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ﬁlLK PRODUCTIQN EESPO&SE OF BAIRY CﬁWS KLY CONGENTRATE IN COiﬁMBIA*

By

 Rex Dalgghnberg
-Nebraska Mission in Colembia

Gonzalo Aristieabgl ¢

' National University, Medellin

- QBJECTIVES.

' The data‘presented 1n’this paper were collested as a part of a breader study

titled "Factors that affect the Efficiency of the Utilization of Concentrates

on Commercial Dairy Farms in Antioquia, Colombia®. The ptimary objective of

ceusumpticn and miIk production as affected by the quantity and quality of

iorage supplied and the quality of the: herd. A secondary objective was to

o describe the management practices employed on the farms that supplyvmilkvto

' . the_city’of Medellin.

 The study was inﬁerdisciplinary and intezinstit&tional.» It.was interdigeci-

- plinety’in that economists, animal scientists and agronomists participated .

B ectively in thexelanningvand»cenﬁuet of the study., It was interins;itutidnal,

in that bjorganizations made staff and/or budget centributions to the study,

* presented at the Annual ﬁeettng of theHAmerican Agricnltural Econcmica

Association, Gainesvilie Elorida;.eugnst 2, 1972.

.the'stﬁdy was to determinate the quantitative relationship between concentrate:

T

Rl



 data.

. The organizations were the Nebraska Mission in Colombia The Office of the

‘.”Secretary of Agriculture of Antioquia The Colombian Agricultural Institute

) :t'snd The National University in Medellin.

 sowRces OFADATA.‘b

'Y;Y_The data were collected between March and December 1971‘, Only farms situated -

' in the "Cold Climate" (that is above 6500 feet in elevation) were included in
;r’vdvorder to reduce'the climatic variation. Complete data were secured on 131

v"”:herds, 61 in an area East of Medellin and 70 in an area North of Medellin. .

d':About 20 observations were later discarded because of obvious errors in the

. _-The research team was composed of 3 members with the following functions-

. A.- An Animal Scientist-SpeCialist in Dairy Judging.r ;'"\

: ?The animal scientist claSSified the herd on a 10 point sCale based 8

’"’-"on the estimated ability to convert feed to milk. ‘Notes were-also_
o Tmade on the ‘breed, size, condition, type and other attributes thats-

dwould affect milk production (1).v'

E,(l) L C. Garrison (Nebraska Mission) was the principal judge. Heuwss’g'

3 assisted by H. Olarte (National UniverSity)



2)

(3)

‘Be= An.Agronomiﬂt-Speéialist.in Forage Production.

;'The agronomist classified the pastures on a 10 point acale based _
on’ the estimated adequacy of the forage supply for milk production.'

Measurements were made on the maximum, minimum and average height

of the grass in the pasture accupied at the ‘time of the visit and - .: 77 .

the paStureito be used next in the rotation system, *Notes‘wérew
" also. made on dominant species, weed infestation, disease, color

and other relevant characteristics.

Where green chop was used a sample ration was weighed and tated

. as to quality (2).

o ‘An Interviewer.

~ Either the owner orbmanager of the farm was interviewed in erder. to
'_ioeédre data on the management practices employed on the farm. - Pri=
- mary emphasis was given to the type and amount of concentrate fed -

‘to the milk cows and the amount of milk produced (3).

Drs‘Garj Jolliff (Nebraska Mission) rated the pasturés for the first
area; G. Angel (Secretary of Agriculture Antioquia) rated the pastures.

. for the second area.

iMoét of the interviews were conddcted‘by G. Garcia - (Secrétary of Agri~- .~
culture, Antioquia) assisted by other staff members from his office and BEARNERL

J. Suescun (Colombian Agricultural Institute).
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"Sampling Methodsa R 5

g In the firsr area the ferms were seiected on the besis of the qurn or
'e_estimated average milk production per cow per year. The farms were divided

. into low producers (less than 3000 kgs ), average producers (3000 - 4500 kgs.)
v'and hlgh producers (more than 4500 kgs );4 Twenty observatlons were desired

. in each group. |

' When the herds and forage supply had been classified the following drstri-

):L_ butlon reeulted.

Supply of. Forage

'f Cow qﬁalityv‘ ~~  Poor Average 1_ 'rGoo&" S Total E

 Number of-farms"

~ Good and'veryvgood‘i_‘ S T
(6 -7 -8=-9) o 31z 15

- Average

~ Poor e e e A T R
S@-2em e 07



eg;nce gbe:pumber aod distribution of the observations, at this‘time,bseemed
vioadeooate for the type of enalysis to oe oerformed the decision was maae to-
B eontinue_securing observations but»to’secu;e these observation in en'area -
s ; %
North of Mede111n. The goal was set of securing from 15 to 20 observaticnms
‘;'in each of the 9 possible comblnatlono of cow quallty and forage quality.
| ﬁ‘By'Deeember, when 131 farmsvhad been visited,\the oistribution was‘as>foliows:
“ | VSupoly of Forage '

'(!o‘v:iquza.l:'.‘t:'yv»~ T Poorr “_ﬁ Average Good - Total

Number of'Farms

- Good and,véi&ﬁéooo

(6 -7 -89 . -,2“;‘.,‘ BN TR 5 e
’:““~A§erage Lo . | L =

(“ "\5) S 7 18 ‘19 54

d<zisn - 18 om 4
IV“"T“al 39 Y / 45 S 131

"‘Aseehould have oeen anticipated, it was impossibie.to*find 15‘farms that |
feoﬁbined.the,two-extremeS“of co@:quality.and,forage quality; that is good :
”:cows on‘poof forage aﬂdvpoor‘cows onvgood forage.‘”Only liiobsefvations wefe
*bsecured where good cows: were Supplled average forage. With these 3 exceptions,

311 of the 9 possible combinations were represented by 15 or more observations.;



 LIMITATIONS OF DATA.

Data secured by the method outlined above have certain'iﬁmipstions which

" should be recognized. Among them are ;hebfoliowing:

1l.- All data relate to herd\averages,

- Milk production functions are most often derived from data gener=- -

2.?

~ated by the performance‘of individual cows under experimental

, conditions.~ Data used jn this study are averages géﬁeratedlby

the performance of a herd of cows. In some herds the cows were
fed concentrate according to production; in others they were not.

Although it is reasonable to assume that feed wouldbbe used more

efficiently under the former system than the latter, it was not
possible to separate the data generated under the two systems

of mahagement.

Data were based on recall informtion. |

An attempt was made to secure the total milk production and total

concentrate fed during the last year. Herd composition was secured

_By asking the average number of cows in milk, cows dry, heifers and

calves maintained in the bérd.durihg‘the last year, 'In the absénce_

. of good production and feeding records sﬁppiying this information

7»reqnired an accurate recall of up to one yearel There was a tend=-

ency to report the curreat situation in terms of herd composition, B
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;feeding praeticee ahd milk productien which were then converted to

'»fawyearly average basis. ‘InusO’far aa’theﬁsituation at the tine of

the interview was atypical of the yearly averages an errot wea '

‘ inttoduced.

"Problema of Aggregation.

“-On farms where green chop was feed data were available on the amount

.”aupplied per cow per daye On many farms the-entire forage SUPPIY'

2 was secured from pasture which was. rated on a 10 point scale at the

~ time of the interview. About one forth of the farms used pasture

ﬁsupplemented by varing quantities of green chop.- It was, therefore,
:necessary to Combine pasture quality and pounds of green ehop into
'“some indexvof»forage supply.. For this purpose al point change in.f

pasture classification was evaluated as equivalent to 9 kilograms

’j”(19 8 pounds) of green chop. Subsequent investigation may reveal o

o that green chop does not substitute for pasture at a constant rate'

RS or that the rate is other than 9 kilograms (19 8 pounda) per point -

’]uof pasture classification.

The “concentrate supplied also>varied greatly with respect to nutrient

_eontene;v Ali concentrates were,-therefore eonverted to a kilograms

' of protein and a kilograms of digestible nutrient basis. The co= ’

e effioients used in this conversion may be questioned by ‘gome.



Other studies have edjﬁéted the milk pfoduction figures for fat
'veontent. 1In this study no milk was tested and no fat adjustments
made. Since the holstein breed: dominaﬁed the sample this source

of error may be less serious than those mentioned above.

VARIABLES Foa‘zquarxoﬂs.;

The variables used in the equations were as follows.
M= Average milk production per cow per year in kilograms (2 2 lbs. )..
Thia figure vas computed by dividing the total kilograms of milk.
produced on the farm during the last year by the average number

of cows in milk.

: iﬂhé'ﬁﬁﬁéieée toéel"digestible hutrientsrper cow per yeer in kilograms
” ve;%(zjimibé;). This figure was compUted by converting io a T.D;N.

iﬁgéeieléil‘feed'other:than forege suppliedvfo;the cows in milk.
‘;Tﬁieitoiél T.D.N. ﬁﬁszthen divided by the aeerage number of cows
k;io>miik.k

~«,¢ME~§ Cow quality - 1 (poorest) to 10 (best).

meziieos These ratings were assigned by the livestock judge.: However there

vere no No. 10 herds end but 3 No. 9 herds. Likewise there was but’ .

1 NQ. 1 herd. In effect the cow quality scale ranged from 2 to 8



r=

Pasture quality -1 (poorest) to 10 (best).

| These ratingsewere.assigned by the foragE'specialistv-,Again thare

Were: no~Nos«10—paStures but.there~were 3 No. 9's and 10 Nos 1'8&

F = Average Amount of green chop per cow per day in kilograms (2.2 lbs.)

A sample was weighed at the time of the VlSits The resulting figure

Was adjusted upward or dOanard where there was evidence of sig- '

gnificant seasonal variation.

d;;Z - Total Forage Supply - 1 (poorest) to 3 (best).

- In order to reduce the forage supply to a 31ngle variable, pasture ,>'°

quality and kilograms of green chop were aggregated into a single :

measure,of,forage quality. Niae kilograms of green chop was assumed

'dﬁ‘to substitute‘for'ldpoint‘change in>pasture classification. -Afrerlo

M,f combining pasture and green chop the farms were divided approxi- -

'v,-f supply-_'f.__.;w

mately into- thirds on. the basis of . the quality of the total forage

A

~ MILK PRODUCTION FUNCTIONS - 114 HERDS - EAST AND NORTH COMBINED.

A?hrgee.numb’er of equationswere 'tested including"' linea‘r,-quadratic,.'s'quare -

”ﬂréot,}and ekponential functions;, On the total of 114 berds (East and North

'?combined), the equation that appeared most satisfactory on the basis oF pro-_i

',duction economics dairy nutrition.and statistical»significance, is equationlli ‘



‘A(1)'[ﬂ\‘,1'4.;_=' 1504 15 + 2011. ee z1 - 70,276 22
1, 0959 E+ 145 975 c = o.oobm 82 |
.0757 E x c ‘

21 and iz are‘two dummy variableé to explain ‘the differences in. milk pro=
‘duction because of the three types of total forage supply. -As shown on table »
_1 equation (1) exPlains 70.1 per cent of the variance in milk production from
‘the pooled\observations of the two areas, The t Values for the regression co=
i defticientevarevaleo included initable 1, Fron these we can conclude that.the‘-
;,modei_is practically linear given'thefvaiue of E2 anthhe 1on significance of B

~ its t value, From all of the transformations in the variable E. that were tested-

i

'“‘“tf_in order to obtain decreasing Teturns to scale this was the least discouraging.

AiiThis equation provided estimates of annual milk production from all possible o

' combinations of cow quality, forage quality and level of concentrate feeding.

B For purposes of illustration cow qualities 2 5 and 8 on the 3 fotage types

'are shown in figure la, 1b and lc., The figures illustrate the combinations
»that can result in an average milk production per cow of 2000 kilograms (that |
- is, poor cows on - poor forage with little concentrate) to 6500 kilograms per rft
cow (that 18, good cows with good forage and a heavy rate of concentrate i"d
:Vd_feeding).; It also indicates that the adVantage of good cows over “poor cows i

.increases as the level of concentrate feeding increases‘ »;-"
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_As a general guide to predicting the level of milk production the equation
| .is perhaps adequate, The error is likeiy to. be greatest on the unusual
combinations such as good cows on poor forage with a'low level of concentrate

feeding or poor cows on good forage with a high level ofjconcentrate feeding.

‘}-tUnder_closer.examination several aspects of the results are subject to question.
iThe first-is:that the‘production functions are almost lineare Within tue range
f concentrate feeding programmed under no condition are the cows approaching
a maximm in milk production. Although_the additionai milk produced per kil-
‘ogram of additional»concentrate-is higher forrgood cows_than poor cous,‘it is
‘»\the‘eemeifor,each.cow class between‘and among forage-groupa This is in con-
© flict with the findings of other studies. e L
The near linearity of the production functions also resultiin only a small
decline in the marginal physical product as more concentrate is feeda As a
result a small increase'in the price of concentrate relative to the price of
uilk can change the optimuﬁ_levei'of_féediag from‘feeding concentrate at the
vmaximum'oufeioiogical level to producing milk entireiy from forage (eee

figure 2). This conclusion also is questionable.

The final reservation relates to the small response in milk rroduction re-
sulting from forage improvement. Improving forage from class 1 to class 2

increased milk production by about 282 kilograms per cow per year and from
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forage 2 to forage 3 by about 187 kilograms per cow per year. ‘Theseiquan- '
'tities remained constant for all cow qualities and all levels of concentrate :

xfeedinga df,

' The‘reservations clted above led to certain ouestions concerning the basicVVF
data and the procedure fellowed.‘ These. questions were: |
';v 1.,=- Can data from the two areas be aggregated9
;{1 Although the two areas are 31m11ar climatically the soils are quite

different, It is p0351b1e that there are nutritional differences
in the forage that are not apparent from v1sua1 inspection. It 13
also possible that the standards used in classifying the inputs ‘were

altered between the two areas due to personnel changes in the re-

search team.v .

2.~ Can pasture and green chop be aggrEgated?,:*‘

'ﬁtﬁtliiiliAS”indicated‘previoasly'9 kilograms~of green chop was assumed.to

i
ii

substltute for al. point change in pasture classification in ar=

3
i
1

v*; riving at the 3 point c1a331fication of the total forage supply.d

Such an aggregation may not be justified.,'

o e
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~ MILK PRODUCTION FUNCTIONS -~ S4 HERDS, EAST ONLY.

1In order‘to evercone the liniitarions cited above a second run vas ma de usin’g

only data from the 54 herds in the Eastern Area from which usuable schedules
were obtained.. The two types of forage were entered as separate inputs 1n- oo
‘ eteed~of as dummy variables as in the previous equation.
The equation eventually selected was of the following form-
@ M= 1467313+13azz+39241c+69431='
..... | ‘,_+16 706 F - 00048 E2 - 15. 574 c2 - 4.808 P
-85 F2+.203Exc-.056ExP+.OO93ExF e
+53.823Cx1?+147ICxF-4547PxF |
zrﬁis.equgrion erpleine,éé 5 per. oent of the earieoce.in milk produorioh.. reole
k f1 shows the t values for the regression coefficients. On the besis of dairy
' -nutr1t1on at 1east each of the single variables (E, C P, and F) should make
a;contribpt;on to;milk production. The variable P (green chop supply) requires.
further considerarion, Out of the 54 observationa there were 11 with zero or
v} practieally zero‘greeo chop supply,.withkall»therforagecsupply coming from |
pgstnre;_'A run vas medeloﬁ these 43 obeervarinns and keepinéAthe same model
| eeheqeetion k2). 1Tlhis'lnew'eouationwas consistent wirﬁ the differeoteaapecte
for'selection, with’t veiue“of'the regression coefficient on botﬁ P and P2
- aignificant at the ol 1eve1 of probability, but the equation highly overs
'estimated the predicated response for the high levels of E, C, P and F.~

For this reason this equation was disearded._



'“‘ﬁodélé B

"'7,A comment.should be made on multicollinearitya The independent variables o

.f'ahoued some intercorrelation- different runs were made on models 1nc1uding ,"

ﬁtbe single variabie plus the square term (ie. = bo + bl E + bz EZ). In

, all cnsee«the'F - test and the t valuesvon the b’szcre h;g Ly cign‘ficant. }_ f B

'».anut when all these terme plus the cross - products were included as 1n e~

I quation (2) some of the t = values were practically non eignifican* Fur-j,a

’f;thermore the t values on some of the cross - produets are highly significant.,

"'-.,(See table 1).

: F;As~W1th the previous equation production funetions for cow- classificatione

'.“’-gxﬁe, 3b and 3c).,_

”~f;2, 5 and 8 have been plotted for poor, medium and good fo’age (see figure'

- 'fQ}Upon examination two of the production functions are open to question. 1s .

'~J;it true that good cowe on poor forage produce less milk than poorer cows at -

'};5lov levels of concentrate feeding? A logical explanation of th*s relation-.e:

| }Vship is posaible bnt in the real world and in our sample this combination o

w8 1 rerely found. it could also be queetioned if vcgve‘~ 17 *"odd”e less ;'_=-*~’

fdjmilk on good forage than on average or poor forage at a11 levels of con- ef:’
':5}ocentrate feeding, Again, this is a combination that is rarely found in the

”:real-world.‘ The temaining 7 combinations represent combinations that are
v~v1frequent1y encountered in the real werld although the extreme ends of the .

| %iproduction functicns are, ofteu projections. 7
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 As compared with the previous equation, this equation shows a more rapidly
diminishing return to’ concentrate for all possible cow = forage combinations
and a smaller difference between cow quality at lower 1eve12 of concentrate

- feeding but a greater difference at higher levels of concentrate feeding,.

“The equation also results in marginal product curveS'wbich,'although linear
and parallel, yield a different optimnm rate of concentrate feeding for all

-possible combinations of cow and forage quality (see figure 4).

To illustrete these optimum rates of feeding 3 milk - concentrate Price ratios
:were selected, 1:1.50, 1:1,33 and 1:1.2; 'Tne later approaches that represen=
tative»of a'prodncer nearrthe consuming center who has little milk rejected/

because of quality standards. The first represents a producer more remote
from the consumlng ceriter who would pay more transportation charges on both.
the milk and the concentrate, A greater distance from market could also in=
crease the possibility of baving milk»rejected for failing to meet quelity.'
standards. The 1:1.33‘rntio represents‘s;position between these two entremezr
The optimun rate of feeding under all possiblencombinationsvof 3'cow'qualities;‘
'5 forege'quelities and 3 milk-concentrate price ratios is'snown in figure 4."
The optimum feeding rates were then transferred to the production functions

~ 8howm in figures 3a, 3b and 3Ca
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Good cows on good forage can economically produce milk at the level of 6500
‘to 7000 kilograms per cow. per year. This will require 1800 to 2000 kilograms
of TDN (3000 to 3330 kilograms of a concsntrate containing'ﬁﬂ% TON)» Class

5 cows on everage_fotage oroduoeemost economioally ac_aoout a 4000 kilogtama-
annual everage which requires about‘1206 kilogfams of TDN (2000 kilograms of
a 607 TDN retion). For claee 2 cows it is uneconomical under'eiietingvprioe
vconeitions to attempt to achieve much more than a 2500 kilograms per covw

average.

*ISOQUANTS.

Two isoquants have been derived from equation 2; T.D.N. as a function of cow

quality, and T. D N. 88 a function of green chop forage (Figs. 5 and 6 res-

| fpectively). Also, from equation,(B) (the same model as equation (2) but
'ofitted to 43‘obsefvations-insteao of 54) the 1soqnanfs TeD.N. as a function

- of green chop forage are presented in figure,S.

The flatness of the TDN -green chop curve inoicaﬁes that when pasture of
~average quality is available to average cows there is only a small saving
in concentrate from tﬁe supplying of additional»green chop., The ThN-ecoﬁ‘,’

quality curve, however, is quite different. When‘provided ﬁith'an aﬁetage

forage eupply good cows produce any given 1eve1 of milk with less concentrate »

o than poorer cows. At the level of 5000 kilograms of milk per year a one point :

3 lmprovement in cow quality can result in a savings of 400 kilograms od TDN in ‘

L concentrate.
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CUﬁBARISON WITR DAIRY CGWS IN THE UNITED STATES.

'A Finally, an attempt was made to compare the results of this study with the |

o results obtained elsewhere. In a recently published study Owen and Hoglund

: (1) provide estimates of the amount of milk that holsteins of average and ’
sood qpality would produce when fed excellent, medium and poor quality
forage along with varying quantities of a grain ration. By pairing the

forage qualities assuming a TDN contain of the grain ration (75% was used)

Y

v and converting from pounds to kilograms, it was possible to. make same direct
" comparisons between the two studies. The results are presented in figures‘

33 3b and 3c.’

With good cows provided good forage'and at heaVyﬁrates of-concentrate feeding
: the expected milk production is approximately the same in the two studies.
However, at low levels of concentrate feeding about twice as much milk would

’ be expected from‘cows»fed hay'as1comparedewith'cows_on pasture’ofvgreen chopy”
- The sbove relationships result in the response to concentrate being higher -

and more sustained fot cattle fed pasture or green chop as compared with o

Ev csttleffed hay. With the same concentrate - milk price ratio it should

r(l) Owen, F.G. and C.R. Hoglund.' A Guide“for'Optinizing Levelsfof Feeding ;.'i

- Dairy Cows, Nebraska Agricultural Experie T

N ment Station, S.B. 511, October 1970,



thérefore, be economic to feéd_cﬁiéehtfﬁ#e at a highér level. This physical
fesponsé;advantage, however, iaﬁiéigély offset by the less favorable con-

¢éhtrate - milk pfice ratio that é§18t§ in Colombia. ’  .

:,Au additional differénce Bet@éenbtﬁé éﬁbAégudie§>should.be»noted, In the
study reported by dwea and Hoglund the éﬁéntity of hay[consumed ﬁas measuied.’
As grain feeding 1ncreased:§fom 0 to the maximums reported, hay»dpnsumption ‘
'\decreased from 20 per cent fo‘nearly_SO»per cent'depending.uﬁon the co§ and
hay quality. This savings in forage cost wa8 inco£pota£ed in thé feed=cost/

milk price ratio.

In the atudy’fepbrted hereipa3£ures were classified on the basis of the feeé
 available but no measurement of the pasture ac:uallﬁ-consumed was made. It
'  La‘feasbnabie to assume that if the cows ﬁre receiv;ng a heavy‘concentréte-'
’ :atién they will ;onsumé less pasture. The'stocking rate could then bé in-
vcteased withoug any‘dedrease in the qnantity pf.forage aﬁailable. In.con-
vhidering ghe optimum rate of qoncentrate‘feeding this issue was not’taken

into account,



 sueury. |
i Thic study demoetretee'that;.in eoite of'the deta-limitetions outlined
| ;}earilier in this paper, it is possible to secure uaeful information related
v to milk production by interview and inSpection using herd averages as the
: observational unit.. Although the levels of significance of some of the :
“ variablee are lower than desired the relationshipa seem, for the most part, _‘
’v.consistent with those expected‘ If the conclusions are accepted ae valid
"f they*have strong‘implicatione forfthe:appropiate strategy to.be pcrsued in; '

~ improving the efficiency of milk production in Colombia.

':'During the'field interviewe each reSpondent wna asked what he considered '
- to be the va jor obstacle to profitable ik production. Problems associated
”fwith maintaining a 3ood forage supply were. mentioned more often than any

e other item. Thc second moet often mentioned problem related to the price

'n._f'of milk, the price of. concentrate or the relationship between the two.v’o*‘

'_rHentioned by only a few operators vas the problem of maintaining a herd

With a high potential for milk production. e

e;The results of this study would indicate that these prioritiee should be
B reversed.v With good cows and exiating concentrate - milk price ratios it
'is possible to achieve a high level of milk production and a high return

,’per cow above purchased~feed cost. The optimum level of production and the t
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?l'ff’maximum return above feed cost is higher for good foaage than for poor\

’forage but the cow quality differential is much greater than the forage |

o quality differential., o

At the other-extrene:cf poésiﬁlevcombinationsvlittle”milk can be‘prcducedz ‘
. from good forage and high tates of concentrate feeding if the cows do not

have the ‘genetic ability to convert this feed 'to, milke

lRations and the level of concentrate feeding can be changed easily and
quick1y° Changes in rotations and fertilization practices can influence :
'i'forage quality in a time period of less than a year. However, the securing-

9’-‘ maintaining of a herd of high »producing-ability is a costly ‘and time

. ccnsnminggprcceésg It requires a level of managerial skill and dedication :bﬁ

© that is nct’in'ebundant supply in Colombia. This study indicates however,'

’thetftheipaycffviecquite:high'forrthosefwho can perfcrm this:difficult’

. task.,

sas.
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«ig. 3 Estimated Milk Production as a Function of Fotage Quality, Cow Quality and
. " Rate of Concentrate Feeding - 54 Herds in the East and Holsteins in the U,S.
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,'rgbie 1 Regressionv coe}fv;lficients, t values and 'R? for equations (1),;(2)

4 R evoe '

Independent * Equation (1) Equation (2)
Variable — ’ —
b 't b t
E viiee 1.096 2.083(1)  1.332 "1.784(2)
Counees 145.975 1.546(3)  39.241  1.691(2)
P oeeees | e 6,943 .035
Foreeee 16,704 - 1.097(4)
E2....0 -, 00007 -.318  -,00048 -1.20(%)
c2..... i -15.674 -1.18(4)
2., ~4.808 .28
L | -.185 ~1.145(4)
CEXC eesce .0757 .997 .203 “2.03(1)
EXP cocas R o -.056 -.575
EXF secan .0093 .922
CXP ceees 53,823 2.636(1)
"CXF oeces 1,471 792 3
PEF ceces . o , 4,547 -2.06(1)
2] eeeen 12011.660 2.565(1) '
2y aooe =70.276 918
2 .70 .865
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