produchon systems that are shll benefcial
could be expecied to be facihtated by improvements
to the empirical specification of the model used The
pasture component 15 awatting ngorous validation
and field tnal data suitable for this purpose are in the
process of being generated The model would also
benefit from a fuller treatment of the interface
between the arurmal and its pasture Such measures
could be expected to enhance the resoluhon and
hence the usefulness of the model
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